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Foreword 


N INTRODUCING to researchers in engineering the present volume of the TRANs- 
ACTIONS of The American Society of Mechanical Engineers, an explanation of the 
changes which have taken place in its physical appearance and its contents is due. 


CHANGE IN PUBLICATION POLICY 


A revision of the publication policy of the A.S.M.E. consummated in 1928 resulted in 
important changes in the TRANSACTIONS. Physically, the page size was increased to 
conform to that of the Society’s journal Mechanical Engineering. In order to bring the 
published papers of the Society more quickly to its members, and to bring to each 
member only the papers in which he had an interest, the old plan of publishing once a 
year a single volume, expensively bound and sent without charge to every member of 
the Society, was abandoned in favor of a radically different scheme. 

The new plan provides for the issuing in pamphlet form of groups of selected 
papers presented at meetings and other miscellaneous contributions. These pamphlets, 
forming sections of the TRANSACTIONS, are issued periodically at the rate of about three a 
month, and each section is sponsored by one of the Society’s professional divisions. 

The new plan has made possible a change in the principles underlying the selection of 
papers for inclusion in the TRANSACTIONS. Under the old plan, publication was delayed 
by the custom of printing but once a year, and this delay, combined with the expense, 
limited the choice of papers to a relatively few which were considered to be of per- 
manent reference value. Much valuable material which could not be presented in the 
Society’s journal, Mechanical Engineering, was therefore excluded from publication. 

Under the new plan a member of the Society may register in any three professional 
divisions and may receive, without cost, the sections of the TRANSACTIONS which are 
sponsored by these divisions. The periodical publication of these sections in magazine 
form has a feature of timeliness which justifies the inclusion of papers of possible tem- 
porary interest. It also offers a medium for the printing of papers of specific interest to 
a single group of members without the cost of distribution to all. 

The new policy, combined with increased activity on the part of the professional 
divisions, has made available a much greater number of engineering papers, as may be 
judged by comparing volume 48 (1926) with its 38 papers and the present volume with 
its 257 papers. 


COMPLETE TRANSACTIONS FOR DEPOSITORIES AND LIBRARIES 


For permanent record and for reference use in libraries, and in the Society’s deposi- 
tories all over the world, a number of sets comprising all of the sections of TRANSACTIONS 
have been provided. When each section of the TRANSACTIONS was printed, extra 
impressions were laid aside, and these have been bound in the two books which form 
parts I and II of volume 49-50. 
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VOLUMES 49 AND 50 PUBLISHED TOGETHER AS VOLUME 49-50 


The valuable feature of a shorter time interval between the presentation of a paper 
and its publication under the new plan made it possible to publish the papers which 
would have comprised volumes 49 (1927) and 50 (1928) under the old plan simulta- 
neously during 1928 without delaying the appearance of the 1927 papers. (Under the 
old plan volume 49 would have appeared in book form in the summer of 1928.) 

The division of the complete TRANSACTIONS into two books known as parts I and II 
is for convenience in binding and does not differentiate volumes 49 and 50. No differ- 
entiation exists. The combined volume is known as volume 49-50 (1927-1928). In 
numbering the papers in accordance with the scheme outlined below, all papers are 
referred to as of volume 50. 


NUMBERING OF PAPERS AND ARRANGEMENT IN COMPLETE TRANSACTIONS 


The definite sponsorship of every paper by one of the professional divisions has led 
to the abandonment of the former system of numbering papers serially. The new 
system designates each paper by a symbol composed of key letters and significant num- 
bers. The letters refer to the section of TRANSACTIONS to which the paper is assigned. 
Thus AER refers to the Aeronautic section, IS to the Iron and Steel section, etc. The 
first number which follows the letters is the volume number, as volume 50, and the 
second is the serial number within the section of the paper in question. Thus FSP-50-3 
indicates that the paper so numbered is a part of the Fuels and Steam Power section 
of volume 50 of TRANSACTIONS, and is the third paper of that series. The arrangement 
of papers in the bound TRANSACTIONS is alphabetical by sections, and numerical within 
the section. All papers of the Management section, for instance, will be found to- 
gether in numerical order under the symbol MAN. 


How To USE THE INDEX 


In each of the two books forming parts I and II of volume 49-50 will be found a 
complete index to both parts of the volume so that either may be consulted. Reference 
to the individual items comprising the index is by paper number, explained above, the 
page number being included in parentheses. Thus MH-50-8 (15) means that the refer- 
ence is to be found in the Materials-Handling section, vol. 50, paper no. 8, page 15. In 
part I of the bound volume are all papers belonging to sections whose key letters are 
between AER and FSP, and in part II all those whose key letters are between HYD 
and WDI. 


CONCERNING BLANK PAGES 


In order to make the papers comprising the TRANSACTIONS available as reprints, it is 
necessary to print them so that the number of pages they contain is a multiple of four. 
This accounts for the blank pages which will be found scattered throughout the volume. 


THE PUBLICATIONS COMMITTEE. 
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HYD-50-1 


Progress in Hydraulics 


Contributed by the Hydraulic Division 


Executive Committee: Ely C. Hutchinson, Chairman, H. L. Doolittle, Secretary, H. Birchard 
Taylor, R. L. Thomas, and W. M. White 


HE YEAR 1927 has seen marked progress in practically all 

I branches of industry related and of interest to the Hy- 

draulic Division. The country as a whole has enjoyed an 
increased growth somewhat better than normal. While there 
has been no one thing outstanding, a review of what has happened 
during the year indicates a distinct trend. 

The light and power industry in which the membership of the 
Hydraulic Division centers the greater part of its activity, is 
serving close to a million and a half new customers since 
the date of our last progress report. The greatest increase has 
been in the number of domestic-lighting customers. The increase 
in the use of industrial power and commercial-lighting power has 
nevertheless been well maintained and shows a healthy increase. 
In particular, the growth in the use of electricity in the rural 
districts is worthy of special mention. 


EcoNnoMIC AND Po.iTicaL ASPECTS 


The economics of electric-utility operation is receiving increased 
attention, and one of the results of this is an increase in the inter- 
connection of electric systems. There are now in fact eighteen 
electric systems in the United States each having an annual 
output of one billion kilowatt-hours or more. 

Increased efficiency in the operation of steam plants in com- 
bination with moderate- or low-priced fuels, has brought steam- 
power-plant operation to the point where in some cases it is 
economically the equal of, or superior to, hydro-generated power. 
While this condition has resulted largely from the fact that cheap 
water powers are becoming increasingly more difficult to find, 
it has also had the effect of introducing intensive economic 
studies as to the relationship and relative value of steam- and 
water-generated power. 

A number of studies by outstanding engineers have been pub- 
lished upon this subject during the past year under the auspices 
of The American Society of Mechanical Engineers; The Frank- 
lin Institute, Philadelphia; and The National Electric Light 
Association and its Pacific Coast affiliate, The Pacific Coast 
Electrical Association. A. H. Markwart, vice-president in 
charge of engineering of the Pacific Gas & Electric Co. of San 
Francisco, is the originator of an outstanding method for studying 
and properly evaluating the relative uses of steam and hydro 
power. It is the opinion of all students of the subject that the 
position of hydro power is economically difficult. Under the 
analytical method of Mr. Markwart, however, it becomes im- 
mediately clear that with certain relations between the capital 
cost of water power and fucl prices, although the cost of an all- 
hydro supply may be less than the cost of an all-steam supply, 
the cost of a combined hydro and steam supply is even less than 
the cost of an all-hydro supply; and conversely, with certain 
other relations, although the cost of an all-steam supply may be 
less than the cost of an all-hydro supply, the cost of a combined 
steam and hydro supply will be less than the cost of an all-steam 
supply. The practical application of these facts is apparent both 
East and West, and water-power developments are being exam- 
ined from an enlightened economic viewpoint. A marked ex- 
ample of this is present in the U.G.I. installation at Rocky 
River, Connecticut. Eight thousand-horsepower vertical pumps 
have been installed for the utilization of off-peak power to ele- 


vate water to a storage reservoir for use in peak-load service. 
By this means a better balance of output is secured and a greater 
operating economy results. Although this plan of operation was 
used on a small scale very nearly twenty years ago in California 
and is quite generally used abroad, the U.G.I. installation is 
notable as being the first of such magnitude in this country. 

It is very evident also that the economic position of hydro 
power is well understood and appreciated by the manu acturers 
of hydraulic-power machinery. Numerous studies in the en- 
gineering departments, laboratories, and in the field are being 
made by the leading manufacturers for the purpose of securing 
increased economy in hydro-power machinery. Results of this 
work will continue to be of untold benefit to industry and to the 
country as a whole. Work of this sort is, however, deplorably 
handicapped by failure on the part of a large number of central- 
power or public-utility companies to appreciate that the funds 
for carrying on such work must come from and be included in the 
sale of the machinery they purchase, Despite the fact that the 
prices obtainable by manufacturers for hydraulic-power ma- 
chinery have been extremely poor, an effort has nevertheless 
been made to carry on their research and economic studies. 
Much greater advance would undoubtedly be made, however, 
and greater benefit will inevitably result, if some plan may be 
worked out between the purchasers and the manufacturers under 
which the manufacturers may be placed in funds as a result of 
their industry, with which to carry on their efforts upon a major 
scale. An exceptional few of the utility companies have prac- 
ticed this policy, and no doubt know that the results secured have 
been ample recompense. 

The administration and regulation of our water-power re- 
sources by the Federal Power Commission have been generally 
acceptable to the people and accepted by the public utilities. 
The introduction of discussion and agitation in some directions 
toward interstate regulation of large projects such as the St. 
Lawrence, Tennessee, and Colorado Rivers is apparent. 

The discontinuance of some municipalities in the hydro- 
electric-power field is noted, and their activities continue in 
some other parts of the country, notably in Los Angeles and 
San Francisco. 

The findings in the so-called “Indianapolis Water Rate Case” 
are worthy of special mention. The Indianapolis Water Com- 
pany, which is understood to be the third largest individual 
water company in the United States, brought suit to enjoin the 
Public Service Commission of Indiana, its members, and the 
City of Indianapolis from putting into force certain water rates 
on the ground that the fixed rates were confiscatory. The 
adjudication which followed and final decision which was rendered 
by the United States Supreme Court, November 22, 1926, is 
of special interest to the membership of the Hydraulic Division 
as it has set forth for the first time in the history of the United 
States Supreme Court definite principles having to do with the 
method of evaluating properties. The text of the entire de- 
cision is recommended to those who are further interested. The 
outstanding points, however, are contained in the following 
quotations from the majority opinion. 


1 In determining present value, consideration must be given to 
prices and wages prevailing at the time of the investigation, and in 
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HYDRAULIC SECTION 


the light of all the circumstances there must be an honest and in- 
telligent forecast as to the probable price and wage levels during a 
reasonable period in the immediate future. 

2 Re depreciation: The testimony of competent valuation engi- 
neers who have examined the property and made estimates in respect 
of its condition is to be preferred to mere calculations based on 
averages and assumed probabilities. 

3 <A reasonable rate of return is not less than seven per cent. 

The opinion emphasizes also the necessity of including value 
of water rights, going-concern value, and working capital in a 
proper evaluation. Although it has been customary for some 
years for experts to give testimony of their own conclusions 
as to the proper rate or percentage of depreciation to be deducted 
in evaluation cases, such conclusions being based upon actual 
inspection by the experts themselves, it is believed that no 
former opinion has so emphasized the justice of this method. 
Because of the clarification of the entire matter of evaluations 
as a result of the opinion, it has been deemed advisable to make 
special mention of the case so that those further interested may 
secure the entire text for further study. 

Substantially cognate questions are involved in the recent 
decisions in the Kansas City Gas Co. case and the still more in- 
teresting case of the St. Louis & O'Fallon Railroad Co. The 
entire matter is so important that there is no doubt that it will 
come, and probably within not too long a time, before the U. 8. 
Supreme Court. 


IMPROVEMENTS IN Hypro-PowEeR MACHINERY 


A review of the year’s progress does not bring special emphasis 
upon any outstanding mechanical improvement in hydro machin- 
ery. Intensive study has, however, been given to the improve- 
ment of existing designs in which advantage has been taken of 
operating experience. Knowledge of the comparative remoteness 
of remaining undeveloped hydro-power sites and their consequent 
high cost of development has given direction of thought among 
leaders of the industry to the necessity for simplification and 
economy of operation in hydroelectric installations. It is recog- 
nized that economy of plant operation is best secured with equip- 
ment which will operate most continuously and with the least 
expenditure for maintenance and renewals. To increase the ex- 
isting knowledge, intensive studies are being made of the opera- 
tion of power plants both steam and hydroelectric. 

The outages of plants (or units), their causes, maintenance. 
and operating costs are being scrutinized and their relation to 
first cost of apparatus determined. In hydroelectric plants the 
economy of water consumption is receiving first attention. Air 
is being introduced into turbines automatically and otherwise, 
with the result that their no-load efficiency has been increased 
to a great extent when generators are floated on the line for the 
improvement of power factor. This method of operation has 
received much attention and its development has resulted in the 
elimination of a large percentage of stand-by leakage through 
turbines. It has become almost universal practice to make 
accurate tests of water wheels and turbines after installation to 
determine their operating characteristics. Information secured 
as a result of these tests is used to great advantage in developing 
the most economical method of plant operation in connected 
systems, the hydraulic conditions also being considered. 

Voltages and frequencies are undergoing gradual standard- 
ization. This work must lead that of further and future inter- 
connections. 

The flow of streams that are subject to wide seasonal variations 
is being utilized to increased advantage by adding induced 
capacity to hydraulic turbines by means of backwater sup- 
pressors and ejector turbines. A great deal of attention is being 
paid to the improvement of turbine operation under variable 
heads. This problem has been more actively met in the Euro- 
pean plants than in the United States, and instances of notable 
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results secured have been published in the technical press. The 
most promising results have been secured in obtaining high 
efficiencies over widely varying heads by means of turbines having 
adjustable-bladed runners operated independently and in some 
cases automatically. 

Propeller-type turbines are being successfully operated with 
stability and good regulation under increasingly higher heads, 
and efficiencies are ranging upward to ninety-two and ninety- 
three per cent. 

Development of the use of rubber in various places is continued. 
Experience is increasing in the use of rubber seal rings for turbine 
runners. Rubber seals have been introduced as a means for 
decreasing the leakage around guide vanes when in closed position 
for the purpose of decreasing shutdown losses. Rubber is being 
applied to the periphery of large butterfly valves, and marked 
success is being secured in decreasing of water leakage by this 
method. Several cases are on record in which water-lubricated 
rubber bearings have been used with great success in turbines. 
Bearings of this type have replaced lignum vitae, with much 
better wearing results. 

Much is being done to eliminate outage of hydroelectric 
plants from failure of the governor driving belt. Development 
in this direction is being manifest in the operation of the cen- 
trifugal elements of the governors by means of direct gear 
connection and electric motor. Other designs provide for mount- 
ing the centrifugal element directly upon the shaft of the prime 
mover. 

Spiral casings for turbines which operate under moderate 
heads are being made of plate steel, with the joints in some cases 
being electric-welded in place at point of installation as means of 
securing more permanent water-tightness than by calking. 

As a means of maintaining the turbine runner in its exactly 
central position, a hemispherical combined thrust and turbine 
guide bearing to the design of Albert Kingsbury may shortly 
be tried. 

A measure of economy and increased reliability is being mani- 
fested in the electric welding of plate steel and rolled structural- 
steel forms into the frames or stators of large generators for which 
castings of iron or steel have been hitherto used almost ex- 
clusively. 

Means for maintaining a perpetual check upon hydroelectric- 
power-plant operation, both electrically and hydraulically, are 
being permanently installed in the power plants and are rapidly 
proving their value as an aid to the maintenance of the best 
operating efficiencies at all times. 

The value of full automatic and semi-automatic operation of 
water-power plants is assured, and a great economy has been 
effected by their use. As a result, smaller water-power sources 
hitherto undeveloped or found to be very expensive to operate 
are being brought into service upon an economical basis. 


Oruer IMPROVEMENTS IN HyYbDROELECTRIC-PLANT 
CONSTRUCTION 


Of the improvements in hydroelectric-plant construction other 
than those which have taken place within the power house itself, 
several developments are worthy of special mention. The so- 
called “Johnson-Wahlmann intake’ for admitting water into 
conduits is being installed. Its use is of special advantage in 
the avoidance of ice troubles at the intake and diversion works. 

For high-head developments where the purpose of finding a 
suitable and safe penstock construction at reasonable cost has 
been a particularly vexing one, a solution has apparently been 
found in the development of centrifugally cast and cross-roll- 
forged seamless steel piping. The installation of expensive plant 
machinery for the manufacture of this pipe of high-grade steel 
in sizes from thirty-two inches up to any diameter which may be 
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shipped, and in thicknesses varying from one-half inch up to five 
or even six inches, is assured and will undoubtedly mean much 
to the economic possibility of installing high-capacity, high-head, 
hydroelectric power plants. 

In the case of tunnels lined with concrete a most important 
development has been that of the Hackley pneumatic apparatus 
for forcing concrete behind the forms of tunnels. This apparatus 
deposits the concrete without segregation and in horizontal 
layers in a very effective manner, up to and including even the 
crowns of the arches. 

The fact that 220,000-volt transmission is now a demonstrated 
success as to reliability and economy, will undoubtedly mean 
much in the development of water-power projects which have 
hitherto been considered not economically accessible. Crest 
gates are being increasingly used as a means of maintaining the 
most economical hydraulic conditions for plant operation. 

There has been wide development in the use of Johnson needle 
valves as an economical means for stream and storage-reservoir 
regulation. Valves of this type are becoming the accepted stand- 
ard in this service. 


Tue Broaper oF Economic HyYDROELECTRIC- 
PLANT CONSTRUCTION 


In the light of the present advanced state of the art there is 
no doubt that there are numerous old plants operating in systems 
and under comparatively ancient water-power concessions that 
can well afford to be rebuilt or modernized. A study of such 
possibilities will in numerous cases prove to offer a handsome 
return upon the capital investment required. Another, and 
probably the source of the greatest opportunity for economic 
hydraulic power, lies in the complete and balanced development 
of entire streams and watersheds into a single project. There 
are probably numerous cases where the existence of isolated power 
developments has served to distract attention from the possi- 
bilities of a river or watershed which would be readily apparent 
if existing developments were removed from the picture. An 
effort should be made to uncover these and analyze their possi- 
bilities in the light of present-day knowledge. 


RESEARCH 


Research in the field of hydraulics is continuing in many di- 
rections. One of the outstanding projects in this respect is the 
Stevenson arch-dam investigation. This consists of an elaborate 
test upon a full-sized model arch dam made of concrete and hav- 
ing a height of approximately sixty feet, a thickness near the 
crest of about two feet, and a length at the crest of one hundred 
and sixty-five feet. This dam has been installed on Stevenson 
Creek, California, on the system of the Southern California 


Edison Co., under conditions comparable to those met in actual 
installations, and has been provided with means for scientific 
observations. The knowledge gained is already proving of 
great benefit. The work is being done under the auspices of 
the Engineering Foundation and is assisted by a notable group 
of contributors and cooperators, including the United States 
Bureau of Standards. 

Research with the aid of small-scale models is increasing, and 
there are many notable examples of this, such as the Niagara 
Falls Power Co. model for the investigation of the proposed 
remedial works for the preservation and improvement of the 
scenic grandeur of Niagara Falls with the possibility of diverting 
more water for power purposes; the Chelan dam development 
of the Washington Water Power Co.; and the observation of surge- 
chamber phenomena at the Pit No. 3 development of the Pacific 
Gas & Electric Co. The Niagara Falls Company has undertaken 
extensive research in connection with its operations for the purpose 
of determining the friction losses in large concrete-lined tunnels. 

Research is also being carried on for the enlargement of know!l- 
edge for the purpose of intake design; draft-tube construction; 
the determination of spiral or scroll-case forms for turbines: 
enlargement of the knowledge of causes of turbine-runner pitting, 
and many other live subjects. 

A very constructive work has been done by Ray S. Quick in 
his analysis entitled “Comparison and Limitations of Various 
Water-Hammer Theories.’”” The complete text of Mr. Quick’s 
paper was read at the Spring Meeting of The American Society 
of Mechanical Engineers at White Sulphur Springs, West 
Virginia, in May, 1927. 

A matter in which there is still much to be done is the inves- 
tigation of the causes of corrosion in penstocks. It is hoped that 
this will receive greater attention than it has in the past. 


CONCLUSION 


The field of hydroelectric power is one of great promise ani 
intense interest. The development of the market for electricit 
exhibits a healthy and encouraging increase. Activity in the 
works of irrigation and reclamation not only provides a market 
for electricity, but offers an inviting field to the builders of water- 
regulating and pumping equipments. There is vast oppor- 
tunity for the users of hydraulic machinery of all kinds to co- 
operate with its builders and for the development of a purchasing 
policy which will give full recognition to the fact that the in- 
terests, aims, and desires of all are closely related. More com- 
plete realization of these mutual interests will inevitably lead 
to the greater progress for which we are all striving. 


C. Hurcsinson, Chairman. 
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A New Method of Separating the Hydraulic 


Losses in a Centrifugal Pump 


Particulars of a Method by Means of Which the Friction and Shock Losses of a Given 
Pump May Be Determined Separately from Its Head-Capacity Curve, 
Together with Illustrative Example 
By MICHAEL D. AISENSTEIN,! BERKELEY, CALIF. 


HE so-called hydraulic losses in a centrifugal pump are 

composed of friction losses and shock loss. The friction 

losses are those which are due to resistance offered to the 
water by the walls of the runner and case. The shock loss may 
be considered as due to the sudden enlargement of passages. 

It is important for the designer to know how the losses are 
distributed and to have a method of separating them, so that 
by studying the variation of these losses he may decide in 
which direction improvement should progress. 

The purpose of this paper is to present a method by means 
of which these losses may be determined separately from the 
head-capacity curve of a given centrifugal pump. 

The following symbols and nomenclature are used: 


d, = diameter at inlet of impeller in feet 

d, = diameter at outlet of impeller in feet 

k = coefficient of head loss 

c: = absolute velocity of water at entrance of impeller, 
feet per second 

c. = absolute velocity of water at exit of impeller, feet 
per second 

w; = relative velocity of water at inlet of impeller, feet per 
second 

w: = relative velocity of water at outlet of impeller, feet 
per second 

va = velocity in volute case referred to d:, feet per 
second 

w» = angular velocity in radians 

7 = torque in foot-pounds 

L = power in foot-pounds per second 

M = moment of momentum 

u, = peripheral velocity of impeller at inlet, feet per second 

u, = peripheral velocity of impeller at exit, feet per second 

a = area in square feet 

t = vane thickness at periphery in feet 

z = number of vanes 

56 = vane angle (fixed) 

6 = water angle 

hb; = breadth between the impeller disks or shrouds at 
the diameter d, in feet 

by = breadth between the impeller disks or shrouds at the 
diameter d,. in feet 

y = weight of 1 cubic foot of water 

Q = capacity in cubic feet per second 

h = head in feet 

H = theoretical head in feet for an impeller with a finite 


number of vanes 
Hiat. = theoretical head in feet for an impeller with an infinite 
number of vanes. 


. a Engineer, Byron Jackson Pump Mfg. Co. Jun. 
Contributed by the Hydraulic Division and presented at the 

Annual Meeting, New York, December 5 to 8, 1927, of THe AMERI- 

Socrety or MecuanicaL Enaineers. All papers are subject 
revision. 


Let T = torque exerted on the impeller. Then, neglecting 
the losses, 
Torque = change in the moment of momentum 


T = AM 
or 
T = ey (r2Cz COS Og — COS {1] 
Calling 
Cz COS = Cur 
and 


Equation [1] can be rewritten as 
Qy 
This is the torque given to the water by the shaft. Multiplying 
both sides of Equation [2] by the angular velocity w, 


Tw = Qy (r2wCu: — 
g 


or since 
Tw = L = power, rw = andrw = uw, 


The power is also equal to the weight of the fluid raised per 
second against the head H, so that 


Equating Equations [3] and [4], 


QyH = — 


or 


which is the fundamental equation of a centrifugal pump. 
The losses in a centrifugal pump may be classified as 


a Friction losses and 
b Shock loss. 


The friction losses are approximately proportional to the square 
of the capacity and may be expressed as 


The shock loss, which is due to the sudden enlargement of pas- 
sages, may be represented by 
ks (Cus va)? 


29 [7] 
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and the actual head produced by the pump will be 


ks(Cu2 — va)? 


[8] 
29 
But 
Cre 
and 
Cri 
tan 6; [10] 
also 
Q 
.......... 11 
(ads — ata) bs 
and 


(xd, b; 


Cr 


fradia/ 
Clearance 


Clearance 


uy 
Fie. 2 


Substituting Equations [9] to [12] in Equation [8] and re- 
membering that vg = Q/a3, where a3 = d:/d;’, 


U2 M41 
_ 2 

(wd, — tan 52 (wd, — 2t,)b: tan 6; 

g 
kL’ ly — by tan 
cq: — [13] 

29 

or 
Ue 


h E (wd, 2t;)b, tan 6; (wd, 2te)be tan 
| 


— ztz)be tan 52 + a; 


Va" Vi 


For a given pump running at a constant speed, all the bracketed 
quantities in Equation [14] are constant as they depend on the 
physical dimensions of pump; therefore we may write 


h = A + BQ—CQ*— (D—KQ)?.......... [15] 


where CQ? is the friction loss and (D — EQ)? is the shock loss, 
and 


g 
“4 U2 
(wd, —zt,)b; tan 6; (wd — tan [17] 
g 

ks 

2g 

2g (wd. — tan 5, a3 


Expanding Equation [15], 
h =A + BQ— CQ? D? + 2DEQ — 


or 
h = (A — D*) + (B + 2DE)Q — (C + E*)Q?...... [20] 
and calling A — D? = A’, B+2DE = B’,andC + E? =(C’, 
h =A’ + [21] 


The constants A’, B’, and C’ can be determined from an 
actual head-capacity curve, as will be shown later in an example 
and as above stated, 


[23] 
[24] 


The theoretical head when computed by means of Equation 
[5] is always higher than the actual theoretical head: 


Referring to Fig. 2, because the number of vanes is finite 
the particles of water do not follow the vane angle 8,’ but follow 
a certain average angle 5. which is smaller than 6,’. Conse- 
quently cy: is less than c’y:, and if the theoretical head with 
an infinite number of vanes is 

U2" ua — 


g 


the theoretical head with finite number of vanes is 
g 
Hence Equation [17] cannot be used in this form unless the 
angle 6, is corrected. 

Since the maximum efficiency occurs practically at a point 
where the hydraulic losses are minimum, that is, where the 
sum of the friction losses and shock loss is a minimum, 

Y = CQ? + (D — EQ)? = minimum......... [27] 

The value of Q which makes Y a minimum must satisfy the 
condition dY/dQ = 0; hence, differentiating Equation [27] 
with respect to Q and equating it to zero, 


2CQ + 2(D — EQ) (— E) = 0 


H = 


or 


CQ — DE + EQ [28] 


h=H— hy hs 
rte 25 
> 
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From Equation [24] 


C = C’ — E? 
Substituting this value of C in [28] 


C’Q — — DE + =0 
or 


where Q is the rate of discharge at the point of maximum 
efficiency. 

We now have five equations, [16], [22], [23], [24], and [29] 
and five unknowns A, B, C, D, and E. Hence from given 
characteristics obtained from an actual test it is possible by 
simple substitution of different values of Q to determine the 
friction losses CQ? and the shock loss (D — EQ)*?. An example 
illustrative of the use of these equations follows. 


ILLUSTRATIVE EXAMPLE 


Let Fig. 3 represent an actual test of a 5-in. double-suction 
single-stage centrifugal pump running at 1750r.p.m. The inlet 


Fia. 3 


diameter of the impeller d; = 43/s in., and the outlet diameter 
d, = 9 in. 

Let us tabulate the values of Q and corresponding values 
of h from Fig. 3 as in Table 1. 


TABLE 1 


Q, h, h — he 
No. g.p.m. ft. QO — h— ho — Oo h’ ah 
l 0 83 — 800 30 —0.0375 83.2 —0.2 
2 100 86 —700 33 —0.0471 86 i) 
3 200 87 — 600 34 — 0.0566 87.3 —0.3 
i 300 87 — 500 34 — 0.0680 86.5 +0.5 
400 85 — 400 32 —0.0800 83.8 +1.2 
6 500 SO — 300 27 — 0.0900 79 +1.0 
7 600 72 — 200 19 —0,0950 72.2 —0.2 
700 63 — 100 10 —0. 1000 63.5 —0.5 
800 53 0 0 53.1 —-0.1 


rhe points E Q 4 when plotted lie on a straight line 
— 0. 


(see Fig. 3), which means that these data fit an equation 
of the form 


h = A’ B'Q 


Using the method of averages and dividing the data into 
two groups 1, 2, 3, 4 and 5, 6, 7, 8 and adding the Q’s and 
h—ho 
Q — ’s for each group, we get 

0 


4a + 600b = — 0.2092 


4a + 2200b = — 0.3650 


Solving for a and b, 
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b = — 0.973 X 1074 
a = — 0.0377 
Substituting these values in 
h—ho 
= + bQ 
Q— Qo 
we obtain 
h— 53 
= -—— 0.0377 — 0.973 10- 
Q — 800 @ 


Solving this equation for h, 
h = 83.2 + 0.0401Q — 0.973 & 1074 Q? 
This equation is in the form 
h=A'+BQ—C@ 


Substituting different values of Q in gallons per minute, we 
obtain Ah’ and Ah, which are tabulated in Table 1. 

Next let us determine the constants in Equation [15], having 
found above that 


A’ = 83.2, B’ = 0.0401, and C’ = 0.973 x 1074. 


From Equation [16] 
— u;? 


A = 


and since from the data given, 


1750 X X 9!/2 


u: = 790 = 72.4 ft. per sec. 
1750 X X 4°/ 
u = a + = 33.3 ft. per sec. 
72.4? — 33.3? 
= 198 


g 


Solving Equation [22] for D, 


D=VA—A’' = V/128 — 83.2 = 6.7 
Solving Equation [29] for 2, 


E 
At the point of maximum efficiency the pump is delivering 
600 gal. per min., therefore 


_ 0.973 X 10-* 600 
6.7 


E 


0.00872 


From Equation [24], 
C = C’— 
= 0.973 & 10-* — 0.00872? = 0.213 x 10-4 
From Equation [23] 
B = B’—2DE 
0.0401 — 2 K 6.7 X 0.00872 = — 0.0771 


Substituting all numerical values of coefficients in Equation [15], 


h = (128 — 0.0771Q) — 0.213  10-4*Q? — (6.7 — 0.00872Q)? 


friction shock 
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After hy; and h, are determined it is possible to calculate the 
theoretical H (no-loss head) and the hydraulic efficiency ma. 


H=h+hy 


h 


These results are tabulated in Table 2 and plotted below 
in Fig. 4. 
TABLE 2 


nh 
Q, h, hy, ft. he, ft. H, ft. per 
gal. per min, ft. 0.213 1074Q? (6.7 0.008720)? cent 
0 383 0 45 128 64.9 
100 86 0.2 33.6 119.8 71.7 
200 87 0.8 25 112.8 77.2 
300 87 1.9 16.8 105.7 82.3 
400 85 3.4 10.2 98.6 86 
500 5.3 90.6 88.2 
600 72 82.0 88.0 
700 63 10.4 0.4 73.8 85.2 
800 53 13.6 0.1 66.7 79.5 
900 17.2 1.2 
1000 21.3 4.1 


Analyzing the hy; and h, losses in Fig. 4, it is seen that the 
shock loss reaches its minimum value at about 750 gal. per 
min. This is an indication that the casing of the pump is a little 
toolarge. By reducing the areas of the volute casing the point of 
zero shock loss could be shifted toward the left and the efficiency 
could probably be improved if the increase in friction loss due 
to reduction of the casing areas would not offset the decrease 
in shock loss. 

In conclusion, the author would like to point out that many 
writers on centrifugal pumps define the hydraulic efficiency of a 
pump as the ratio 

h 


Th 


and that the value of the hydraulic efficiency obtained by 
means of this formula is often less than the actual pump efficiency, 


ind Eff ciency in Per Cent 


200 300 400 500 600 vy 800 
Discharge, Gallons per Minute 
4 


which includes besides hydraulic losses mechanical losses such 
as disk friction, friction in stuffing boxes, etc. 

The reason for this inconsistency is self-evident when one takes 
in consideration the fact that Hin¢. is never produced by the 
impeller and is an imaginary quantity because, as was explained, 
the average actual angle between the relative velocity wz and 
peripheral velocity uz is always less than the casting angle of 
the vane. Hence the drop from Hig. to H does not consume 
any power and is not a loss. 

To discuss the factors which influence this ‘‘no loss’ drop 
from Higs. to H, the shock and friction losses, is beyond the 
scope of this paper. 
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Discussion 


Rosert W. The paper presents an interesting 
problem on the centrifugal pump, and one to which little atten- 
tion has recently been paid. Earlier writers on centrifugal 
pumps went into the distribution of the losses with much care 
and some interesting discussion of the question will be found in 
the paper by Unwin in Minutes of the Institution of Mechanical 
Engineers, vol. 53, and there is a more complete discussion in 
a book on centrifugal pumps by C. H. Innes. 

Innes deals with various cases, discusses the losses at exit due 
to proper and improper design of the volute, and determines 
the best velocity in the latter. He further deals with the diffuser 


el, 


- 


Fig. 6 


or radial space frequently left between the rim of the impeller 
and the inside of the volute in the older pumps. 

The author states that the friction losses are proportional to 
the square of the discharge. This statement is rather question- 
able when one considers the range of discharges with which the 
author deals. For small ranges of velocity a coefficient ¢ may 
be determined so that hy = cQ?, but such a law is far from true 
if there is much variation in the discharge. For example, in 
a 12-in. pipe the Hazen and Williams tables give the loss per 
1000 ft. of old pipe, with a velocity of 1.97 ft. per sec., as 2.10 
ft. and for a velocity of 10.84 ft. per sec. the loss is 49.4 ft.; the 
value of hy/v? being 0.54 for the first case and 0.42 for the second 
case, a difference too great to neglect. 

The expression for the loss of head due to shock as given in 
Equation [7] appears to the writer to be inaccurate. It has 
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been established as a general theorem that when water with 
velocity »; in a small pipe passes abruptly into a larger pipe 
where the velocity is v, the two pipes being in line, the loss of 
head is proportional to (v,; — v2)?. In the case of pipes not in 
line as shown in Fig. 5, the loss is proportional to the vector 
difference between v,; and v,. Thus in the same figure AB = 
»,, AC = ve and the loss of head is proportional to (BC)?, or to 
the vector difference (v, v)*. The author assumes the loss 
of head due to shock to be proportional to (AD)? — (AC)? where 
AD is the projection of vy, on the direction of v.. Regardless of 
which method is adopted, the coefficient k, cannot be regarded 
as constant. In King’s “Handbook of Hydraulics” a table is 
given of values of the corresponding coefficient when the pipes 


are in line, which shows a variation of about 15 per cent when 
the velocity varies from 5 ft. per sec. to 40 ft. per sec. 

Throughout the paper the author assumes constant speed, 
and the velocity triangles at exit from the impeller for two 
discharges, one equal to half of the other, are given in Fig. 6, 
the shock velocity being indicated by the letter s. and the loss 
due to shock being proportional to 8,2/2g. It is quite possible 
to include an expression for s,*/2g in the general pump theory 
which the author has given, although the resulting expression 
becomes somewhat cumbersome. 

While the author has dealt with shock loss at exit from the 
impeller he has neglected entirely the corresponding loss at entry. 
The entry conditions are represented in Fig. 7 by the two triangles 
EFG and EFH, the former representing the conditions just 
before entry and the latter the conditions just after entry. If 
the vanes are thin at this point, it is quite correct to draw GH 
parallel to EF, but there is much uncertainty about the direction 
of EG, as the amount of whirl in the suction pipe is unknown. 
The letters are the same as the author’s, and in this case the 
shock loss depends on the length of the line GH = ¢, and is 
proportional to s,?/2g. 

lf the designer knew the direction of GE he would naturally 
make G and H coincide for the best efficiency, and this could 
be done for one discharge, but for all other discharges, at the 
Same speed, s, is not zero. In Fig. 8 (a) shows the conditions 
for best efficiency and (b) the conditions for half the discharge 
corresponding to (a). 

To make the theory complete, therefore, the two shock losses 
and the friction loss should be included, and as these are to be 
multiplied by coefficients which vary with the discharge, it 
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would appear to be doubtful whether the analysis made by the 
author is reliable and can be made to furnish the information 
he desires. The author is, however, to be commended for re- 
turning to the early principles and bringing forward again the 
fundamental ideas on which the design of centrifugal pumps is 
based. 

Some years ago the writer made a careful study of the same 
problem, introducing the expressions for the shock losses s; and 
8 mentioned in his discussion, and he found that the equation 
for the pump could be written in the form 


AQ? + Bu.Q + Cu? + 29H = 0 


where A depends on the friction in the pump and also on the 
dimensions and angles, and B and C depend on the dimensions 
and angles only. If this equation is written so as to apply to 
a constant speed of operation, 


AQ? + B'Q + C’ + 29H =0 


in which equation H is the head against which the pump works. 
If the dimensions of the pump are available B’ and C’ may be 
readily determined, and the value of A may be computed from 
different values of Q. Since A includes the friction losses the 
latter may be determined. 

The writer feels, however, that until there is greater certainty 
about the entry conditions and the action of the water in the 
impeller, these calculations cannot yield numerical results of 
much practical value. 


Tue Avutuor. Professor Angus, introducing an equation 
AQ? + B’Q + C’ + 2gH = 0, claims that AQ? is the friction 
loss. This is not correct since AQ? includes part of the shock 
loss, which can be seen when following the derivation of Equation 
[21]. Consequently, the computed value of A will be of no 
“If the di- 
mensions of a pump are available, B’ and C’ may be readily 
determined, and the value of A may be computed from different 
values of Q.”’ This statement is not correct since the actual 
angles which the water follows, as has been pointed out in the 
paper, are different from the casting angles of the impeller. 
For this very reason we have so much controversy about the 
validity of the different theories of the centrifugal pump. For 
the very same reason the author’s method was introduced to 
avoid the use of the physical dimensions and angles which may 
lead, as every one who has dealt with centrifugal pumps knows, 
to preposterous results. 

The shock loss at entrance due to thickness of the blades was 
not considered because the blades at the inlet of the impeller 
are usually sharpened and this loss becomes negligible. Innes, 
to whom Professor Angus refers, in ‘Centrifugal Pumps and 
Turbines,’ page 206, discussing Professor Unwin’s analysis, 
says: ‘‘As he (Unwin) gives no vane thickness, it is probable 
he neglects that.” 

Another type of shock loss at entry is due to sudden change 
in direction of the absolute velocity and, as shown on page 193 
of Innes’ work, is equal to 


value. Moreover Professor Angus states that: 


Cus” 


h, = 


9 


This loss due to abrupt change of velocity would take place 
if directing vanes extending clear to the impeller tips were used. 
But modern practice to the author’s knowledge no longer employs 
them. 

Since water is set in rotation in the suction pipe there is no 
abrupt change in velocity for a relatively small discharge. For 
greater flows the rotation decreases and a certain amount of 
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loss at entrance may take place. But this, according to Daugh- 
erty’s “Centrifugal Pumps,”’ page 65, ‘“‘does not seem to be of 
sufficient magnitude.” 

Hence the whole question of shock loss at the entry does not 
seem to be of great importance, especially as these relatively 
smail losses if present will be included in the loss terms of Equa- 
tion {15}. 

The treatment of the shock loss at the outlet of the impeller 
as presented by the author may be found in LeConte’s ‘‘Hy- 
draulics,”” Daugherty’s “Centrifugal Pumps,” and other treatises. 

Water leaves the impeller with an absolute velocity c. which 
may be represented by two components, cuz (projection on the 
periphery) and cr: (radial component), and the expression for 
shock may be written as follows: 


(Cuz — wa)? €r3* 
29 29 


that is, the tangential component follows the law of sudden 
enlargement (difference in velocities squared) and the normal 


From the principle of dynamic similarity we have for friction 
drop in circular pipes, 


vd 
For turbulent flow — > 3000 Dr. Lee gives the following ex- 
v 


pression for the Stanton-Pannell curve: 


vd 
= 8] 0.0765 | — - 0.0009 
v vd 


which substituted in Equation [30] gives 


0,35 
hy = 8| 0.0765 ( — - 0.0009 | — =...... [32] 
vd 2g d 
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component is wasted. The author when developing the expres- 
sion for shock losses omitted the term c¢2:*/2g purposely, since 
it appeared automatically in the friction term CQ? which included 
all losses following the law of variation of square of the velocity. 

The table in King’s “Handbook on Hydraulics” to which 
Professor Angus refers is based on experiments by H. W. Archer 
conducted in the hydraulic laboratory of the University of 
California. Professor LeConte of the same institution states 
in “Hydraulics,” page 98: ‘Mr. H. W. Archer found that 


(v; — 
he = 1.008 

29 
though many experiments by the writer (LeConte) particularly 
at high velocities agree almost exactly with equation 


v2)*,, 


hs 
2g 


and since K = J, LeConte on page 99 states: ‘“‘When a sudden 
enlargement exists in a pipe line the loss can be entered the 
energy equation by means of the expression 


— 0»)? 


2g 


without the use of a coefficient K.”’ 

In general, in the case of a centrifugal-pump coefficient, K ap- 
pears to be less than unity, depending on the design of the 
pump in question. 


where d and L are in feet, v in feet per second, and » is the kine- 
matic viscosity in foot-poundal-second units. 

It was noticed by the author that the values of f — (vd/v) as 
given by the Stanton-Pannell curve are somewhat low when 
used for commercially smooth pipes, and he therefore plotted 
values of f against vd/»v for the turbulent flow from the data of 
various experimenters (Fig. 9), and drew his own average curve 
which satisfied an equation of the form: 


vd 0.167 
v 


Substituting this in Equation [30], 


This equation holds for any liquid flowing in a straight, com- 
mercially smooth circular pipe, and it may be noticed that no 
variable coefficient is introduced, since the coefficient and ex- 
ponent are constant for any one type of surface. 

The effect of roughness or curvature of the conduit, as indi- 
cated by various experiments, changes the slope of the f— oi » 
curve, and consequently the method employed by Williams and 
Hazen in their tables in increasing the coefficient of friction to 
take care of roughness without the increase of the exponent, 
incorrect. 

Stanton, Gibson, Durand and others show that the roughness 
of a conduit increases the exponent n of the Reynolds’ formula 


hy = 0.167 »-170 


L vd 

d 2g v 

. For streamline flow — < 2000 and Equation [30] becomes 
v 
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Hence the case of the centrifugal pump with a revolving impeller 
having curved vanes and a volute casing could be approximated 
to that of a rough pipe, and the use of an exponent 2 with a 
constant coefficient similar to the Reynolds’ equation was justi- 
fied in opinion of the author. 

Even if the exponent were less than 2 it would be higher than 
that in Williams and Hazen’s formula, and the variation would 
be much smaller than claimed by Professor Angus. 

On the other hand, assuming according to Professor Angus 
a 10 per cent variation in the coefficient of friction for half of 
the rated capacity, the friction loss for the above example 
(Table 2) at 300 gal. per min. would be 1.9 & 0.90 = 1.71, and 
the corresponding shock loss would be 16.80 + (0.10 * 1.9) = 
16.99, a difference which could hardly be detected when plotted. 
The capacity on the right side of the point of maximum efficiency 
seldom extends farther than 50 to 75 per cent of the rated one, 
and consequently the variation would be negligible and in general 
much smaller than claimed by Professor Angus. 

The real difficulties actually experienced by the author were 
due to excessive leakage and to “cut-off” phenomena, and he 
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expected that among the discussions submitted there would be 
some comments on these points. 

The leakage between the impeller and casing wear rings, if 
not excessive, can be taken care of by using two approximations 
and by moving the point of maximum hydraulic efficiency some- 
what to the left from the point of maximum pump efficiency. 
If the results are still inconsistent, the influence of the short- 
circuit losses makes the analysis impossible unless the amount 
of leakage can be estimated. 

By “cut-off” is meant a sudden drop in head, efficiency, and 
usually horsepower, which takes place when the inlet of the 
impeller becomes too small for a given flow and the pump be- 
comes choked. No matter how wide the valve on the discharge 
of the pump is open, the capacity stays constant. It is evident 
that the equation of a parabola in the neighborhood of the 
“cut-off point” will not hold as a different law enters, and these 
points should be disregarded when determining the numerical 
values of Equation [21]. 

In conclusion, the author must state that this method of 
determining losses has been of great assistance in his practice. 
It has consistently indicated the correctly designed pumps and 
enabled him to reason out the cause of failure of pumps which 
otherwise could probably never be determined. 
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A Method of Analyzing the Performance 
Curves of Centrifugal Pumps 


Development of Analytical and Graphical Methods of Determining Correction Factors from 
Test Curves for Use in Bringing Theoretical Pump Equations into Harmony 
with Practice 
By JOSEPH LICHTENSTEIN,! ELIZABETH, N. J. 


tions on the one-dimensional theory, which assumes a 

frictionless fluid flowing through an impeller with an 
infinite number of blades. It is evident that the results of this 
theory cannot well conform with actual practice where the 
number of blades is small, and where friction and a turbulent 
flow of water are encountered. Attempts to introduce a theory 
better adapted to the actual pump design have been made. 
Professor Lorenz has developed a two-dimensional theory (Neue 
Theorie and Berechnung der Schaufelrader), and Professor 
Prasil of Zurich has published a three-dimensional theory (Ueber 
Flissigkeitsbewegungen in Rotationshohlraumen, Schweizerische 
Bauzeitung, 1923). 

The pump designer rarely uses these theories. Not only 
because they are more complicated and not so general as the 
classical theory, being based on certain profiles which would 
limit the engineer in his designs, but especially because they 
are also based on a frictionless, non-turbulent flow, a supposition 
far from reality. The results obtained by employing these 
theories would therefore not be in correspondence with actual 
practice. It is therefore best to keep to the simple and most 
general, classical, one-dimensional theory, and to use it more 
as a guide indicating the general laws by which centrifugal 
pumps are governed, and with the understanding that its nu- 
merical results will have to be corrected by factors determined 
by means of actual experiences and tests. It is the deduction 
of these factors which is the task of this paper. Ordinarily the 
pump designer does not have the opportunity of measuring 
these factors directly, and besides, direct measurement, if 
not impossible, is at least very difficult. It will therefore be 
necessary to find an indirect method, using tests with which every 
pump manufacturer is familiar. These tests are the ordinary 
performance curves, capacity-head and brake-horsepower curves 


for constant speed. 


Orr practice still bases its calcula- 


CorREcTION Factors 


It is also necessary before proceeding to decide what kind of 
factors are to be used in order to bring in correspondence theory 
and practice. Two values can always be brought into equality 
by multiplying one with a numerical correction factor. What 
the centrifugal-pump designer needs is a set of factors which 
are general and independent of the special design of pumps. 
This can only be the case if each factor is not merely a numerical 
value, but has a real physical meaning expressing the real reason 
for the difference between theory and practice. In the present 
study the author will use the following five correction factors 
which are to be deduced from the ordinary performance curves. 

1 Hydraulic Efficiency is the ratio between the effective 
head and the total created head of the impeller. If we wish this 
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hydraulic efficiency to be a physical reality, it is necessary that 
our theory shall really indicate the total created head of the 
actual pump. But we know that the equation of the total head 
in the one-dimensional theory indicates a far greater head than 
the actual pump creates. We shall therefore have to change 
the classical theory and introduce into it those physical factors 
which are the reason for the lesser action of the real pump. 
These factors are as follows: 

2 Real Angle of Water Leaving Blades at Exit. Centrifugal- 
pump designers have long known that in the actual pump 
the water does not leave the blades tangentially, as assumed 
in the one-dimensional theory, but at an angle always smaller 
than that of the blades. The author will not discuss here the 
probable reasons for this fact. Possibly the principle of least 
resistance plays a certain role here. But whatever reasons may 
be involved we must take this fact into consideration. It is 
one of the material reasons for the deviation between theory and 
practice, and a knowledge of the water angle for every given 
blade angle is of great importance for the centrifugal-pump de- 
signer. By means of the method about to be described, this 
leaving angle of the water may be determined from ordinary 
pump performance curves. 

3 Whirl Component at Exit. This is a physical factor taking 
into consideration the definite number of blades in the real pump 
rather than the infinite number of blades assumed in the classical 
theory. It has been introduced by various authors, especially 
in the hydrodynamic studies of Kucharski in his Movements 
of a Frictionless Fluid, Munich and Berlin, 1918, and Move- 
ments in the Rotating Channel, in Zeitschrift fur das Gesamte 
Turbinenwesen, 1917, The Steam Turbine, by Stodola, fifth 
edition, and The Centrifugal Pump, by Pfleiderer, Berlin, 
1924, in which the idea has found a special application to cen- 
trifugal pumps. To explain the idea briefly, a centrifugal 
pump with a small number of blades can only transfer energy 
to the water if there is a difference of pressure between the acting 
and non-acting sides of the blades. This is only possible if the 
velocities on the acting side of the blade are smaller than on the 
opposite side. For the main flow of water through the impeller 
this is not possible if the blade thickness is assumed to be negli- 
gible. It is therefore necessary to combine with this main 
flow another flow of water rotating within the blades and in a 
direction opposite to the rotation of the impeller (see Fig. 1). 
This is the whirl flow. On the acting side of the blades this 
whirl flows counter to the main flow, thus reducing the resultant 
velocity, while on the non-acting side the opposite is the case. 

At the periphery of the impeller the direction of the whirl 
is opposite to the rotation and therefore its velocity is opposite 
to the component of the absolute velocity in the tangential 
direction. This component of the absolute velocity is therefore 
reduced by the whirl component, as is also in consequence the 
moment given to the water by the blades. It is this whirl 
component which will have to be deduced from tests. The 
influence of this whirl component is not as great as it seems to 
appear in the studies of the above-mentioned authors, for the 
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reason that these authors do not take in consideration the 
difference between the leaving angle of the water and the blade 
angle. They therefore introduce into this correction factor the 
influence of both, which makes the whirl component appear 
larger than it is. 

4 Rotation Component at Entrance. The classical theory 
does not neglect this factor, but practice generally does in as- 
suming a “normal” entrance, the absolute entrance velocity 


Fig. 1 


being taken normal to the circumferential velocity, in order to 
simplify the equations. But as an existing rotation component 
at the entrance would diminish the total created head, we cannot 
neglect it. Such a rotation of the water probably exists already 
in the suction pipe of the pump and the contact of the water 
with the rotating parts, pump shaft, and hub of the impeller 
will tend to increase this component. At least we shall introduce 
this rotation component in our equations, and the analysis of 
given tests will show if such a rotation exists and to what extent. 

5 Case Factor. The factors mentioned in 1, 2, 3, and 4 are 
correction factors for the impeller alone. But the impeller alone 
does not determine a pump for given conditions of capacity 
and head at the point of highest efficiency. It is the case or the 
volute which determines this and it will be shown later how 
mathematically the volute and impeller are connected together 
for given conditions of capacity and head. For certain con- 
ditions the case is not arbitrary but theoretically determined, 
and it is necessary to introduce a case factor to bring in accord- 
ance the theoretical calculation of the case with actual experience. 
The definition of this case factor will be given later in the paper. 

The knowledge of factors 1 to 5 for a series of pumps will 
enable the pump designer to calculate a pump for any condition 
with a high degree of accuracy and to answer any questions 
which may arise in the pump practice, such as changing the 
impeller in a given pump, changing the volute for a given im- 
peller, or turning down the blades of a given pump. 

It is now in order to develop the equations on which the analy- 
sis will be based. The following abbreviations will be used. 


H = total head created by impeller 
h = actual head measured. 
u; = peripheral velocity at entrance of impeller 
u. = peripheral velocity at exit 
C; = absolute velocity at entrance 
', = absolute velocity at exit 
Cu. = projection of absolute velocity on u; 
Cuz = projection of absolute velocity on uz 
Cr = radial component of absolute velocity at entrance 
Cz = radial component of absolute velocity at exit 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ll 


angle between absolute velocity and u 
angle between relative velocity and u 
= specific gravity of the liquid 
acceleration of gravity. 


i il 


THe EQuaTION oF THE ToTaL HEAD 


The equation of the total head in the classical one-dimen- 
sional theory is 


1 
H = 9 (u2C {1} 


Figs. 2 and 3 show the exit and entrance diagrams representing 
Equation [1]. Generally it is assumed that a, = 90 deg. or 
Cu: = 0, whence, from Fig. 2, 


or 


and 


2? 
g u, tan Be 


Cz represents the capacity, as the capacity only differs from | 


Cy. by a constant—the exit section of the impeller. Assuming 


4 
} 
é 
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that for various capacities or various diagrams $2 remains | | 


constant, it follows from Equation [1] that the total-head 
capacity characteristic is a straight line. 


ASSUMPTION 


The only assumption made in this connection is that in an 


actual pump the total-head-capacity characteristic is also a straigh | 


line. This assumption is well based on experience and on 
tests of various types of centrifugal pumps. Taking now 


into consideration C,; and introducing in the exit diagram the 2 


whirl component uw, Fig. 4 results. Here 0,B,C; is the theoretical 
triangle for an infinite number of blades. 
component, and 0,A,B, the real triangle. The whirl deviates 
the relative velocity opposite to the rotation, and decrease 
the component of the absolute velocity by uw. AzC: is parallel 
to uz because the capacity and therefore C,: is not changed bY 
the whirl component. Fig. 5, O,A:B,, is the entrance diagram 
and the initial equation for the total head is again 


= is the whirl 
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HYDRAULIC SECTION 


where Cy2 represents the component of the absolute velocity of 
the real pump, and the component is smaller compared to the 
theoretical one by uw. 

According to the assumption made above, Equation [1] 
for various capacities must be a linear function. This will 
be the case if the points A, and A, of the diagrams, by varying 
C, will describe themselves straight lines, because then C,, 
will be a linear function of Cy, and Cy. a linear function of 
(., and the connection of both by Equation [1], a linear func- 
tion itself, will remain linear. This condition of A; and A, 
describing straight lines is surely sufficient as it would be highly 
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improbable that A; and A; would describe curves symmetrical 
to a straight line so that their sum would be a liner function. 

Another consideration which fixes the straight lines described 
by A, and A, is the point of the characteristic where the total 
head is zero. For this case we have a purely radial flow through 
the impeller without transfer of energy from the blades to the 
water. The whirl at the exit must, therefore, be zero as also are 
Cu, and Cy. It follows that for this point of H = 0, the exit 
diagram (see Fig. 4) must be O,F,B,, and therefore, the straight 
line described by A: must intersect the axis of ordinates in F;. 
The entrance diagram for this point is O,B,£, and the straight 
line deseribed by A; must intersect the axis in EF. 

It is now possible in our system of coordinates (see Figs. 4 
and 5) to develop the equations for the straight lines described 
by A; and Ag. 

In the exit diagram, Fig. 4, the straight line of A; starting 
from E; intersects the uz axis in D,. Call O.D, = us’ and use 
this value as the unknown representing the whirl, for, knowing 
us’, we know the whirl component uw in every diagram. From 
the similar triangles A;F,D; and 0,D,E:, it is seen that 


Cre Cuz 


O.R, = tan Be 


Cr 
Cuz = U2’ | 1 — ——]....... 
( 


In the entrance diagram, Fig. 5, the radial velocities C,; and 
Cz are connected together by the equation of continuity 


CuF; = CrF 


therefore, 


where 


F, = section at entrance of impeller 
F, = section at exit of impeller. 


For the point H = 0 the radial velocity at the exit is 
Cr2(ex-) = 0.E, = uz tan Be 


and at the entrance 


Cri(ent-) = O,E,; = uz tan 

PF, 

The straight line followed by A; intersects the u; axis in D, 

and O,D, = u,’ will be taken as the unknown characterizing the 

entrance rotation, for, knowing wu, Cu: is known for every 
diagram. 

It follows from the similar triangles A,F,D; and O,E£,D, that 


Cn uy’ 


or 


Substituting these values in Equation [1] equation of the total 
head reads; 


g tan 


For H = 0, Cr = tan 


For Cr = 0, H = 


In analyzing a test, ue’, u,’, and tan 8, are to be considered as un- 
known and have to be determined by other conditions which 
it is the author’s purpose to develop. 


Tue Hypravtic Erriciency 


The hydraulic efficiency is the ratio between the measured 
head A and total head H. 


In a given test / is a given function of C, and H is determined 
by Equation [4]. The hydraulic efficiency is therefore a func- 
tion of C, also, and is a maximum when 


aC, =0 
dh dH 
des aC, dC, 
dC, H? 
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and it follows for the maximum condition that 


dh dH 
i ——h 
dC, dc, 


dH /dC, is the tangent of the angle which the total-head straight 
line forms with the positive C, axis, Fig. 7, while dh/dC, is the 
tangent of the angle which the tangent to the characteristic 
curve at the point of maximum hydraulic efficiency forms with 


the positive C, axis (Fig. 7). Therefore 
dh h 
=e T = 
aC, AP 

and 

H h 
H-AP  h-AP 
or 


AP = AP 


It is thus seen that the tangent to the characteristic curve at the 
point of maximum hydraulic efficiency intersects the Cy axis at 
the same point as the total-head straight line, which point is C,o = 
U2 tan Bo. 

If by some other condition we determine the point P we can 
project from P the tangent to the characteristic curve and thus 
find the point of maximum hydraulic efficiency. In order to 
find this other condition, we shall have to use another curve 
obtainable from tests, namely, the brake-horsepower curve. 
Therefore, for the purpose of comparison, it will be necessary to 
develop the equation of the total hydraulic energy received by 
the water from the blades. 


Tue Totrat Hypravtic ENERGY 


If in Equation [4] we multiply the total head by the capacity, 
we obtain the equation for the total hydraulic energy. It is 
desirable to express this energy in horsepower as it will have to be 
compared with the brake-horsepower curve. Calling the total 
energy E., then 


= cyQH 


where c = constant for expressing the energy in hp. 

y = specific gravity of liquid, and 

Q = capacity per unit of time. 
Taking Q = F, X Cand inserting the value of HW from Equation 
[4] in the above expression will give 


, 
g U2 tan B2 


Equation [5] is a parabola; EZ; = 0 where C, = 0 and also 
where C, = uw. tan 2. This parabola intersects the C, axis at 
the same point as the total-head straight line. 
The total-energy curve has its maximum when 
dE; 
dc, 


dC, g Uz tan Be 


It therefore follows that the maximum is reached when 


The maximum of the total-energy curve is reached at a capacity 
which is half the capacity at which the total created head is 


zero. This fact is important and will be made use of later. 


CoMPARISON BETWEEN BRAKE-HORSEPOWER CURVE AND TOTAL- 
HypravuLic-ENERGY CURVE 


The brake horsepower is the energy input into the pump. 
It has to cover the total hydraulic energy created and the friction 
losses of a mechanical nature such as the disk friction and the 
friction in the stuffing boxes and bearings, leakage for the moment 
being neglected. The leakage in a centrifugal pump is usually 


£ 


Fig. 7 


very small. In the first attempt at analyzing a test curve 
the leakage cannot be considered as we do not yet know the 
diagrams of the pump and so are not able to calculate the static 
pressure at the exit of the impeller, which determines the leakage. 
We must, therefore determine our diagrams first without con- 
sidering leakage. With these diagrams we can determine the 
leakage and in a second attempt can analyze our test curves, 
taking the leakage into consideration, as will be shown later. 


Letting Es = brake-horsepower input into the pump 
E, = total hydraulic energy, and 
Er = sum of mechanical exterior friction losses, 


follows from the above statement that 


in which Zz is a function of C,, given by test; Z; is a function 
of C,, given by Equation [5]; and Ee is constant and inde- 
pendent of C,. 

The exterior mechanical friction losses are dependent only 
upon the speed, which in the tests is kept constant. The friction 
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on the side walls of the impeller, in the bearings and stuffing 
boxes can surely have no relation whatever to the capacity of 
the pump. 
If we now differentiate Equation [7] we obtain 
dEx dE, 


dC, dC, 


and we conclude from Equation [8] that 
For any point of capacity the tangent to the brake-horsepower 


| 
| 
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curve and the tangent to the total-hydraulic-energy parabola are 
parallel. 

Equation [8] holds only valuable for a limited range around 
the points of maximum hydraulic and total efficiencies. Where 
the capacities are small it is known that besides the main flow 
there is a secondary flow of the water which acquires energy 
that is not independent of the capacity. Therefore another 
element enters into Equation [7] that is dependent on the capacity 
and so Equation [8] loses its value. It is interesting to note 
that when we come to determine the parabola of the total 
hydrauli¢ energy we shall be able at the same time to determine 
this range of secondary water movements in the impeller. 


Tue Torat EFrriciency 


The total efficiency is a known value, obtained by tests as a 
function of the capacity. But its maximum is sometimes 
difficult to determine exactly as the efficiency curve is often very 
flat at the maximum. It is, therefore, desirable to obtain a 
method by means of which this point of maximum efficiency 
can be determined with greater precision. 

By definition, the total efficiency is 


cyQh 
Es 


cyQh is the so-called water horsepower or the amount of energy 
in hp. which the water effectively possesses when leaving the 
pump. 


Calling the water horsepower Ew, then 


Ew is a given function of the capacity. We can obtain this 
function graphically by multiplying at every point the capacity 
by the head of the characteristic curve at that point and by a 
constant to express the result in horsepower. Ez is a given 
function of the capacity-b.hp. curve. 


d 
Che maximum of is reached when = = 
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HYDRAULIC SECTION 


HY D-50-3 


des 
— 


dc, Ex? 


It follows, therefore, that 


1 1 dEw 
Ep aC Ee 


Similarly as in the case of the hydraulic efficiency, the above 
equation states that: 

At the point of maximum total efficiency the tangent to the b.hp. 
curve and the tangent to the water-hp. curve intersect in a point 
lying on the C, aris. 

Knowledge of this fact will make it possible, in case of 
necessity, to determine more exactly the point of best total effi- 
ciency. See Fig. 

GRAPHICAL DETERMINATION OF THE TOTAL-HyYDRAULIC-ENERGY 
PARABOLA 


Sufficient conditions have now been developed to make it 
possible to determine from the given test curves the parabola 


Fia. 9 


of the total hydraulic energy and in consequence the total- 
head straight line. The author will divide this problem into 
two parts. 

(a) The Brake-Horsepower Curve Hasa Maximum. In this case 
and in consequence of Equation [8] it is known that the parabola 
of the total hydraulic energy has its maximum at the same 
capacity as the b.hp. curve and intersects the axis at twice this 
capacity. 

Calling the radial velocity at the point of the b.hp. maximum 
Crm, then Equation [6] gives 


Com tan Be 
2 
2 ’ Cre 
U2 


Equation [9] makes it possible to determine the real angle 
with which the water leaves the blades. 

Knowledge of the location of point P allows now the drawing 
of a tangent to the given characteristic curve, and the point 
where this tangent touches the curve is the point of maximum hy- 
draulic efficiency. 

From the parabola of total hydraulic energy we know now 
the chord OP and the C, at which the maximum is attained. 

The parabola is completely determined if we add another 
condition due to Equation [8] when we choose the direction of 
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the tangent at another value of C, of the parabola. For this 
we may choose the tangent m-m on the b.hp. curve at the point 
of highest total or hydraulic efficiency, to which the correspond- 
ing tangent of the parabola at the same value of C, is parallel. 
From the analytical geometry of the parabola we now recall 
the following statements (see Figs. 10 and 11). 

1 A diameter HQ of the parabola bisects all chords OA 
which are parallel to the tangent m’-m’ at its end point E so 
that OB = BA (see Fig. 10). This statement allows us to 
obtain the point A of our parabola if we draw OA parallel to the 
tangent chosen on the b.hp. curve and make OB = BA. 

2 To obtain other points of the parabola the construction 
given in Fig. 11 may be employed. Given a chord OP of the 
parabola normal to the axis and a point A. Erect PR and AQ 
perpendicular to OP and draw OAR and QR. If we draw 
A,Q, perpendicular to OP and Q,R; parallel to QR, then the line 
OR, will intersect the line Q:A; in the point A; of the parabola. 

From the parabola the total-head straight line may be found 
by dividing at any point of EZ; by a constant and C, as shown 
previously. The ratios between the characteristic curve and 
the total head H gives the curve of hydraulic efficiencies and 
its maximum at the previously determined point. The difference 
between 2s and E; at any point, for example, at the maximum 
total efficiency, gives the external friction losses. If we add to 
the total energy of the parabola this amount of friction losses, we 
obtain a curve which is the b.hp. curve at the maximum effi- 
ciencies. This curve deviates from the b.hp. curve obtained by 
test at the origin of the characteristic and the differences between 
the two curves gives the energy of the secondary movements 
in the impeller. The intersection of the straight line of the 
total head with the axis of ordinates gives us the value (1/g) (u2u2’ 
uju,’). 

Analytical Solution. Instead of constructing the parabola 
geometrically, we can of course calculate it analytically. Calling 
C,m the radial velocity at the point where the b.hp. curve has a 
maximum and C,; the radial velocity at the point of highest 
total efficiency, then Equation [5] below gives the parabola. 


g tan 


and 
dE, U2U2’ — 
dC, ( g ) ( tan 
dE 
for Ce = = 0, hence tan = 
dE, 
for C, = Cr, ic. 


where + is the slope of the b.hp. curve at the point of best 
efficiency 


— SC. 
g 
ue 


Ue 
therefore 
1 
Crm 
and 


Equation [10] gives the parabola of the total hydraulic energy 
if C-m, C,, and 7 are known from the test. 

From Equation [10] the equation of the total-head straight 
line H may be derived: 


E: ( ) 
H = = 1 — 
also, for C, = 0, 


(12) 
C, 
cyF; (: 


(b) The Brake-Horsepower Curve Has No Maximum. In 
principle this case does not differ from the previous one. We 
used the knowledge of the direction of two tangents to the 
parabola and instead of employing the horizontal tangent as 
before we must employ in addition to the tangent at the point 
of maximum total efficiency, another tangent, as for example, 


3 


Fig. 10 
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at the point of maximum hydraulic efficiency. If these points 
are too close together, any other point on the b.hp. curve where 
the secondary movements have not influenced it as yet, may be 
used. 

Graphical Solution. Knowledge of the directions of two 
tangents on the parabola makes it possible to determine two 
points of the parabola AA, as previously described. In order 
to find the intersection of the parabola with C, axis, use the 
construction indicated in Fig. 12. Make Q.B, = Q,B, and 
connect A; with B,. The line A,B, intersects the C, axis at 
the characteristic point P. Thus this problem is broug)' 
back to the graphical solution of the previous one. 

Analytical Solution. Calling the radial velocities at the two 
points where the tangents are known C,, and C,, and 7; and 
ts the tangents of the angles which these tangents respectively 
form with the positive C, axis, then the following conditions 
obtain: 
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1E 

For C, = Ci, 3 = 
_ dE; 

for C, = Cra, aC. = Th 


— =<, 
g tan Be 

UsU2’ — 2 Cu 
g U2 tan Bo 


Fig. 12 
Te tan Be 
Th 2 Cra 
tan 
from which 
2 ~ ca) 
Th 
tan = . . [13] 


Equation [13] gives the leaving angle of the water. 


g 1 2¢ rt 


tan Be 


and tan 82 of Equation [13] gives 


F.C, 
TA 


HY D-50-3 


~I 


cu) 
Th 
Also 
c 
Th 
1 
C4 
Th 


DETERMINATIONS OF THE VALUES OF U;' AND tg’ 


From the analysis so far developed we can obtain the value 
of the expression wis’ — uu’, but as yet no method of separately 
determining u;’ and wu,’ has been given. For this another con- 
dition is required and therefore the following assumption, 
which is well founded both theoretically and practically, will be 
made. 

Assumption. At the point of maximum total efficiency the 
water enters the blades without shock; in other words, the 
water enters the blades tangentially at the angle 8, which is 
known from the design of the pump. This determines u,’ com- 
pletely. 

In laying out the entrance diagram (Fig. 13), 8; is known and 
the radial velocity at the entrance for the point of maximum 
total efficiency is Cy, thus determining the triangle OA,B, 
and C,;. From the analysis OFZ, is known: 


F. 
OE, = tan B2- — 
PF, 


Connecting FE; with A; we obtain D; and u,’, and from similar 
triangles we obtain 


Crt 
ui 
Crt wl tan Bi 
et — 
tan B2 F, 
and 
Crt = Crt 


Where C,, is the radial velocity at exit, 


Cr+ Fe 

tan 
Cr 

= U2 tan 


Knowing u,’ from our analysis and ————————,, the value of 


g 
uz’ is of course determined, and with it the exit diagram and C.2 
(see Fig. 14). We know from our analysis #2, uz’, and Cs, the 
radial velocity at the point of maximum efficiency, and thus 


obtain C2 and the real whirl component uv. 
From similar triangles 


Uw _ tan — Cr 
Uz — U2’ tan 
Cr 
(us ) ( tan 4 


and C.. is given by: 
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. Cray Exit angle of the blades 82’ = 20 deg. 
1 tan 2: _ Entrance angle of the blades 6, = 15 deg.; tan 8; = 0.2679 
hence 
j 11 
Cu = u l Crs [19] = = §2.7 ft. per sec. 
u 2 Us tan Bo 


At the beginning of the paper reference was made to The 
Centrifugal Pump, by C. Pfleiderer (Berlin, 1924, Julius Sprin- 
ger). In this work Herr Pfleiderer develops the following formula 
for the whirl component u.: 


_ 8.5 X 82.7 


= = 42.55 ft. per sec. 
16.5 


uy 


The b.hp. curve has a maximum at a capacity of 2500 gal. per 


13 Fia. 14 Fia. 15 
gr?’ H min. = 5.54 cu. ft. per see. The corresponding radial velocity 
ash 2Sus at the exit is: 
5.54 
where Y = a dimensionless constant Com = 0509 ~ 10.89 ft. per sec. 


z = number of blades 


ro = impeller radius at exit, and 
S = static moment of average streamline in the impeller. 
S -f rdz (see Fig. 15) 
n 
— 
forC, = 0, H = Gal Be = Us — U2’, 
g 
therefore 


2S U2(U2 — U2’) 
— 


Equation [20] will enable us to deduce from our tests the value 
of y. Incidentally, it would be highly interesting to determine 
from a series of tests whether y is a real constant independent 
of the design of the pump. 

The analysis of the impeller being completed we are now able 
to take in consideration the leakage by calculating it from 
diagrams developed after known methods.? But, before pro- 
ceeding we shall analyze a pump by the methods that have been 
developed. 


GRAPHICAL ANALYsIS OF A 10-IN. BETHLEHEM CENTRIFUGAL 
Pump TEstTeED aT 1150 R.p.M. 


Referring to Fig. 16, the characteristic curve h, the b.hp. 
curve Ez, and the total efficiency curve 7: are obtained by test. 
The pump has the following dimensions: 


Exit diameter = 16'/: in. 
Entrance diameter D, = 8'/2 in. 
Exit section F, = 0.509 sq. ft. 


Entrance section F, = 0.466 sq. ft. 


? It is known from the theory of centrifugal pumps that the leakage 
varies with the capacity as a flat ellipse. We could calculate this 
ellipse and from that design the new characteristic curve, and repeat 
the whole analysis. However, the author will not go into the details 
of this correction as it would reveal nothing new. 


From Equation [9] we therefore obtain the leaving angle of 
the water at exit. 


2 X 10.89 


anh = 0.263 
82.7 


This angle is approximately 14 deg. 45 min. as compared with 
the 20 deg. of the blades. The maximum hydraulic efficiency 
occurs at the capacity where a line from the characteristic point 
P is tangent to the characteristic curve h. This capacity is 
1940 gal. per min., whereas the maximum total efficiency occurs 
at the capacity 2000 gal. per min. With the line m-m tangent 
to the b.hp. curve at the point of maximum total efficiency 
the parabola E; has been constructed according to the method 
previously described. The difference between this parabola 
and the b.hp. curve at the point of maximum total efficiency 
is 9 hp., which is the value of external friction lesses. The 
horizontally shaded field between the parabola and the b.hp. 
curve indicates the range of secondary movements and the hp. 
needed at every capacity for these movements. The total- 
head straight line H is obtained if one point is deduced from the 
parabola, as, for example, the point of maximum hydraulic 
efficiency. At this point Z; = 51 hp., and therefore H = 
3960 < 51/1940 = 104 ft. 

The head A at this point = 94.5 ft., so that the maximum 
hydraulic efficiency is n, = 94.5/104 = 0.907. The straight 
line intersects the axis of coordinates at a head of 170 ft., so that 


= 170 ft. 


The vertically shaded field between the total-head straight 
line H and the characteristic curve h gives the amount of the 
hydraulic losses, and the ratio between the two gives the hy- 
draulic-efficiency curve. 

The point of maximum total efficiency is at 2000 gal. per min. 
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= 4.43 cu. ft. per sec. The corresponding radial velocities at 


entrance and exit are: 


4.43 

Cr = — = 8. 

2 = 0500 8.71 ft. per sec 
4.43 

1 = — = 9.5 ft. per sec. 
0.466 


For the entrance and exit diagrams, 
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Uw = (82.7 


8.71 
— 72.3) = 6.25 ft. per sec. 


and from Equation [19] 


8.71 


Ca = 723 (1 
( 82.7 0.263 


) = 43.4 ft. per sec. 


Using these values, the entrance and exit diagram has been 
drawn as shown at the left in Fig. 16. 


X 0.263 


_ 32.2 X 170 + 11.8 X 42.55 
82.7 


> 


= 72.3 ft. per sec. 


> and the real whirl component as given by Equation [18] 


OE, = w X tan 6: = 82.7 X 0.263 = 21.8 ft. per sec. To calculate the constant ¥ of Equation [20] we note that the 
70 
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: 0.509 number of blades z = 9. The static moment of the average stream 
OE, = 21.8 XK —— = 23.8 ft. per sec. li “ 
0.466 ine 
» and Equation [17] gives the following value of u,’: clit i rdz = 0.17315 sq. ft. 
whence n 
= = 11.8 ft. per sec. 


CONNECTION OF IMPELLER AND CASING 


Having completed the study of the impeller, it is now necessary 
to study the second element of the centrifugal pump, the casing, 
and to develop the equations which connect the case to the im- 
peller. 

It has been shown that for a given impeller with given 
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speed the total-head straight-line characteristic can be 
completely determined without taking the casing surrounding 
it into consideration. It has also been shown that the real 
characteristic curve has its maximum hydraulic efficiency 
where the tangent drawn from the characteristic point P touches 
the curve (see Fig. 17). This tangent P-E to the characteristic 
curve is nothing else but the total-head straight line of the im- 
peller for a hydraulic efficiency constant and equal to the maxi- 
mum hydraulic efficiency of the characteristic curve. The 
hydraulic efficiency of the real characteristic varies. Any 
straight line from P represents a total-head characteristic of 
the impeller for a certain constant hydraulic efficiency ranging 
from efficiencies of 100 per cent to zero. Such a straight line 
must intersect the real characteristic curve in the two points 
where the hydraulic efficiency corresponds to the value of this 
line. For the maximum hydraulic efficiency the corresponding 
straight line must be tangent to the characteristic curve, as 
there is only one point of the real characteristic which has this 
efficiency. 

In enclosing a given impeller in different casings we know from 
experience that the characteristic curves are different and so 
are the capacity and head at which the maximum hydraulic 
efficiency occurs. But the value of this maximum hydraulic 
efficiency does not change over a wide range of different casings. 
It follows, therefore, from the considerations stated above that 
all these different characteristic curves must have the same 
straight line as a tangent but touching them at various points. 
This is a fact well proved by actual experience. The casing 
determines the point of the straight line at which the real char- 
acteristic will have its maximum hydraulic efficiency. It is 
quite evident that for the real pump the casing is of enormous 
influence and that for a given impeller different cases may 
create various shapes of characteristics and various points 
of capacity and head at which the hydraulic efficiency will be 
maximum. It is therefore necessary to develop the equations 
which will determine for a given impeller and case the capacity 
and head at which the hydraulic efficiency will be maximum. 

For a given impeller rotating at a certain speed, we, u2’, and 62 
of the exit diagram are fixed. The exit diagram for the point 
of maximum efficiency could be completed if we knew the angle 
a, which the absolute velocity makes with wu. The casing, 
therefore, determines this angle. 

From the general theory of the centrifugal pump we know 
that the flow of water in the casing, after leaving the impeller 
is governed by the equation: 


where r is the distance of the particular molecule of water from 
the axis and C, the component of its velocity in a tangential 
direction. Equation [21] is that of a hyperbola which has the 
axes of ordinates and abscisses as asymptotes. At the exit 
of the impeller r = r. the impeller radius, and C, = C.2 as given 
by the exit diagram, so that 


If the largest section of the volute is given, Equation [21’] 
affords a means of calculating at every point of the head PP’ 
(Fig. 19) the corresponding C, and thus obtaining AB as the 
curve of velocities. These velocities are theoretical. In 
reality friction and other reasons reduce these velocities, so 
that the real velocity curve under which the capacity flows in 
the case is AB’. 

Taking now an element dF of the volute area at the radius 
r and C,,; its corresponding theoretical velocity, from the curve 
AB, the corresponding effective velocity Cue is obtained from 


the curve AB’. The real capacity Q flowing through the case 
is then given by the equation 


Q = 


The same integration with the theoretical velocities 


3 
dFC 


would give a capacity larger than the real capacity. 


Fig. 18 
Tue CasinG Factor 


The ratio of this theoretical capacity to the effective capacity 
is now taken as a casing factor, or 


The analysis of the impeller allows us now to deduce from 
the tests this factor K. The capacity at the point of maximum 
hydraulic efficiency is known and from the exit diagram Cu 
is obtained, therefore the curve AB, determined from the pum; 
dimensions, is the largest volute section. Therefore fdFC. 
can be determined, if not analytically then always graphically 
and thus the factor K be found. In the example given, the 
capacity at maximum hydraulic efficiency was 1940 gal. pe 
min. = 4.3 cu. ft. per sec., and Cuz was found to be 43.4 ft. pet 
sec. The graphical integration of {dFC.: gave 6.25 cu. ft 
per sec. 

Therefore 


K = — = 1.45 
4.3 


When calculating the largest volute section for a new pum) 
we calculate with the theoretical curve AB and with a capacit! 
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K times larger than the real one. Having found this largest 
section we introduce the effective-velocity curve AB’ so that the 
integration over the known largest volute section gives the effec- 
tive capacity. We are thus able to determine all the other 
sections around the volute. 

Returning to the problem of connecting impeller and casing, 
we have to introduce the one element common to both, and this 
is the flow through impeller and casing at the point of maximum 


~ 


- 
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efficiency. Leakage makes the flow 
through the impeller somewhat larger 
* than through the casing. 
Calling Q now the flow passing the 
casing, we then have at the exit of the 
impeller 


D Q + = 


@ is the ratio between the free exit 
section and #D,W, D2, and W as shown 
r in Fig. 20. If we put 

Q + _ 
Fic. 20 Q 


where ¢« = coefficient of leakage, then 


-D.-W-Cr 
[23] 


€ 


The capacity through the case is given by 


1 
= 


From Equation [21’] we deduce that 


D 
Ces = = Cuz = = 
r 


» and therefore 


Equations [23] and [24] combined give 
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onrD, WC DL dF 
€ 2K 
and 
= tan = [25] 
dF 


is a purely geometrical value characterizing the largest volute 
section. It can always be found for every shape of volute by a 
graphical integration. We now have all the elements of our 
exit diagram for the point of maximum hydraulic efficiency 
and therefore know C,, representing the capacity, and C.. 
representing the total head. In Equation [19] we found that 


Cr 
(: 
Uz tan 


If Cre = Cu tan a, 


Cuz -t 
tan Be 


hence 


Cuz 


and 


U2’ tan ae 
U2’ tan a» 


Uz tan 


We are now able to obtain the equations for the capacity and 
total head of a given impeller and given casing. 


D, -W u,’ tan a 
€ Up tan ae 
U, tan Be 
— 


U2’ 
— tan a + 


where tan a is determined by Equation [25]. 

Equations [28] and [29] may be used to calculate a new pump 
as well as to determine the capacity and head of a pump of given 
dimensions. They will also be useful in all the many cases of 
practice where for a given impeller a new case is used or, in- 
versely, a new impeller is made for a given case, and where the 
exit angle of an impeller is changed or its diameter is reduced. 
In the latter case, so often applied in centrifugal-pump practice, 
uz and u:’ vary in the same proportion as the diameters and 
Equation [28] shows that the capacities vary as the square of 
the diameters, whereas Equation [29] indicates that the head 
is even reduced a little more than would correspond to the square 
of the diameters. 


CONCLUSIONS 


The discrepancy between the theoretical results of the classical 
one-dimensional theory used in calculating centrifugal pumps 
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and the actual practice, forces us to introduce correction facters 
which can only be deduced from tests. The designer of cen- 
trifugal pumps has at his disposition an abundant amount of 
ordinary performance curves. This paper has shown a graphical 
as well as an analytical method of determining from these test 
curves all the correction factors necessary to bring in accordance 
theory and practice. At the same time these correction factors 
have been introduced into the equations of the classical one- 
dimensional theory, and new equations have thus been developed 
which can be used for calculating new pumps, on the supposition 
that these correction factors are known. 

It should be noted that the analysis presented is based 
mainly on the brake-horsepower curve, and its accuracy stands 
or falls with the accuracy of that curve. Only curves obtained 
by direct measurement of the b.hp. through torsion or electrical 
dynamometers should be used, and it is advisable to measure 
very carefully that portion of the curve around the points of 
maximum efficiency. 


Discussion 


A. F. SHeRzER.’ The early part of the paper‘ states: ‘But 
we know that the equation of the total head in the one-dimen- 
sional theory indicates a far greater head than the pump ac- 
tually creates. We shall therefore have to change the classical 
theory and introduce into it those physical factors which are the 
reason for the lesser action of the real pump.” 

He then lists the following factors which bring about this 
difference: 


1 Change in angle of water leaving the blades 
2 Whirl component at exit 

3 Rotation component at entrance 

4 Case factor. 


It is not denied that any or all of these may have something 
to do with the action of the pump, but they are not by any means 
the sole reason for the lack of agreement between the actual head 
developed and that called for by the equation for the total head 
presented in the paper. Concerning the above four factors, 
which are claimed to represent the reason for the observed lack 
of agreement, I have little to say, except that the difference be- 
tween the angle of the water and that of the blade is so slight, 
if any, that it does little to bring about any agreement. 

The whirl component at exit referred to does not seem at all 
rational, except, possibly, at small rates of flow near shut-off. 
When operating at the point of best efficiency, it probably does 
not exist. There is little direct evidence to show that it does, and 
several carefully made tests to prove that it does not. 

The rotation component at entrance is, in my opinion, always 
present and certainly does increase the head as a result of it. 
It is hard to see how it could possibly decrease the head, as is 
claimed by the author. The use of the case factor is very hopeful 
and, to my mind, entirely correct as a matter of principle. 
The effect of the case has had scant attention in much of our 
pump literature. 

I would take exception to the statement that Equation [1] 
of the paper correctly represents the total head developed by a 
centrifugal pump. This equation 


g 


H = 


3 Associate Professor, Department of Mechanical Engineering, Uni- 
versity of Michigan, Ann Arbor, Mich. 

4 This discussion is intended by the writer to apply also to the 
paper, ‘A New Method of Separating the Losses in a Centrifugal 
Pump,” by M. D. Aisenstein. See paper No. HYD-50-1. 


is often claimed to represent either the action of the water turbine 
or that of the centrifugal pump, provided proper change in no- 
tation is used. As it stands, it is no doubt correct for the tur- 
bine, but does not hold for the pump. The reason for this is 
easily seen to be the fact that, in the turbine, the item u;( 
represents the effect of the angular momentum retained in the 
water at discharge from the turbine runner, and which may, in 
cases, oppose the rotation, while in the centrifugal pump all the 
angular momentum possessed by the water at discharge from the 
runner has been obtained from it. For this reason, the term 
uC. does not apply. This is the real reason for dropping 
the last term, and not, as the author suggests, by reason of the 
radial entrance of the water which is probably never realized in 
an actual pump. 
With the above change, the equation now becomes: 


u2 


g 


H = 
and by application of trigonometry, it may be written in the form 
given by the author in Equation [1] as 

u 


2? Cr 
1 
g u, tan Be 


The writer prefers a slight modification of the above equation 


H = 


and would proceed as follows: 


Cw = C2 cos a and Cz cos ag = Uy w, cos (180° — 3, 
or Cus = us + w: cos By. See Fig. 21. 


Cu2 


Fig. 21 
Now if this value of C.. be substituted in the original equation 


U2* 
— cos = H..... (30 
g 


This is the equivalent of the author’s Equation [1’], but is ina Fy 
form that better illustrates the point the writer desires to mak 

The exact physical meaning of the Equation [30] seems ' 
have been completely lost sight of in our present pump literat ur 
and the conditions under which it may be applied are not ger f 
erally known. That the conditions under which it may be aj 
plied are not those found in the centrifugal pump has also bees 
lost sight of, but can be easily proved. 

The conditions under which the author's Equation [1’], orth 
writer’s Equation [30], hold are as follows: 

1 That each particle of water is introduced at the cente 
2 That the water is free to accelerate radially in 
cordance with the motion given to it by the impeller 
3 That there are no losses due to the flow through tl! 

impeller. 

The second of these is the most important. This requir 
that the water be discharged from the impeller into the atme 
phere, and that there be no case to restrain the water from taking 
on any velocity it may be given by the runner. That is, th 
present theory is a purely kinetic one and assumes that th 
total head is represented by the absolute velocity of dischart 
from the impeller. This is, of course, never realized in an actu® 
centrifugal pump, and hence the theory does not at all agree w" 
the real facts. At first thought, there are probably few ™ 
would agree with the above statement. It will therefore be“ 
interest to submit the following proof. 
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Assume a centrifugal pump, Fig. 22, of a very simple form 
made by inserting two pipes into a small central pipe supplied 
with water from a tank. The pipes may be either straight or 
curved, and we may consider the action of various degrees of 
curvature. Suppose in the first case the arms be radial. 


= } = 


Padia/ Pipe 


Fia. 22 


«2 


I I 
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C.? U2? 
therefore — = —. 
2g g 


Ww: = u2 is directed forward in the same direction as uz, whence 


Cy = 2u. and the total head is: 
C2 2u,? 
29 g 


Apparently, then, the energy given to the water may vary from 


zero to 2u2?/g according to the curvature of the vanes. 
Now considering the application of this to Equation [30], 


U2W2 
H = — + — 
g g 
when £ = 0, .. cos B®: = +1; and since w = w. 
Us” Uy? 
H=— — 
g g g 
This is exactly the value called for by the kinetic theory given 
above. Or, when #2 = 180 deg., cos 8: = —1, and since u; = we, 
2 Us? 
H = — — —=0 
g g 


This again shows the agreement of the kinetic theory with the 
author’s Equation [1’]. As was shown before, the author’s 


Equation [1’] could be written as 


Us? 
H = —+ 
g 


cos 


I 


Fig. 23 


It can be shown!’ that if the water were introduced at the cen- 
ter at atmospheric pressure and the pressure at the exit of the 
tube were also atmospheric, friction being neglected, the 
water will discharge with a relative velocity w. equal to the 
peripheral speed u:. This is true not only for radial vanes, 
but for either forward- or backward-curved vanes as well, under 
the above conditions. In such cases, it is evident that the total 
energy given to the water is represented by the absolute velocity 


of discharge C, and equal to = per each pound of water. We 
g 


may have three cases as shown in Fig. 23. 

In the first case the water would discharge with a relative 
Velocity w,; = u, and in the opposite direction; hence the two 
would cancel, and the energy given to the water would be zero. 
In the second case the relative velocity w, = u; is radial and 
the absolute velocity makes an angle of 45 deg. with the tangent 
and C, = ~/2u: The kinetic energy per pound of water is 


*See paper by the writer, “A New Theory and Analysis of the 
Centrifugal Pump,” Proc. A.S.C.E., Oct., 1927. 


where w; is the relative velocity at discharge from the impeller. 
Now from the discharge diagram, Fig. 24, and since under the 
conditions of free radial acceleration w: is equal to u: in mag- 


Fig. 24 


nitude, and the entire energy given to the water is represented 
by the kinetic energy of the absolute velocity C., it is clear that 


ga 
29 
Now C2 = + — 2u2w, cos (180 — or 

C2 = un? + + 2usw, cos Bo. Now since uz = wv, 
Cy = + cos and dividing by 2g, 
2u2? Bo, or 
= — —— cos 0 
29 29 29 
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In the third case the relative velocity 


pine 
nho- 
is Is 
Ca 
the 
in 
the 
the 
erm 
ping 
the 
A ah 
Curved 
Pipe 
= 
2u2 
? 
ue 
ake. 
18 iq 
‘ure, 
|| 
rth 
onter 
2% fi 
the 
ure Be: 
moe 
king 
th 
the 
are 
et us 
wil 
wh 
ric 


14 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
C2? In the author's example, a 20-deg.-blade centrifugal pump 
29 = “9 Cos 2 performs as if it had an angle of 14 deg. 45 min. This is a re- 


which is identical with the writer’s Equation [30] and can be 
easily changed to the author’s Equation [1]. 


This should make it clear that the H in the author’s Equation 
C.? 

[1’] is nothing more or less than the kinetic energy 3 and 
g 


holds only for such a kinetic pump. It goes without saying that 
free radial acceleration is never realized in any actual centrifugal 
pump, nor is it even closely approached; hence the observed 
difference. The theory proposed by the author is more nearly 
that of a mechanical lawn sprinkler than of a modern centrifugal 
pump. 


W. M. Wauire.* The author has made a real effort to find a 
solution that would be of benefit to the designer. The only 
criticism of the method is that it is too complicated. There is 
no time in the manufacturing plant to analyze the various pumps 
constructed and tested even in accordance with the analytical 
method. 

The writer cannot agree with the author that the flow occurs 
as the arrow indicates in Fig. 1. There may be a tendency to 
flow in that direction, and there is a difference in velocity across 
the channel formed by the two vanes of the impeller, but that 
there is an actual reversal of flow is open to doubt. 

The form of casing illustrated in Fig. 19 is interesting, but the 
author’s statement that “the discrepancy between the theoretical 
results of the classical one-dimensional theory used in calculating 
centrifugal pumps and the actual practice forces us to introduce 
correctional factors that can only be deduced from tests,’’ leads 
one to doubt that that is the final proper design of a spiral casing. 
We must still do what we have done for 25 years: depend on 
tests and formulas to direct us in design. 

Nevertheless, the author deserves credit for the painstaking 
work he has done. The paper will undoubtedly lead to con- 
siderable study in the direction indicated, with an ultimate re- 
sult of securing a method of design that can be used in the rush of 
modern business. 


A. L. McHvuaeu.? The writer cannot agree with the state- 
ment of Mr. White that the method outlined by the author is 
too laborious to be useful. A paper such as this one on centrif- 
ugal pumps, setting forth theories and methods of analysis, 
is a step in the right direction. It will lead to studies that will 
be helpful to industry. There have been too few papers of this 
character before the Society. 

The writer has made a few analyses of impellers made by his 
company, according to the author’s method. On the whole 
the theory seems sound, and good results can be obtained with it. 


M. G. Rosinson.* The writer’s work deals with air com- 
pressors and not with centrifugal pumps, although fundamentally 
the air compressor is the same machine as the centrifugal pump. 
It is well known that due to a finite number of blades in an actual 
impeller, the pressure developed by a centrifugal air compressor 
is not as high as the usual classical theory would indicate. There 
is every reason to believe that the average angle which the rela- 
tive velocity of the fluid makes with the peripheral velocity of 
the wheel, is less than the angle of the blade as constructed. 


* Chief Engineer, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Mem. A.S.M.E. 

7 Chief Engineer, Goulds Pumps (Inc.), Seneca Falls, N. Y. 
Mem. A.S.M.E. 

8 Research Engineer, General Electric Co., Lynn, Mass. Assoc- 
Mem. A.S.M.E. 


duction of 25 per cent with a correspondingly large reduction in 
the pressure-generating capacity of a wheel of a given diameter 
running at a given speed. In centrifugal compressors, due to 
the relatively low density, and consequently higher speed re- 
quired, angles as low as 20 deg. are practically unknown, thie 
usual range being 90 deg. to 45 deg. Experience points to thie 
fact that with such steep angles the decrease in the actual blace 
angle is not apt to be so pronounced. 

In connection with a series of tests made at Lynn on air com- 
pressors with casings of two types, the following conclusion was 
arrived at: That the use of a casing with a volute with guide 
vanes causes less of a decrease in the blade angle than there 
would be when using a casing without guide vanes. The writer 
would like to inquire if the author has had any similar experience 
with a centrifugal pump. 

The reason why the actual effective angle of a blade should he 
determined is to enable the manufacturer to show the entire 
characteristic curve of the machine; It is fairly easy to get a 
guaranteed performance for one point only, but in order to draw 
the entire curve from no load to zero pressure, it is absolutely 
necessary to know what the actual effective blade angle is, not 
judging entirely from the construction of the blade. 


Sanrorp A. Moss.’ A fundamental criticism could be applied 
to all methods of analysis similar to those set forth by the author 
The centrifugal pump has one point of maximum efficienc) 
where vane angles and passage areas are correct and at which 
all losses are reduced to a minimum. At that point it is desir- 
able to know the losses. If they can be determined and reduced 
the pump can be improved. At other points the losses are in- 
creased, due to incorrect angles and areas, and sometimes due t 
absurd conditions. When an attempt is made to analyze tli 
performance by using the entire performance curve, a handicap 
is encountered which prevents one from obtaining the losses at 
the point of best efficiency by reason of the absurd conditions 
at the extreme points. 


Tue AutHor. The equation of the total head 
1 
H (uC — u;Cur) Terre 
g 


is nothing else but a special expression of the law of conserva- 
tions of energy. It simply states that if a fluid containing the 
energy E, enters a system (in our case the impeller) and leaves 
this system with the energy the difference — must have 
been given to the fluid by this system (losses excluded) regardless 
of the nature of process within the system. This equation ' 
therefore of a very general and fundamental character and ex- 
presses the energy given to the water by the impeller independ- 
ently of the particular design of the impeller, or the particular 
conditions under which the impeller is working. Equation [!) 
gives the total head of a kinetic-pump runner as well as of a! 
impeller surrounded by a pressure chamber (centrifugal pump 
It expresses the total head of a radial pump, where a centrifuga’ 
force is acting, as well as of a purely axial pump. 

It is therefore not surprising at all that when Professor Sherzet 
applies this equation to the special case of the kinetic pump wher 


no difference of pressure is generated between the entrance an¢ 
C? 
exit of the impeller, he finds that it reduces to the value % 


the total head of a pump under these particular conditions. 


® Engineer, Thomson Research Laboratory, General Electric €° 
Lynn, Mass. Mem. A.S.M.E. 
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But the author fails to understand how Professor Sherzer 
concludes from this evident fact that Equation [1] is therefore 
only to be applied to a kinetic pump and not applicable to a pump 
working under other conditions. To clear the situation, he 
will indicate roughly how Equation [1] can be derived, proceeding 
from the law of energy and with assumptions entirely different 
from those of the kinetic pump. In other words, assume that 
the pressure at the exit of the impeller is greater than at the 
entrance, and that the relative velocity w: at exit is not equal to 
the peripheral velocity we. 

In the following, in speaking of the energy of the liquid we 
shall always have in mind the energy of the unit of weight of 
this liquid, 

Let 7 be the specific gravity of the liquid (see Fig. 25), and 
(, and P, the velocity and pressure of the liquid at entrance (the 
pressure measured from atmospheric). The 
liquid before entering the impeller then pos- 
sesses the energy 

<9 


If (, and P, are the velocity and pressure 
of the liquid after leaving the impeller, its 
corresponding energy is 


The law of energy states that the increase E, 
— FE, in energy can only have come through 
the action of the impeller. The impeller has 
therefore created the total head 
ye Py 
<9 Y 


. [a] 


Now in a centrifugal pump we have two sources of creating 
pressure within the channel of the blades. The first is through 
diffusion, changing velocity into pressure—in our case, reducing 
the relative velocity w, at entrance to the relative ve- 
locity wy at exit, with a corresponding gain in pressure of 


we? 
= The second is through centrifugal force, the corre- 
sponding creation of pressure in this case being a 
Therefore 
The total head is now 
w,? — us? — 
H = + [c] 
29 2g 29 


The energy contained in the liquid at entrance may come from 
an outside source, or may have been given to the water by the 
action of the atmospheric pressure. In the latter case (P;/y) is 
negative and Equation [a] shows that the impeller has to create 
the corresponding energy. From the entrance and exit velocity 
diagrams of Fig. 25 we conclude that 


w,? = u;? + C? — 2u; Ci cos ay 


= uz? + — 2u2 C2 cos a2 
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Substituting these values in Equation [c], 


g 
which is the basic equation of the total head of this paper. The 
foregoing shows that Equation [1] is a general equation embracing 
all cases of pumping conditions and including as a special case 
the kinetic pump referred to by Professor Sherzer. For the 
U2? — 


kinetic pump P; = and Equation [b] then gives 


2 
——. Incase the water enters centrally as Professor Sherzer 


assumes, “4, = 0 and w, = 0, and therefore uz = w,. And Equation 
{a] for P; = P, and C, = 0 shows that for this case H = C,*/2g. 


Fig. 25 


In order to make the value u;C,; = 0, Professor Sherzer has to 
assume that the water must enter the impeller at the center. 
But this assumption is not necessary at all and the author did 
not have to make use of it in developing his equation. The 
water may enter the impeller at any distance from the center. 
If it arrives with a velocity C; at an angle a with the peripheral 
velocity, Equation [1] indicates the corresponding created head. 
If the velocity C; is normal to the peripheral velocity the head 
is H = 1/g wC.2, even if the water enters the impeller at a dis- 
tance from the center. 

In his discussion Professor Sherzer states that it is hard to 
see how the entrance rotation could decrease the head. In his 
opinion it could only increase it. And later he says: “In the 
centrifugal pump all the angular momentum possessed by the 
water at discharge from the runner has been obtained from it. 
For this reason the term u,C.: does not apply.”’ To clear away 
this objection let us consider the equation of the angular momen- 
tum obtained by dividing the equation of the total head by the 
angular velocity. (See Fig. 25.) 


1 
g 


The impulse force per unit of weight at the exit is equal to - C, 
g 


and acts in the direction of C,. The corresponding reaction 
force on the impeller is equal to this impulse force but in an oppo- 
site direction. The tangential component of the reaction force is 


1 
therefore equal to = C2 and is opposite to the rotation. This 
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force acts as a resistance to the rotation of the impeller, and the 


l 
impeller in overcoming it has to do the work — Cy2-u2. At the 
g 


entrance, however, the impulse force of the water is ; C, in the 
direction of C;, and the reaction on the impeller is in the same 
direction. The tangential component of this force iss Cu; in the 
direction of the rotation. This force therefore supports the im- 


1 
peller in its action and does the work -— Cy. The work which 
g 


1 
the impeller alone has done is therefore the difference - (w2Cuz — 
g 


uiCui). 

Stated in another way, the impeller assisted by the atmospheric 
pressure gives to the water the velocity C, before it enters the 
impeller. If this water enters the impeller so that C; has a 
tangential component, then it is able to return to the impeller 
a part of the energy it received. Therefore the energy which the 
water has received from the impeller is diminished by this amount. 
In case, however, that the water enters the impeller so that C;, 
is normal to the tangential direction, then it is not able to return 
to the impeller any energy, and the total energy received by the 


1 
water from the impeller is then — wCus. 
g 


The equation of the total head is based on certain assumptions 
which do not conform well with the actual pump as shown in 
the paper. For this reason the equation had to be transformed 
and those physical factors introduced which the equation neg- 
lected. As far as the author knows, all the physical factors 
influencing this equation have been considered in the paper. 
He thinks that the development of Equation [1] clearly shows 
that Professor Sherzer’s idea that this equation is only applicable 
to the kinetic pump is not sound. 

In regard to the criticism made by Professor Sherzer as well 
as by Mr. White concerning the whirl flow, there seems to be 
quite considerable misunderstanding on this subject. The 
whirl flow is nothing else but the hydrodynamic explanation 
of how a runner with only a small number of blades is able to 
transmit the necessary forces to the water. Fig. 1 of the paper 
does not represent the actual flow of the water through the 
channels of the blades, but only a component of this flow. In 
other words, the flow through the channel is composed of the 
main flow and this whirl flow. At normal rates of flow the velocity 
due to the main flow is much higher than the backward velocity 
of the whirl on the acting side of the blade. Therefore a re- 
versal of flow does not occur. But at small rates of flow this whirl 


velocity may be higher and then a reversal takes place. The 
whirl flow is not some kind of an eddy current connected with 
energy losses. It exists whenever energy is transmitted from the 
blades to the water and it exists because of this fact. The re- 
sult is that a runner with only a small number of blades is not 
able to create as high a pressure as one with an infinite num- 
ber of blades would be able to do under the same conditions 
The whirl flow disappears only when there is no transmittance 
of energy to the water; that is in the case of a purely radial 
flow through the impeller. There is a case where the whirl flow 
theoretically does not exist and this is in the purely axial pump 
Here exertion of forces by the blades on the water is only pos- 
sible because of change of directions of the flowing water—a 
reason why the axial pump is so much more unstable in its cre- 
ation of pressure than the centrifugal pump. 

Mr. White’s remarks about the proper design of the spiral 
casing are not quite clear to author. The paper shows that 
for a pump of given conditions of capacity and head the volute 
section is determined; but without any preference being given 
to a particular shape of casing. The only condition impose: 
is that in calculating the volute only the actual section passed 
by the water shall be considered. Tests will always be necessary 
to the development of the centrifugal pump, and one of the 
main tasks of the paper is to indicate methods of extracting 
from those tests all the knowledge which is not readily apparent. 

Mr. Robinson’s experiences concerning the difference of blade 
angle and fluid angle in air compressors with and without 
guide vanes are very interesting. The author has not had a 
chance as yet to analyze many guide-vane pumps. But the 
fact that in a guide-vane compressor the angle difference is smaller 
is not surprising. The difference between blade angle and fluid 
angle may be traced to two sources. The first is the difference 
which takes place within the channel of the blades and forces 
the fluid to leave the blade walls. The second is the reaction 
of the flow in the casing on the flow in the impeller. In the case 
of the guide-vane compressor this reaction is probably prevented 
and the angle difference therefore reduced. 

Replying to Dr. Moss, the author would say that the method 
described in the paper does not employ the entire performance 
curve for the purpose of analysis, but only a very narrow range 
around the points of maximum efficiencies. In a centrifugal 
pump there does not exist just one point where all losses at the 
same time are minimum. The point of best hydraulic efficiency 
is different from the point of maximum total efficiency. And 
the point of maximum total efficiency does not necessarily corre- 
spond with the point where the shock losses are a minimum 
So the use of the range of the curve where all these optimum 
points are located seems therefore to be quite justified. 
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Centrifugal Pumps 


General Considerations Regarding Losses, Disk Friction, Specific Speed, Etc.—Principles Gov- 
erning Design of Volute, Suction and Delivery Pipes, Impeller, Bearings and Glands, 
Priming Apparatus, Etc.—Materials of Construction 
By H. T. DAVEY,' BEXLEY HEATH, KENT, ENGLAND 


large quantities of water against low heads with a fair 

degree of efficiency, centrifugal pumps of modern design 
are used for a variety of purposes, and in many cases, using 
high speeds of rotation, high lifts have been obtained. This 
is particularly so with the turbine pumps, in which the highest 
efficiencies are obtainable. 

It is obvious that a pump can only be designed to give efficient 
results under one set of working conditions, and therefore it 
must always be run at the designed speed if best results are to 
be obtained. Centrifugal pumps are therefore best suited to 
work of constant character. 

Of the many uses to which these pumps are put, the follow- 
ing may be regarded as the most important: 


A LTHOUGH originally regarded as a means of raising 


(c) Circulation 
(d) Suction dredging. 


(a) Irrigation 
(b) Drainage 


For irrigation purposes the greater market is in countries 
where the rainfall is uncertain or comes at one particular 
season of the year. In low-lying country, where rain is 
abundant, centrifugal pumps are used for drainage, as in 
Holland, where some of very large size are in use. Many 
pumps used for these purposes have delivery pipes five and 
six feet in diameter and are therefore capable of dealing with 
large quantities of water. For dredgers, special material must 
be used for the pumps on account of the solid matter which is 
drawn through them with the water. 

The efficiency of a centrifugal pump is dependent upon the 
extent to which the kinetic energy of the fluid at discharge 
from the disk can be changed into pressure energy in the volute 
orcasing. The velocity of the fluid leaving the disk will be high, 
and therefore, in order to prevent losses, or at least minimize 
them, the volute must be designed to gradually reduce this high 
velocity of discharge to that of the fluid in the pipes; unless this 
change is gradual, energy will be lost by the setting up of eddies 
in the volute, which will lower the efficiency. The usual form 
of pump casing is spiral, the cross-sectional area increasing 
toward the delivery branch, the area being proportional at 
any section to the quantity of fluid flowing through it. 

To secure the best results and highest efficiency, the fluid 
must be taken into the suction pipe at a low velocity and de- 
livered also at a low velocity, the maximum speed being obtained 
in the pump. 

Centrifugal pumps are made with single and double inlets. 
The latter type seems preferable since end thrust on the shaft 
is eliminated, and therefore no special precautions are necessary, 
the disk being balanced by the incoming water. In actual 
practice, however, the single-inlet type is often manufactured, 
particularly for very light duties; the cost of manufacture of 
this type of pump is somewhat less than that of the double-inlet 
type. 

For lifts over 100 ft., multi-stage pumps are manufactured, 
having two or more impellers, according to the duty which 


? Associate-Member, Institution of Mechanical Engineers. 
Contributed by the Hydraulic Division and presented at the 
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the pump is called upon to perform; but for lifts up to 100 
ft. the single-impeller pump is efficient. 


CALCULATIONS 


Throughout this paper the following symbols will be used: 


w = angular velocity of disk, in radians per second 

r, = radius of periphery of eye, in feet 

r, = radius of periphery of disk, in feet 

u, = linear velocity of periphery of eye, in feet per second 

u, = linear velocity of periphery of disk, in feet per second 

ue = absolute velocity of discharge from disk, in feet per 
second 

= angle of vane tip at entry 

¥ = angle of vane tip at exit 

v = velocity of discharge in feet per second 

V- = radial velocity of flow at entry, in feet per second 

Vr = radial velocity of flow at exit, in feet per second 

Vy = velocity of flow in volute, in feet per second 

Vw = velocity of whirl at periphery of disk, in feet per 
second 

va = velocity of flow in delivery pipes, in feet per second 

vs = velocity of flow in suction pipes, in feet per second 

Q = quantity of water flowing, in cubic feet per second 
(total) 

W = weight of 1 cubic foot of water = 62.4 lb. 

g = acceleration due to gravity = 32.2 ft. per sec. per sec. 
{approx. in London, 32.18] 

H = total height in feet to which water is raised by pump 

= head 

Hm = total head against which pump is working, in feet, or 
the manometric head 

Hp = head of water lost in pipe friction, in feet 

L, = hydraulic losses 

Lm = mechanical losses. 


Fig. 1 shows a typical velocity diagram for a centrifugal 
pump of the usual construction, and employs a number of the 
above symbols. 

Of the three efficiencies usually considered in connection 
with centrifugal pumps, the working efficiency, or what may 
be called the overall efficiency, is the most important, from 
several points of view. This efficiency is the ratio of the work 
done by the pump to the work put into it. 


Working efficiency nw = = 


H~» is equal to H + Hp + v?/2g and is termed the manometric 
head. Also, 
Turning moment on shaft 7 
We. 
equivalent to change in = — (Vwr.— Vwi) lb-ft. 
angular momentum per sec. 9 


Work done per second = — (Vwr: — vwrs)w ft-lb. 
g 
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As it is not usual to provide guide vanes in the eye, the velocity 
of whirl vy» will be zero; this assumes that the water is not 
made to rotate by friction. Thus assuming radial flow, and 
since w = U2/T2, 


W 
Work done per second = = V wu ft-lb. 
g 


and 
Work done per lb. of water = — ft-lb. 


The ratio of Hm to the work done on the water per pound 
gives the manometric efficiency mm. 


V wis 


From the velocity diagram, Fig. 1, Vw = uz — Vr cot 


— Ver cot 


= 


The expression thus obtained does not include any losses, 


Fig. 1 Typicat VeLtociry D1aAGRAM FOR A CENTRIFUGAL Pump 
OF THE UsuAL CONSTRUCTION 


and if therefore the hydraulic losses are added, the hydraulic 
efficiency 7, can be obtained: 
Ha 


LossEs 


The losses in a centrifugal-pumping installation are of two 
kinds, namely, hydraulic and mechanical. Those losses which 
arise due to the presence of the fluid may be called hydraulic 
losses, while losses such as friction at bearings may be called 
mechanical losses. 

In a centrifugal pump and also in the pipe lines connected 
with it, certain losses will occur, some of which must be taken 
into account when designing the plant, since they often reach 
considerable proportions. Every effort must of course be made 
to keep such losses a minimum. 

_ In the pipe lines there will be friction losses, which can be 
closely estimated by means of the Darcy formula: 


length of pipes in feet 


In this case l 


d = diameter of pipes in feet 

Z = constant depending upon the condition of 
the pipes. For old pipes Z = 0.01; for new 
ones, Z = 0.005, the material being cast 
iron 

v = velocity of flow in pipes in feet per second. 


Sudden enlargements of pipes, or contractions, will produce 
hydraulic losses, and should therefore be avoided. Right- 
angled bends should also, where possible, be avoided. 

Hydraulic losses will also occur at discharge. If va is the 
velocity at discharge, the energy lost per pound of water = 
va?/2g ft-lb. 

Again, losses will occur when the water leaving the disk meets 
the water flowing in the volute. The loss from this cause will 
be: 

_ Vr)? 
ft-lb. per Ib. 


Disk FRICTION 


The friction of. the disk rotating in the fluid also contributes 
to a large extent toward the losses. 

One of the chief influencing factors in regard to the disk 
friction is the clearance between the faces of the disk and 
the casing. It has been shown by experiment? that, as the 
clearance increases, so the friction increases, and therefore the 


2 


clearance should be kept down within reasonable limits, com- 
patible with mechanical requirements. The condition of the 
surface of the casing and disk also has some effect upon the 
friction, but it is very doubtful if the extra cost of producing 
highly finished machined surfaces pays, since ordinary painted 
and varnished faces seem to be just as satisfactory, and more 
so from some points of view. The viscosity of the fluid will 
also affect the friction, as will also the velocity of the disk. 

Consider a thin strip of the disk with a width dr (Fig. 2), 
and situated at radius r from the center. Also let 


p = resistance per square foot of surface per unit velocity 
V, = velocity of fluid relative to disk, in feet per second 
r; = radius of disk in feet 

u = velocity of strip dr of disk relative to velocity of 


fluid, in feet per second. 


It has been established by experiment that the friction varies 
as u", where n depends upon the clearance of the disk, et¢ 
It is, however, sufficiently accurate for most practical purpose 
to take n = 2, and therefore the friction varies as u*, Als 


2 Proc. Inst. C. E., vol. 80 (1885). 
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HYDRAULIC SECTION 


the velocity of the strip will be proportional to its radius r, 
therefore u = Vyr/r. 
Total resistance of wetted surface = p 2x rdru? 
= p2xridrV;?/r? 


Moment of this force = p 2x ridrV,s2/r? 


p 
Moment of total frictional = p 2x V,;? of rdr 
force on disk sii 
2 


= 


Turning moment due to friction | 


on both sides of disk ) omens 


Work lost in frietion = 4/srpV/*r*w ft-lb. per see. 
= */sxpV,*r;? ft-lb. per sec. 


The values of p, as previously mentioned, will depend on the 
side clearance and the condition of the surfaces of both the 
disk and the casing. There is, however, a very considerable 
difference in values for different surfaces and different clearances, 
the range being from about 0.0132 lb. down to 0.0031, the higher 
values for the rough surfaces. 

The effect of putting vanes on to the disk is to increase the 
friction. There will also be slight frictional loss due to the 
flow through the vanes. This will, however, be comparatively 
small. The friction of the water flowing round the volute will 
also account for some loss of power, and can be approximately 
computed from the length of the volute and its diameter. 

The above losses are those of most importance, and must 
be considered when calculating the hydraulic efficiency. There 
are of course other losses which may occur, such as slip, ete., 
all tending to reduce the efficiency. 

The mechanical losses will depend upon the type and condi- 
tion of the bearings, and also the kind and condition of packing 
used in the stuffing boxes. The fit of the impeller in the casing 
will also have some effect. The actual magnitude of these 
losses can be determined by running the pump without load 
and determining the actual power absorbed. 


aT Wuicu PumpinGc COMMENCES 


A centrifugal pump will not begin to pump until the speed 
of the disk is sufficient to create a pressure difference through 
the disk greater than the total pressure head against which 
the pump is to work. In order that the pump shall commence 
working, the angular speed w of the disk must be such that 
w*(r.? — r,*)/2g is greater than the total head Hm». 


SPECIFIC SPEED 


With respect to a centrifugal pump, the specific speed is the 
speed at which an exactly similar one of reduced size would 
require to run in order to deliver 1 cubic foot per second against 
4 total head of 1 foot and give maximum efficiency. 


If V = number of revolutions per minute of an actual pump 
Q = discharge in cubic feet per second 
H», = total head against which pump operates, in feet, and 
\, = specific speed in revolutions per minute, 
then 
y 


According to various authorities,’ the specific speed for 
maximum efficiency should lie between 80 and 240; hence, 


_*L. T. Moody, Mechanical Engineering, April, 1921, and S. F. 
Sherzer, Engineering News-Record, June, 1921. 
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accepting these conditions, pumps should be designed so as to 
have specific speeds within this range. 


GENERAL PRINCIPLES OF DESIGN 


Broadly speaking, there are three types of centrifugal pumps 
in general use: 


a Single-inlet 
b Double-inlet single-stage, and 
c Multiple-stage. 


For low lifts and small capacity, the single-inlet pump is the 
most used, while the separate units in the multi-stage pumps are 
usually of this construction. As previously mentioned, the 
cost of production is less than that of the double-inlet type, 
and the casing more easily made. For small oil pumps and 
cooling-water circulating pumps for internal-combustion engines, 
this type is very common. Owing to the end thrust set up 
by the incoming water, thrust bearings are necessary with this 
type. 

For greater lifts up to 100 ft. and high capacity the double- 
inlet single-stage pump is largely used, while for high lifts, 
from 100 ft. to 2000 ft., for best results the multiple-stage pump 
is most satisfactory. The end thrust is also eliminated in the 
double-inlet construction, the rotor being balanced by the 
incoming water. 

Tue or CasiInG 

Generally, the pump casing is made in two parts, this con- 
struction being necessary in order to get the disk into position, 
and also for cleaning purposes. The joint line is made in one 
of the four following ways: 


1 Ona center line in the plane of the pump 

2 On a horizontal center line in a plane through the axis of 
rotation 

3 Aside cover is provided, the joint line of which is arranged 
conveniently on the side of the pump 

4 Asin 3, but with one cover on each side of the disk. 


Each method has its good and bad points, but the question 
is largely one for the judgment of the designer. It may, how- 
ever, be stated that a single side cover gives an inexpensive 
job, and is satisfactory for many purposes. 

It is important to at once realize that the efficiency of a centrif- 
ugal pump depends largely upon the design of the volute. 
Its duty is to change into pressure energy the kinetic energy 
of the fluid given to it by the impeller. With this object in 
view, three principal types of casings have been manufactured: 


a Volute with whirlpool chamber 
b Plain volute or spiral casing, and 
c Casing with guide vanes. 


The first type has now gone out of existence, so far as practical 
work is concerned, but undoubtedly small pumps, well made, 
and provided with a vortex or whirlpool chamber, gave good 
results and worked efficiently. 

The second type is very common for low and moderate lifts, 
and when well designed, works very efficiently. 

The third type, applied to turbine pumps, is used for very 
high speeds and generally for high lifts. These represent the 
most efficient type of pump. Small rotors are used for this 
purpose. 

It has been established by practical tests that the best results 
are obtained when the velocity of flow in the volute is between 
0.3 +/(2gHm) and 0.4 +/(2gH»). Since the whole of the water 
pumped has to pass through the throat, the area here should 
be such as to allow full flow at a velocity not exceeding that 
selected from the above values. The area of any cross-section 
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is proportional to the quantity flowing through it, and there- 
fore the areas of the volute at points a, b, c, d, e, f, Fig. 3, must 
be proportional to !/4, 3/s, 1/2, ete., respectively, of the total 
quantity of water flowing. When such is the case, the velocity 


Fie. 3) DtaGramMMatic View oF A VoLUTE 


of flow in the volute will be constant. A more or less circular 
section is maintained throughout. Fig. 4 shows a form of 
volute cross-section which has been adopted by some makers, 
but in the opinion of the author, this section, which gradually 
changes from a very shallow segment to a full circle at the throat, 
is not desirable since ‘‘dead water’’ tends to collect and lag in 
the side pockets of the section. 

In order to prevent the water flowing through the throat 
being driven round the casing, a stop or cutwater is necessary. 
This usually forms part of the main volute casting, and will 
be clearly seen on reference to Fig. 3; there should be a good 
clearance between the cutwater and impeller, otherwise vibra- 
tion during working may occur. 

In the case of the turbine pump, the main casting is arranged 
so that guide vanes can be fitted. These guide vanes are pro- 
vided so that the area of waterway from the outlet of the disk 
gradually increases outward, and thus the velocity of discharge 
falls. In these pumps, the tips of the vanes on the disk are 
often radial at discharge. The cost of providing these guides 
is of course considerable, but very high efficiency can be obtained, 
and if high speeds are used, large quantitiesof water can be pumped 
with a comparatively small machine. 


De.ivery Pires 


In order to reduce the velocity of flow along the delivery 
pipes and obtain as much pressure energy as possible from 
the available kinetic energy, the usual practice is to enlarge the 
delivery branch of the pump to such an extent that the velocity 
of flow in the pipes does not exceed 8 or 10 ft. per sec. A com- 
mon rule is to make the delivery-pipe area twice that of the 
throat, but there is no general rule in regard to this point. 
In several pumps with which the author has had experience, the 
velocity of flow in the pipes has been about half that of the 
water in the volute. These pumps are giving satisfactory re- 
sults. 

In many cases the delivery pipes have been made abnormally 
large, in order to reduce the velocity of flow to within 2 or 3 ft. 
per sec., but the practice is unusual, since large pipes add greatly 
to the initial cost, and little is to be gained from it. It is also 


known that, for high lifts, the efficiency falls off when the speed 
is too low. 

When the delivery pipes are short, it is common practice to 
gradually increase their diameter, so that the velocity at dis- 
charge is low, say, about 2 or 3 ft. per sec. In cases 
where the pipes are long, the delivery branch from the pump is 
enlarged to give a flow of about 8 or 10 ft. per sec., and a bell 
mouth is fitted at the delivery end of the pipes. (Fig. 5.) 


Suction Pipes 


Wherever possible, the suction pipe should be short. The 
low efficiency often obtained is due to long suction pipes, air 
leaks, etc. The best pumps obtainable will not work satis- 
factorily, if at all, with suction heads greater than 25 or 27 ft. 

As with the delivery pipes, the suction is often such that 


| 


Fic. 4 Cross-Section oF A VOLUTE. SEGMENTAL SECTION CHANG- 
ING TO CIRCULAR AT THROAT 


Pymp End 


™ de 


Fig. 5 Repucer ror Pump Enp or Pipe Line anp Bett Movuts 
FOR SUCTION AND De.Livery Pipe Enps 

(To reduce friction in long suction pipe lines large-diameter pipes are 

used. Velocity is increased toward pump by the reducer A in sketch at left.) 


the water enters at very low speed, and due to a gradually 
decreasing pipe diameter, it increases toward the pump. The 
best results will be obtained if the velocity of the water entering 
the suction pipe is about 3 ft. per sec., and on reaching the pump 
is increased to about 6 or 8 ft. per sec. 

Many pumps will be found to have suction pipes of the same 
size as the delivery, but conditions as given above will generally 
secure the most satisfactory results. 

In regard to the suction branches to the eye of the disk, it is 
good practice to make their combined area slightly in excess 
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of the suction-pipe area. ‘These should, however, not be ex- 
cessively large and should lead in as straight as possible, so as 
to avoid air locks due to pocketing. 


Diameters, Lenarus, Erc. 


When fixing pipe diameters it is well to keep in view the 
standard stock sizes manufactured, since if these have to be 
specially made, the initial cost 1s increased. 


Tue Disk, on Roror—GENERAL 
Broadly speaking, there are three types of disks in general use: 


a Single-sided, open or shrouded 
b Double-sided, open type, and 
c Double-sided, shrouded type. 


The single-sided disk is used largely for single-inlet pumps 
working against heads up to 100 ft., and also for the large 
multi-stage pumps fitted with guide vanes in volute. Disks 
of this type are not generally directly balanced by the water, 
as is the case with the double-inlet disk, but require special 
means for balance, such as ball thrust races, or collars, although 
in some cases they are balanced hydraulically. 

The double-sided disk is employed in double-inlet pumps, 
and is balanced directly by the water flowing into the eye. 
These disks may be either open or shrouded. If the former 
is employed, then the disk must form a neat running fit within 
the casing. If the latter is used, then a fairly large clearance 
can be made. With regard to this point, it should be borne 
in mind that the disk friction will increase as the clearance in- 
creases, and hence the clearance should be a minimum com- 
patible with mechanical requirements. As far as efficiency 
goes, there is a tendency for excessive slip to occur with the 
unshrouded disk, which affects the efficiency adversely. 

From the point of view of manufacture, the open type is un- 
doubtedly the easiest and cheapest, since it is much easier to 
mold, and when cast the channels are so much easier to clean. 
It is perhaps not quite so easy to produce a good, clean job 
from the lathe, on account of the intermittent cutting, as may 
be obtained with the shrouded type; in this case perfectly smooth 
faces can be produced. It is, however, difficult to clean out the 
channels in the shrouded disk. These channels are cored out, 
and in consequence are always somewhat rough. 

It is important to notice that, in the case of direct-coupled 
pumps, the shrouded disk is particularly useful, since end play 
on the engine or motor shaft does not cause the disk to grind on 
the casing, as would be the case with the open type. This 
point is particularly important when electric motors are em- 
ployed for driving directly, since the armatures are often allowed 
to float '/, in. or so. It is due to the increasing use of electric 
motors for driving that the shrouded disk is perhaps more 
commonly used nowadays. The extra weight of metal in the 
shrouded disk is important from the point of view of cost. In 
consideration of this, it is to be observed that some pump 
makers allow large clearances between the shrouded disk and 
the volute casing, and include this area as part of the cross- 
sectional area of the volute, thereby saving metal in the volute 
casting. Hence the extra cost of metal in the disk may be made 
up by the smaller volute casting, which, in large pumps, may 
be very considerable. In the opinion of the author, this practice, 
besides increasing the disk friction, reduces the efficiency of 
the volute, as the water in these side pockets lags, or probably 
becomes “dead.” 


PROPORTIONS OF THE EYE AND PERIPHERY 


The remarks which follow apply to all of the ordinary types 
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of centrifugal pumps, only slight modifications being required, 
which will depend upon the duty of the pump. 

In general, the best efficiency will be obtained when the peri- 
pheral velocity of the disk is about 0.9 +/(2gHm) for pumps 
with guide vanes, and radial-exit vane tips. For pumps 
having plain volutes, the best peripheral speed is about 1.1 
V/(2gHm) when the vane-tip angles at exit are about 38 to 40 
deg., but may be as high as 1.3 ./(2gHm) when the angles are 
as small as 15 to 16 deg. The pump is only efficient at the speed 
and discharge for which it was designed, and since it is only 
possible to design for one particular speed and discharge, it 
is important that the pump should always be worked at that 
speed. 

In all cases the eye of the pump must be large enough to 


Fic. 6 Vevociry DiaGRamM For TuRBINE Pump Havine 
Trp VANEs AT DiscHARGE AND GUIDE VANE 
Suitable Velocities, etc.: uz = 0.9 ¥(2gHT) 

VR = 0.23 

y = 90 deg. 
allow the passage of the whole of the water at a velocity about 
equal to that in the suction pipe. For general purposes the 
diameter of the disk can be made about twice that of the eye, 
due regard being given to the peripheral velocity, as given 
above. This proportion will be found suitable for moderate 
speeds. 

It often happens that special low speeds are required, and 
this often necessitates a ratio of the eye to disk as great as 1:5. 
A pump with which the author has had some experience was 
used for pumping and circulating water through a condenser, 
being driven direct by a small low-speed steam engine. The 
diameter of the eye in this case was '/; of the peripheral diameter; 
approximately. Such proportions do not permit high working 
efficiencies to be obtained, on account of excessive disk friction: 
this point is, however, considered of secondary importance 
in these special cases. 

Conversely, when high speeds of rotation are required, the 
diameter of the periphery may be only 1!/, times the diameter 
of the eye. 

The deciding factor is the best peripheral speed, as given 
above, and therefore, with this point in view and the quantity 
of water to be dealt with, the disk can be proportioned. In 
the case of the open disk no appreciable axial movement must 
be allowed, while with a shrouded disk about !/, in. on either 
side of the center may be allowed; this may be greater in large 


pumps. 
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VANES 


The requisite number of vanes will depend upon the speed 
of the disk. For general purposes, 8 to 12 vanes will suffice, 
but where high speeds are to be used, 12 to 24 vanes may be 
necessary in order to avoid excessive slip. The whole question 
depends upon speed, but the majority of moderate-speed pumps 
have either 8 or 12 vanes; if too many are provided, the water- 
ways become too small. The vanes should be made as thin as 
is conveniently possible to cast, while the same applies to the 
shrouding, if such is used: about #/s in. to !/2 in. is suitable 
for the vanes in most cases of moderate-sized pumps, while 
the shrouding should not be much more than '/, in. 


WiptH oF WATERWAYS 


The best velocity of flow through the disk is about 0.25 
V(2gHm), or approximately one fourth of the peripheral 
speed, but often lower speeds will be found practicable, par- 
ticularly in the high-head single-stage pumps. To keep the 
speed constant, the sides of the disk should be of hyperboloidal 
form. This is obtained by making the product of the width 
of the waterway at any radius and that radius a constant quan- 
tity. In some cases the velocity of flow through the disk is not 
constant, the speed at exit being reduced slightly. The effect 
of such changes will be apparent on reference to the velocity 
diagram, Fig. 1, and it is a matter of individual experience 
as to which gives the best results. In all cases the values selected 
should be within the limits given. When calculating the widths 
of waterways, the thickness of the vanes must be taken into 
account. 

VaNE-Tip ANGLES 


For low lifts, say, 25 to 60 ft., an exit angle of 38 to 40 deg. 
is suitable, while an entry angle of 18 to 24 deg. holds for the 
same conditions. For lower lifts the exit angle needs reducing 
somewhat, the same entry angles being suitable. 

In most high-lift turbine pumps, the exit vane tips are radial. 

The effect of altering the exit angle will be apparent from 
equation Vw = uz — Vr cot y. The cotangent of an angle 
reduces as the angle increases, and therefore Vw becomes greater 
as 7 is increased, and becomes nearer to u2. The loss due to the 
impact of the water leaving the disk and meeting that flowing 
in the volute may therefore be exceptionally high. The mano- 
metric efficiency will also be affected. 

When the angle is reduced it becomes necessary for the disk 
to run faster in order to pump against a given head. The result 
of this will be to increase disk friction, and also mechanical 
friction in the bearings. 

For the water to enter the vanes without shock, it will be 
observed by referring to the velocity diagram, Fig. 1, that 
(Vr/u) = a. 


STRESSES IN THE DIsk 


The stresses in the disk are not easy to calculate; the principal 
stresses involved are the circumferential and the radial. The 
radial will be maximum at the hub, and the circumferential at 
the periphery. In order to reduce friction, the disk is often 
cut away toward the periphery. This should be done with care, 
and consistent with the stresses involved. (See Morley’s 
Strength of Materials.) 

The hub of the disk is important and should be made so 
as to provide good bearing length for the shaft. The disk 
should be pressed on tightly over a key, the usual drive-fit 
allowance being permitted. 


BEARINGS AND GLANDS 


The bearings of a centrifugal pump should always be of ample 


length; from 2'/, to 3!/, times the shaft diameter is usual. 
The question of having ample bearing area is important in 
high-speed pumps, particularly since, if too small, excessive 
wear will occur and the shaft will, of course, drop. This may 
result in the impeller’s fouling the casing, especially if the clear- 
ances are slight. The ring-oiler bearing is the usual type em- 
ployed, although plain solid bushes are often put in, particularly 
where a cheap job is desired. In all high-speed work the ring- 
oiler bearing is to be recommended; the solid bush bearing is, 
however, more convenient in the smaller pumps. With this 
latter type, lubrication is often effected by means of grease cups 
and screwed caps. 

The glands necessary to prevent excessive leakage shoul: 
always be bored with a slight clearance, the usual allowance 
being 0.015 in. The length of the stuffing boxes should be 
about equal to the shaft diameter, suitable neck rings also being 
provided. 

The best packing for pump stuffing boxes is undoubtedly 
rawhide. With this material the shaft suffers no scoring, and 
rings can easily be replaced or added to the stuffing box. Square- 
section flax, graphited and greased, is often used, but often to 
the detriment of the shaft. 


PRIMING APPARATUS 


An important point to consider in the design of the pump 
is the position in which it is to work. Before pumping wil! 
commence, the pump and suction pipes must be full of the liquid 
to be pumped. This necessitates its either being “drowned,” 
or some means provided to exhaust the air and vapor. It is 
not always possible or desirable to work a pump “drowned,” 
and, generally speaking, some auxiliary apparatus must be 
provided to prime the pump. 

There are three methods in general use, which may be denomi- 


nated as follows: 


a Steam ejectors 
b Vacuum pump, and 
c Foot valve and filler. 


In some cases automatic contrivances are employed 

Method 6b is usually most convenient, and in small installa- 
tions a hand pump will suffice, while method c is also suitable 
for small plants. These two methods are often employed unless 
the pump happens to be located near or within easy reach of 
a steam supply. In such cases the first method would perhaps 
be desirable. 

Small oil pumps, and circulating pumps for cooling water in 
internal-combustion-engine work, are usually located in such 
a position that they always remain full, or in some cases are 
completely “drowned.” 

The foot valve and filler method, although convenient in many 
ways, is often very unsatisfactory, particularly so if gritty or 
sandy material is to be pumped. Small particles get uncer- 
neath the valves and leakage takes place, with the result that 
the filling of the pump becomes difficult, if not impossible. 
If such valves are used, a screen must always be provided to 
prevent, as much as possible, the occurrence of the trouble 
mentioned. 

VALVES 


Immediately next to the pump, and on the delivery side, 4 
sluice or check valve must always be provided. This becomes 
necessary to prevent water rushing down the delivery pipe 
during priming, and either smashing the impeller or bursting 
the pump. 

Sluice valves with wheel and screw can be hand operated 
when the size does not exceed 20 in. Larger sizes require 
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HYDRAULIC SECTION 


gearing, While in exceptional cases hydraulic or other power 
may be required. 


MATERIALS OF CONSTRUCTION 


For such purposes as the pumping of water and oil, cast 
iron is usually employed for the casings of centrifugal pumps, 
a good-quality, close-grained material giving excellent results. 
For such purposes as dredging, or the pumping of gritty water, 
and in fact in all cases where solid material passes through the 
pump, special precautions are necessary. The wear on the 
casing, and also on the impeller, in such cases is very severe, 
and east steel may be required. The cost of such is great, and 
generally special linings of manganese steel are inserted, or, as 
in some cases, chilled castings are employed. 

Small pumps are often made entirely of bronze or a cheap 
gun metal. 

For such purposes as the pumping of acids, again special 
material must be used. In such cases, an acid-resisting material 
must be used, there being several alloys on the market which 
more or less fulfil the condition. 

The disks of pumps are often made of good-quality, close- 
grained cast iron, and are painted and varnished after being 
machined. Some manufacturers, however, use good-quality 
bronze for their disks and machine them all over; painting in 
this case is not necessary. 

In the special cases mentioned, cast steel is very often used, 
since hard wear is obtained with this material, which is of 
course essential where solid matter has to be dealt with. 

For the shaft, mild steel is suitable, having an ultimate tensile 
strength of 28 to 30 tons. The stress carried by the shaft is 
not usually severe, the loading being fairly constant. In the 
case of high-speed pumps the shaft should run in gun-metal 
brasses provided with white-metal pockets or white-metal 
linings. Solid gun-metal bushes are suitable for small and 
lower-speed pumps. To prevent corrosion of shafts, brass pro- 
tecting sleeves are fitted. 


Discussion 


I. k. Movuutrrorp.*| Many valuable data of interest to pump 
designers have been presented in the three papers on centrifugal 
pumps.’ I should think that these studies should help the pump 
designers to determine the characteristics of pumps at all ca- 
pacities before they are built. 

I should like to say a word in reference to centrifugal pumps 
from the standpoint of the purchaser and operator of such 
pumps. 

During the past few years more attention has been paid to 
testing the pumps after installation than heretofore. This is 
proper because the size of the pumps has been increasing by 
leaps and bounds, and the kilowatt-hours consumed by the 
motors that drive the pumps have become a matter of major 
importance to the users of centrifugal pumps. 

These tests have developed the fact that the pumps in opera- 
tion in many cases have decidedly different characteristics from 
those expected. In many cases they fail to meet the guaranteed 


‘Chief Engineer, The Edison Electric Illuminating Co., Boston, 
Mass. Mem. A.S.M.E. 

* This discussion applies also to the papers by M. D. Aisenstein 
and Joseph Lichtenstein on the same subject. See papers HYD- 
00-1 and -2, 
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head, capacity, and efficiency, and even more often fail to show 
the expected characteristic curves from zero to full capacity. 

The pump designers should realize that it is no longer satis- 
factory for a centrifugal pump to meet its guarantees at one 
particular capacity. What the purchaser needs are the complete 
characteristic curves, and the manufacturer should bend every 
effort to bring about the time when he can guarantee that the 
pump will perform in accordance with the characteristic curves 
at all capacities. 

We now have installed boiler-feed pumps requiring approxi- 
mately 2600 hp. to drive them. Before such pumps are in- 
stalled the controllers must be designed. It is impossible to 
properly design the controllers unless the characteristics of the 
pumps are known. 

We are not “out of the woods” in the case of any of the major 
pumps in a steam-electric generating station. 

From the standpoint of the purchaser and operator of cen- 
trifugal pumps I would urge the pump manufacturers to in- 
tensively study the problem so that they can guarantee the 
pumps at all capacities within reasonable limits. Larger and 
larger pumps are being needed to keep step with the continually 
increasing size of turbine and boiler units. I realize that the 
pump manufacturers have a big problem, but it is up to them to 
solve it. The users of their pumps are willing to help as much 
us possible. 


W. M. Wuire.* The paper is inaccurate, in that the impeller 
in Fig. 6 should be turned in the opposite direction. Otherwise 
it cannot direct the water into the channels provided. The 
author further says that centrifugal pumps having guide vanes 
in the discharge are the most efficient type. The writer cannot 
agree with this statement. In the light of modern American 
practice it is not correct. 


Tue AvutHor. The author thanks Mr. Moultrop for his 
opening remarks. With regard to the difficulties of pump 
users or prospective ones, the author has no doubt that these 
problems are being faced by pump manufacturers seriously and 
that more and more information is becoming available almost 
daily. 

In reply to Mr. White’s first remark, the author regrets that 
due to oversight the impeller portion of the drawing was allowed 
to go forward badly drawn. The direction of motion of the 
impeller is intended to be clockwise, and the vane tips radial 
at exit. In regard to the second point raised, some misunder- 
standing surely prevails. If, say, for a head of 250 ft. a guide- 
vane pump is provided and the quantity of water to be handled 
is fairly small, then it will give a higher efficiency than a volute 
pump in the same service. . In all cases where a high velocity 
of discharge from the disk occurs and when the head is great, 
some means must be provided to convert a maximum of the 
kinetic energy of the water at discharge from the disk pressure 
energy. Guide vanes are common for this purpose, and in 
addition in multi-stage pumps they provide a guide from the 
outlet of one wheel to the eve of the next. The statement 
referred to was intended to apply to turbine pumps dealing 
with high heads and running at high speed. These machines, 
when carefully designed, undoubtedly give very high efficiency. 


* Chief Engineer, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Mem. A.S.M.E. 
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Computation of the Tail-Water Depth of the 
Hydraulic Jump in Sloping Flumes 


By ROBERT W. ELLMS,! CLEVELAND, OHIO 


This investigation deals primarily with the methods of computing 
the tail-water depth of the hydraulic jump when it is produced in 
sloping flumes. The author has developed two formulas for this 
calculation based upon the unpublished work of A. G. Leoy and 
J. W. Ellms of the Cleveland Water Department, and of J. R. Flem- 
ing and the author in a thesis presented to Case School of Applied 
Science. In this paper are given a description and the data of the 
latter's thesis work, and certain data obtained by the two former 
investigators. From a study of the results of these experiments the 
author has drawn certain conclusions as to what takes place in the 
hydraulic jump when it is produced in sloping flumes, and attempts 
an explanation of this spectacular and baffling phenomenon. 


passage of water from a high velocity and low depth to a 

much greater depth and with a corresponding decrease in 
velocity. The jump may occur under suitable conditions in 
nature, such as on the shores of the ocean, or of large lakes, or 
in streams, and may be artificially produced at the foot of dams 
and in specially constructed flumes. Probably the first recorded 
studies of this phenomenon were made by Bidone in 1819, and 
published in the Transactions of the Royal Societies of Turin. 
Later investigators include Gibson, Ferriday, Lane, Kennison, 
Hines, Riegel, Beebe, and Levy and Elims. The four latter in- 
vestigators, R. M. Riegel and J. C. Beebe of the Miami Con- 
servancy District, and A. G. Levy and J. W. Ellms of the Cleve- 
land Water Department, experimented with sloping and ex- 
panding flumes, while all the previous investigators used prac- 
tically level flumes of constant cross-sectional area. 

The experiments conducted by the Miami Conservancy Dis- 
trict were to determine what type of flume construction would 
insure the occurrence of the hydraulic jump in the flood run-off 
water leaving large retarding basins placed beside the Miami 
River. The excess kinetic energy in the water was to be dissi- 
pated in the hydraulic jump, which was produced just below 
restricted dam outlets. J. W. Ellms of the Cleveland Water 
Department conceived the idea of using the turbulent action 
of the jump for the mixing of chemical solutions with the water 
to be treated in water-purification processes, and with A. G. 
Levy he conducted experiments in 1920 with a large experimental 
flume. Their object was to design a flume which would properly 
control the jump with the expenditure of a minimum amount of 
energy, while still maintaining a satisfactory mixing action. 
In this process it became very important to accurately compute 
the surface curve of the water both before and after the jump, 
in order to determine the minimum loss of head under which 
the jump could operate. The surface curve up-stream from the 
point of jump was readily computed by the application of Ber- 
noulli’s theorem, but it was the failure of the classical momentum 
formula to give the correct depth of tail water when applied to a 
jump produced in a sloping flume that led to the investigation 
of several slopes by J. R. Fleming and the author in May, 1927. 
The object of this investigation was to discover a possible relation 
between the slope of a flume in which the hydraulic jump was 
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1, Jun. A.S.M.E. 
Contributed by the Hydraulic Division and presented at the 
Spring Meeting, Pittsburgh, Pa., May 14 to 17, 1928, of Tae Amert- 
CAN SocreTY OF MECHANICAL ENGINEERS. 


‘T= hydraulic jump is generally described as the turbulent 


being produced, and the depth of tail water. The results of this 
work appeared to be so satisfactory as to warrant the belief 
that they would be of general interest to hydraulic engineers. 


DEscrIPTION OF EXPERIMENTAL APPARATUS 


The work conducted by J. R. Fleming and the author was 
carried out at the Baldwin Filtration Plant in Cleveland, Ohio. 
The supply of water was taken from a high-pressure main, 
controlled by a four-inch valve, passed through a water meter, 
and then into a large wooden head tank, and into which the throat 
of the flume was built. The expanding wooden flume was made 
of */,-in. matched lumber, and had a maximum capacity of 1.5 c.f.s. 
(cu. ft. persec.). It was attached to the protruding end of the 
throat as shown in Fig. 1, and so constructed as to make a flexible 
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Fie. 1 Layout or Test AppaRATUS 


joint at A, which enabled the slope to be varied from 0.15 ft. per ft. 
to 0.30 ft. per ft. Weir boards and an adjustable gate, controlled 
by a hand screw, were located at the down-stream end of the 
flume for the purpose of controlling the tail-water depth. A 
wooden chute was placed at the discharge end of the flume to 
receive the water and carry it to the sewer. The detailed di- 
mensions of the flume are shown in the plan and elevation draw- 
ings of Fig. 1. 
MeErHop oF PROCEDURE 


The slope of the flume was first established with the aid of a 
level and leveling rod, and then a reference line, obtained by fill- 
ing the flume with water, was drawn on an inside wall. The 
elevation of this reference line from station No. 7 was determined 
and all tail-water depth measurements were referred to it. Sta- 
tion No. 1 was located at the throat. On the bottom of the 
flume, heavy black lines were drawn at right angles to the line 
of flow, and spaced at two-foot intervals, marking the positions 
of stations Nos. 2, 3, 4, 5, 6, and 7, respectively. The quantity 
and rate of flow of the water were measured by an accurately 
calibrated water meter and stop watch. The depth of tail 
water was regulated by the addition or removal of weir boards at 
the discharge end of the flume, and a finer adjustment obtained 
by a gate which could be operated by a hand screw. 

The jump was made to occur at a given station and the tail- 
water depth was then measured from the reference line by means 
of a steel scale which was lowered into the flume until it just 
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touched the surface of the water. This was done for quantities 
of 1.0 c.f.s. and 1.5 c.f.s., and with slopes of 0.22 and 0.30 ft. per 
ft., and with the jump taking place at the stations and mid- 
stations listed above. 


Hyprav.Lic-J ump COMPUTATIONS 


The water issuing from the head tank and passing into the 
throat drops to the critical depth, the value of which may be 
determined by the formula 

3 


d. = 


in which d. = critical depth in ft. 
Q = quantity in c.f.s. 
b = width of throat in ft. 


g = acceleration due to gravity. 


The surface curve down the slope may be calculated by equat- 
ing the change of energy from one station to the next to the 


Fic. 2. Hypraviic Jump 1n HorizontTaL 


Water Curve 


Fic. 3) Hypraviic Jump in Stopine 


head lost in friction between stations, as stated by the Chézy 
formula. This involves a rather tedious cut-and-try process to 
solve for the new depth and velocity at each succeeding station; 
but when carefully executed, accurately computes the surface 
curve of the water up to the point of jump. 

When the jump takes place in a horizontal flume, the tail- 
water depth may be calculated by equating impulse to change 
of momentum. 


In Fig. 2,let d,; = depth of stream entering hydraulic jump 
d, = depth of stream following hydraulic jump 
V, = velocity of stream entering hydraulic jump 
V2 = velocity of stream following hydraulic jump. 


The change of momentum equals (wQ/g)(V; — V2), and the im- 
pulse producing this change of momentum equals = (d,2—d,?), in 


which Q is the quantity in cubic feet per second per unit width of 
stream, and w equals the unit weight of water flowing. Equating 
impulse to change of momentum and solving for d, gives 


d, + 7 [1] 


This formula gives a value for the depth of tail water which 
is much too great when the jump is made to take place in a 
sloping flume, and plainly shows the need for a special formula. 
New derivations of Equation [1] were sought, using the change- 
of-momentum principle as applied to a sloping flume, and in every 
case an indeterminate equation resulted. After numerous at- 
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tempts to discover a correct combination of the velocity, the 
elevation of the station before the jump, and the depth of water 
before and after the jump, which would have some definite and 
constant relation to the slope, it was finally observed that 


In the above Equation [2] and Fig. 3, let 
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Curve A = d: according to the momentum formula. 
Curve B = d’: in sloping flume referred to a horizontal! condition. 


d, = observed depth of tail water 
d, = depth of water measured normal to the bottom of the flume 
before the jump 
depth of tail water as calculated by Equation [1] for the 
same V, and d, 

= angle which the flume makes with the horizontal 
z = elevation of the station at which the jump takes place 


d, 


ll 


d 
Y; = 2 
cos a 
j = 4,—d,and c(d, — d,) = cj, where c equals the constant 
sought. 


After plotting sin a against c it was noted that a curve throug? 
these points followed the general form of a modified hypocycloid 0! 
four cusps, the equation of which is z’/* + y’/* = k’/*, Substi- 
tuting k = 1,z = c, and y = sina gives 
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+ (sin a)’/* = 17/3 
c’/s = — (sin a)*/* 
= [1 — (sin a)*/*)’? 


The final tail-water depth equation may be derived by substi- 


tuting the value of c for f (sin a) in Equation [2]. 


Thus ——————— = [1 — (sin and 


d 
= [1 — (sin a)*/*]’/? — + —— +2, or 
cos a 


the complete equation for dy in terms of d,, Vi, 
:, and the angle a of the flume becomes 


d [1 — (sin x 


pave dt 3), 
g 4 2 cos a 


+s. 


The calculated tail-water depths given by 
Equation [3] are listed in Tables 1 and 2 in the 
next column. 

Column D of these tables shows the computed 
values of f (sin a) in Equation [2], as determined 
from the observed data. Curve A of Fig. 4 
shows the plotting of the average value of f (sin 
a) for each of the three slopes. Curve B is the 
curve of the pure hypocycloid, while Curve C 
is that of the modified hypocycloid. The reason 
for changing the exponent of sin a from ?/; to °/s 
was to bend the curve down lower and thus make 
it pass through the more likely average of the 
observed data plottings. 

While the depth of tail water as computed 
by Equation [3] is in excellent agreement with 
the observed depth for the large majority of 
cases, there is a marked deviation in the calcu- 
lated depth of tail water by this formula when 
the values of d, and V, are near the critical depth 
and critical velocity. In some unpublished data 
of Levy and Ellms, given in Table 2, the dp 
as computed by Equation [3] gives values that 
are much too low when the jump is made to take 
place near the throat, or when the water is flow- 
ing near its critical depth and critical velocity. 
This tendency may be observed for the three 
rates of flow with which they experimented. The 
value of ¢ exceeds unity in at least two cases, 
which means that the water actually jumped 
higher on the slope than the impulse formula 
alone would give for a flume in the horizontal 
position. It seemed that the error lay in the use 
of the momentum formula [1] in the derivation 
of Equation [3]. That is, a new formula for dz 
which would give a better agreement with dy in 
formula [3], when the water was flowing just 
below the critical depth, was looked for as a 
substitute for the classical momentum formula. 


presentation of the thesis. 


_ When water is flowing at its critical depth and critical velocity 
in & horizontal flume of constant width, an increase in depth 
Would mean an increase in energy. If the water is flowing at 
t8 critical depth into a sloping flume and an increase in section is 


Station Y; 
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TABLE 1 


3.468 
2.740 
2.067 
1.419 
0.790 


de do d € K 
(Eq. 3) (Eq. 8) Observed (Eq. 3) (Eq. 8) 
dy V4 A D 
0.468 10.00 3.861 3.917 3.910 0.435 0.0354 
0.340 11.31 3.186 3.202 3.110 0.319 0.0276 
0.267 12.21 2.504 2.527 2.500 0.365 0.0337 
0.219 12.92 1.874 1.869 1.871 0.367 0.0364 
0.190 13.16 1.236 1.221 1.294 0.436 0.0430 
0.397 0.0352 
Slope 0.30 ft. per ft.; OQ = 1.0 c.f.s. 
0.355 9.23 3.671 3.722 3.745 0.497 0.0389 
0.250 10.75 3.012 3.034 2.824 0.185* 0.0134* 
0.187 11.62 2.350 2.359 2.395 0.414 0.0400 
0.158 11.94 1.716 1.724 1.765 0.437 0.0460 
0.138 12.08 1.090 1.078 1.030 0.391 0.0306 
0.409 0.0389 
Slope 0.22 ft. per ft.; Q = 1.5 c.f.s. 
0.368 10.45 2.638 2.671 2.631 0.473 0.0337 
0.325 10.85 2.388 2.399 2.348 0.443 0.0323 
0.292 11.17 2.139 2.139 2.095 0.441 0.0326 
0.264 11.48 1.885 1.888 1.825 0.424 0.0314 
0.242 11.69 1.632 1.636 1.570 0.423 0.0309 
0.223 11.89 1.389 1.392 1.215 0.314 0.0222 
0.441 0.0322 
Slope 0.22 ft. per ft.; OQ = 1.0 c.f.s. 
0.265 9.68 2.432 2.452 2.395 0.438 0.0307 
0.234 10.01 2.190 2.205 2.200 0.492 0.0361 
0.210 10.35 1.944 1.942 1.930 0.465 0.0341 
0.192 10.53 1.705 1.707 1.663 0.433 0.0313 
0.176 10.71 1.456 1.462 1.456 0.478 0.0351 
0.164 10.84 1.230 1.224 1.235 0.486 0.0372 
0.466 0.0341 
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produced, such that the final depth approaches infinity and the 
velocity approaches zero, the entire surface curve may be accu- 
rately computed by the application of Bernoulli’s theorem. In 
this case, for all practical purposes, the increase in depth measured 
from the point at which the change of section takes place, is equal 
to */,d.. On this assumption, the depth of water after the jump 


Slope 0.30 ft. per ft.; Q = 1L5c.f.s. 


* These values omitted from averages. 


TABLE 2 


20 


31 


Slope 0.147 ft. per ft. 


OBSERVED AND COMPUTED TAIL-WATER DEPTHS 


Remarks 


Equation {10} 
gives almost identi- 
cal values for do as 
listed in column B 


Averages 


Observed do in error 


Averages 


All observed val- 
ues are slightly low 


Averages 


Equation [10] 
gives almost identi- 
cal values for do as 
listed in column B 


Averages 


OBSERVED AND COMPUTED TAIL-WATER DEPTHS 


Remarks 


0384 Averages 


do do do c K 
(Eq. 3) (Eq. 8) Observed (Eq. 3) (Eq. 8) 
A B 
11.63 4.272 4.257 4.37 0.686 0.0440 
11.86 4.635 4.621 4.67 ).622 0.0394 
11.41 4.974 4.967 4.98 0.595 0.0368 
11.17 5.304 5.303 5.32 605 0.0375 
11.51 5.684 5.683 5.63 0.541 0.0325 
9.54 5.922 5.965 5.98 0.656 0.0376 
8.57 6.364 6.443 6.42 0.766* 0.0412 
0.618 O 
13.46 4.633 4.615 4.71 0.610 0.0443 
13.06 4.881 4.871 4.93 0.626 O 
12.98 5.183 5.274 §.21 0.610 O 
11.77 5.488 5.511 5.56 0.648 0.0388 
12.09 5.949 5.969 5.87 0.530 0.0308 
10.35 6.080 6.154 6.15 0.652 0.0350 
8.91 6.554 6.676 6.66 0.715* 0.0354 
7.39 6.649 6.867 6.96 1.230* 0.0486 
0.613 0O 
14.53 5.115 5.108 5.14 0.606 0.0385 
14.59 5.210 5.200 5.29 0.638 0.0400 
14.10 5.432 5.428 5.50 0.633 0.0384 
12.21 5.692 5.739 5.78 0.652 0.0383 
13.32 6.028 6.049 6.01 0.578 0.0345 
11.70 6.193 6.271 6.33 0.692 0.0392 
9.57 6.732 6.951 6.86 0.734* 0.0295 
7.79 6.881 7.141 7.18 1.180* 0.0395 
0.633 0.0374 


Equation [10] gives 


.0400 almost identical values 
.0432 for de as listed in column 


.0389 Averages 


Averages 


Above data from unpublished work of Levy and Elims computed by Equations [3] and [8). 


* These values omitted from averages. 


This analyt- 
ical study of the data and formulas was carried on after the 


or change of section, referred to the horizontal case, was drawn 
as shown by Curve B of Fig. 5. The problem was to determine 


the equation of Curve B. 


Assuming d, = d., then d’; = */; d. or */2d), as noted in Fig. 5, 
If the velocity was increased while d; remained constant, it was ob- 
served that d’;— */2 d; increased directly in proportion to the 


change of velocity. 


d, 
2 ail 
4 
5 
6 
2 3.355 
4 1.987 ‘ 
5 1.358 
| 
\ 
3'/2 1.865 
4 1.612 
4'/2 1.364 
5 1.122 
5'/2 0.883 
3 2.025 
31/2 1.774 
4 1.530 
4'/2 1.292 
5 1.056 
5'/2: 0.824 
ef.s. Vi di 
0.21 
0.22 
0.24 
0.26 
0.27 
0.36 
0.43 
30 
32 
38 B 
40 
49 
64 
: 31 
42 9.14 0.37 
.23 0.37 
47 (0.40 
86 0.49 
.09 0.47 
.39 0.57 
.20 0.80 
.58 1.03 
= 
4 


Thus 


Letting V. = and solving for d’: gives 
3 — 
d's = > d, +f (d) (V; — gd,) [5] 


Taking a series of values for d, and V,, and d’; as read from 
a system of curves similar to Curve B of Fig. 5, and plotting a 
new curve in order to determine the relation between d, and the 
value of the function, Curve A of Fig. 6 was drawn. Owing to 
the difficulty of determining the equation of Curve A, the value 
of the function of d; was plotted against the critical velocity 
V. corresponding to the critical depth. The result of this plot- 
ting is Curve B of Fig. 6 which is virtually a straight line, and 
for which the equation may be readily determined. Thus 


[6] 


in which K equals the slope of Curve B. 
The final equation of Curve B of Fig. 5 is therefore 


3 
d’; = d, + K ga [7] 


which gives the theoretical height of jump for a sloping flume 
referred to the horizontal position. 

Since the final formula for dy as given in the form of Equation 
{3] would have two empirical constants in it, when Equation [7] 
was substituted for the momentum formula it was thought best 
to use the pure hypocycloid for f (sin a), or c, instead of the 
modified form. This equation may finally be written, 


1.0 
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! 
Fie. 6 Varvue orf Equation [5] 


d, 
d, = (1 — sin’ a)*/? (Vi— V + 


From this equation K was computed from all of the available data 
for each of the three slopes, and the average found to be 0.0363. 
The depths of tail water as computed by Equation [8] for each 
case are also listed in Tables 1 and 2 and show a most satisfactory 
agreement with the observed measurements. 

It became apparent that the formula for d’; was simply d; + 
V2i—V,? 

29 


In other words, an increased cross-section decreases 
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the velocity, with a consequent gain in the static head. This 
value must be added to the value for d, as calculated by the mo- 
mentum formula in order to obtain the true value of d’; in a slop- 
ing and expanding flume. In formula [8], d’: = 0.0363 VY gd, = 
(Vi—V gd:) + */2 d;, the value 0.0363 is the average for the 
two flumes in which experiments were made, and for the quan- 
V,? 


tities of water used in each. The form d, + is not 


dependent on observational data, since it has no empirical con- 
stants. The value of V> is always very small and may usually 
be neglected. When in doubt as to its value, the formula should 


dV 
be solved by the cut-and-try method. equals 
2 


1.0 
VALUE OF c 
SLOPE AVERAGE (i-sinta)? |__| 
047 0.564 0563 
07 zs 0.220 0420 0460 
\ 0.372 0568 
B 
06 — 
p 25 + 
% 
£04 
Vv) 
0.3 
0 NW 
| | 
03 04 05 06 O7 O08 O09 10 
Values of 
Fic. 7 Puorrina oF f (SIN a) AND ¢ FoR Equation [9] 


Putting the new value for d,’ in formula [8] gives 


V3? — Ve? 
29 


This form of the equation has but one empirical constant for 
each particular slope. The average value of c was computed 
from the data for each slope and found to be as follows: 


Slope, ft. per ft. Value of c 
0.147 0.584 
0.220 0:420 
0.300 0.372 


The exponent */; of sin a in the hypocycloid was changed to 
3/,, and the resulting function gave values of c for each slope 
which compared favorably with the above averages; thus 


Slope, ft. per ft. (1 —sin’/* a)’/* 


0.147 0.563 
0.220 0.460 
0.300 0.368 


Fig. 7 shows the average curve and the second modification of 
the hypocycloid. The third general formula for the computation 
of the tail-water depth for the hydraulic jump, when produced 
in sloping and expanding flumes, may then be written as follows: 


29 


d, 
(1 —sin’/* a)’/? +3... [10] 
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Accordingly, all runs were computed using this formula and 
the results checked almost exactly in every case with those as 
computed by Equation [8]. For this reason, it was not thought 
necessary to repeat the tables. 


DiscussiON AND CONCLUSIONS 


The problem involved was to find a combination of the depth 
and velocity of water before the jump, and the slope of the flume, 
and their relation to the tail-water depth. Many combinations 


hic. 8 Hypravuiic Jump 1x HorizontTat Ftume SHowine Rise 
IN CENTER OF Mass 


= f (sina), or 


were tried, such as =f (sina), 


(sin a), and al) proved unsatisfactory, the 


or simply 


reason being that the ratio d./d,; = J had to be taken into ac- 
count. The formulas finally developed eliminate the effect of 
J by subtraction. It was observed that a coefficient taking the 
form (1 — k sin a) times the d, for the horizontal condition, plus 
Y,, also varied with a change of J. Fair agreement with ob- 
served depths of dp were obtained with this equation for an aver- 
age value of k = 2.22. However, these results had to be modi- 
fied too much for extreme values of J, and a more constant rela- 
tion was looked for. 


From Curve A of Fig. 4 the relation was found 


to be much more constant in its variation with the variable 
sina. A rough test for angles greater than 20 deg. indicated 
that the value of f (sin a) approached zero as sin a approached 
unity. This fact indicated that c had no appreciable value 
when the angle was 90 deg. The term d,/cos a corrects d, for a 
sloping flume, and it can be readily seen that for small values 
of a, this term is nearly equal to d,. As the angle increases cos a 
decreases, approaching zero, with the result that this term be- 
comes infinite. 

Since Equation [3] did not hold strictly for computed tail- 
water depths when the water was flowing at or slightly below the 
critical depth, Equations [8] and [10] were developed and found 
to give a closer agreement with all observed results. For all 
practical purposes any of the three Equations [3], [8], and [10] 
may be used, as brought out by a study of columns A, B, and C 
in the tables. Equation [8] is much simpler to use because with 
4 fixed slope the formula may be reduced to one of three terms. 
For example, with a slope of 0.30 ft. per ft. of slope, where the 
value of c is 0.411, the equation becomes 


dy = 0.411 V gd: (Vi — + 4 


which finally reduces to 
dy = 0.0843V; Vd, — 0.273 dy + 


Equation [10] should really be solved by the cut-and-try proc- 
ess, because the actual velocity of the tail water is dependent 


on the depth dy and the width of the flume. The term V7 = Vo? 
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corrects exactly for the change of section and adapts itself to the 
particular flume used. Thus formula [10] is complete, since it 
takes care of the change of momentum by the d, formula, change 
of section by the velocity term, change of slope by the modified 
hypocycloid equation, position in the flume by the z term, and 
the correction of d; for the angle of the flume. The loss of head 
due to friction in turbulent water was considered to be so small 
that it could be neglected in all the formulas developed. 

The only data available for the development of these formulas 
have been for flumes having slopes of 0.147, 0.22, and 0.30 ft. 
per ft. of slope, respectively. After more data have been obtained 
for wider ranges of depth, velocity, and slope, it may result in 
some modification of these formulas, but it is believed that their 
general form will hold. Hydraulic measurements in rapidly 
flowing and turbulent water are necessarily open to observational 
errors, which are reflected in constants of empirically developed 
formulas of this type. It is, however, rather gratifying to note 
that the developed formulas hold with a surprisingly small 
percentage of error for quantities ranging from 1.0 to 40.0 c.f.s. 

The production of the hydraulic jump in sloping flumes has led 
the author to attempt an analysis of this phenomenon, based 
partly upon the mathematical deductions presented in this 
paper and partly upon an observational study of the jump in an 
experimental flume. The following discussion deals with flumes 
of constant width only. 

The accepted definition of the hydraulic jump is the turbulent 
passage of water from a depth below the critical depth to an al- 
ternate momentum stage above the critical depth. The water dis- 
sipates a large part of its kinetic energy in passing from the lower 
to the alternative or upper stage through the turbulent action pro- 
duced, and probably through much internal impact. When the 
jump is produced in a practically horizontal flume, the center of 
mass of the water is raised as shown by the dotted line in Fig. 8. It 
is this increase in potential energy that gave to the phenomenon 


a,-d = 
7 Ce + 
d,;! : 
\ % 
wher 
do % 
= 


Fie. 9 Errecr or CHANGE oF SECTION FOR WATER FLOWING AT OR 
ABOVE THE CRITICAL Depru 


the name of the hydraulic jump. The water moving at a high ve- 
locity below the critical depth must have the interposition of an 
outside force upon it in order to make it flow at the greater depth. 

An interesting condition arises, however, when the water is 
made to flow at the critical depth and into a large body of water, 
as shown in Fig. 9. The rise in the surface of the water is not 
accompanied by any turbulent action. The center of mass 
lowers instead of rises, and no jump is produced. The surface 
curve may be readily computed by the application of Bernoulli’s 
theorem. Formulas [8]. and [10] may be used to compute dp. 
In this case the depth d’; is increased simply as a result of the 
increased section. 

If the water flows below the critical depth under conditions 
similar to those illustrated in Fig. 9, a much more complicated 
condition arises. When the change of section is such that the 
velocity of the tail water is greatly reduced, and a jump is pro- 
duced at this change of section, there exists a combination of the 
two effects diagrammatically represented by Figs. 8and9. Sueh 
a combination is shown in Fig. 10 Here the center of mass 
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lowers and still a “jump” is produced. Mathematical calcula- 
tions for the value d’; must be corrected for impact and change 
of section. Formulas [8] and [10] reduce in the following 
manner: 


d, 


dy = (d’;— d) (1 — sin" + —— +2 
cosa 


Since a equals zero, sin a equals zero and (1 —0")'/? = 1, and 


COMBINATION OF JUMP AND CHANGE OF SECTION 


Fic. 10 


dy = (d’;—d,) 1 +z2=d',+2 


Formula [8] gives d’: = 0.0363 ~/gd, (Vi — + a, 
Formula [10] gives = d, + 
2g 

For formula [10] d2’ is found by the cut-and-try method, and 
friction is neglected. The value d,’ corrects for impact and the 
velocity term corrects for the change of section. If z = 0, 
Vo = V2 and d,’ = d; That is, the conditions are identical 
with those shown in Fig. 8. 

The tail-water depth computation becomes still more com- 
plicated when the jump is produced in a sloping flume. 
we have the water before the jump flowing below the critical 
depth and at some angle a with the horizontal. This angular 
impact reduces the value of d,’. That is, the value d.’ is less 
than it would be were the flume in a horizontal position. The 
exact path of the center of mass in the turbulent portion of the 
jump is indefinite, because the surface curve from which it is 
determined is indefinite. These conditions are illustrated in 
Fig. 11. If z has an appreciable value, the tail-water velocity is 
reduced, and therefore d,’ will be slightly increased. In the 
development of the formulas it was found necessary to subtract 


T 
cld;-d,) 


~~~_Path of the Center __ 
of Mass 
z a 
a ¢ 
l 


Hypravuic Jump 1n Stopine Ftume SHowine 
oF CENTER OF Mass 


Fig. 11 


d, from d,’ before multiplying by the hypocycloid term. The 
values d, — d, = j, and d,’—d, = j’, appear more significant than 
the d, or d,’ distances, and were used in the development of all 
‘three formulas, because they varied so regularly with a change 
of slope. The modified equation of the hypocycloid corrects the 
‘d,’ distance for a sloping flume. -Many more data will have to be 


compiled before it can be said that for any one slope c is exactly 
«constant. 


A slight fluctuation is observed, the magnitude of 


Here’ 


which is about the same as that due to observational error. Only 
a slight deviation is observed in the data, and this may be due 
partly to errors in flume construction or partly to the effect of 
friction. 

In general, formula [10] is complete and has been checked by a 
wide range of flume conditions and flow conditions. The curve 
of the modified hypocycloid does not quite fit the data obtained 
as shown in Fig. 7, but until more slopes are experimented with 
it is not possible to verify the exact curvature of this line. While 
work will logically proceed from Equation [10], the author be- 
lieves that eventually a general equation, void of any empirical 
constants, may be developed in some such way as the momentum 
formula was derived, and which will effectually bridge the gap 
between successive transitional back-water curves where impact 
is present. 
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Discussion 


A. G. Levy.? The author deserves much credit for the ex- 
cellent way in which he has analyzed the phenomenon of the 
jump itself as well as the mathematics involved in the derivation 
of the several formulas and coefficients entering therein. The 
paper is a fine contribution to a field of hydraulics in whieh 
little has heretofore been accomplished. 

In a report® by J. W. Ellms and the writer an attempt was 
made to locate the position of the jump on a sloping, expanding 
flume, under a definite set of conditions, by the introduction o! 
coefficients varying with the velocities before the jump. hes 
coefficients are of course applicable only to conditions comparabl: 
to those under which they were obtained. As limited as this 
method is, it furnished, so far as the writer knows, the onl 


means for locating the jump on a sloping, expanding flum: 
previous to the derivations of the formulas obtained by th 
author of this paper. Other engineers who had had occasion ! 
investigate problems of this nature had merely concluded tha 
for a given depth of tail water the jump invariably occurre¢ 
higher up the slope than the momentum formula indicated 
The lack of any method for locating the jump in a sloping flum 
makes this particular paper all the more valuable. 

It seems to the writer that, as the author himself states, he | 
Yquation [10] contains all the essential elements entering into ‘| 
right solution of the problem, with the possible exception of tb 
factor of friction. Inasmuch as friction is acting over a relative! 
short distance between d; and dy, during which time the veloci! 
is rapidly being reduced, it is not believed that that particul 
loss can have very much influence on the value of the coefficien" 
obtained and therefore on the general applicability of the formu 
It is of course possible that with very large flows under ve! 
high velocities, in which the distance between d,; and dy increas®* 
friction may play a more important part than is now evidet' 
The author’s analysis, however, covers a fairly wide range 
quantities, and if this factor were appreciable under conditio® 


2 Engineer of Construction and Surveys, Department of Pub 
Utilities, Cleveland, Ohio. 

3“Report on Experiments Made with the Hydraulic Jump 
as a Means by which Chemicals May Be Mixed with Water to Efe 
Its Purification,” by J. W. Ellms and A. G. Levy. 
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of velocity changes greater than those analyzed, it would seem 
that it would be more manifest now than it apparently is. 

While Equation [10] seems to the writer to be the most com- 
plete of the three, it is his opinion that Equation [8] is the most 
practical. The necessity for a cut-and-try method with the use of 
Equation [10] in which d, must be known before Vo can be 
obtained is apt to arouse considerable mental opposition, par- 
ticularly as the value of d, is not known beforehand, even ap- 
proximately. In the writer’s judgment Equation [8] will be the 
more generally employed, serving at least as a basis for all pre- 
liminary studies, with Equation [10] being used only as a final 
check. 

It would be an excellent idea if someone could develop a formula 
which would “effectually bridge the gap between successive 
transitional backwater curves where impact is present,” pro- 
vided that such a formula did not become too complicated for 
practical use. From the possible combinatigns of elements 
that might enter such a problem, the writer is not too optimistic 
of its suecess and believes that such a formula has its place in the 
realm of pure mathematics rather than in that of practical hy- 
draulics. Feeling that way, he is all the more appreciative of 
what has been accomplished and believes that the author has 
laid the foundation in his Equation [10] wherein all that is 
necessary is for future experimenters to confirm or modify his 
coefficients in connection with experimental conditions other than 
those which the author himself has studied. 


L. F. Harza.t Without checking over all of the author's 
paper or the formulas derived, the writer has observed one 
assumption which is believed to be a fundamental error in the 
author's hypothesis for deriving his formulas. He has assumed 
the elevation of the center of mass of the water as a measure of its 
potential energy. 1 was taught to consider the surface elevation. 

Bernoulli's theorem states that, neglecting losses, the sum of 
potential and kinetic energy in flowing water remains constant. 
The energy of any infinitesimal element of flowing water at any 
point consists of three items, energy of elevation, energy of pres- 
sure, and kinetic energy, the two former being in the nature of 
potential energy. The energy of elevation represented by the 
elevation of the element above any assumed datum, plus the 
pressure energy, represented by the depth of the element below 
the water surface, plus the kinetic energy V?/2g, is constant. 

The energy of elevation plus the pressure energy represents the 
total potential energy and is always equivalent to the elevation 
of the water surface above the datum. The potential energy is 
therefore equal to the elevation of the water surface rather than 
of its center of gravity. Likewise, in any conversion of potential 
to kinetic energy or vice versa, the change in elevation of the 
water surface, neglecting losses, should be equivalent to the 
change in V2/2g. 

This principle is so fundamental to all hydraulics that its 
truth or fallacy should be determined before a discussion of any 
of the remainder of the paper is in order. 


B. F. Groat.’ I note two points that might be mentioned: 
In most eases I think we must arrive at the forms of our equations 
by the indications of mechanics and mathematics, and not by 
the forms of plottings unless supported by theory, although 
there may be some exceptions. It is certainly wrong to determine 
the potential energy of flowing water, where the surface level is 
maintained by the flow, by reference to the center of gravity of 
the prism of water, upstream, downstream, or at any section. 
This has been a common mistake in the past and seems to have 
had some patronage in the paper. 

‘ Hydroelectric Engineer, Chicago, Ill. Mem. A.S.M.E. 

* Consulting Engineer, Ocean City, N. J. 
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L. F. Moopy.* This paper strikes me as being of considerable 
interest. I think it would make an excellent research subject 
for graduate students in colleges or some of the hydraulic re- 
search laboratories. It involves hydraulic laws applying to 
flow in general, and it is a subject that can rather easily be 
handled experimentally with comparatively simple equipment. 

One point that I question is the use of the dotted center line, 
shown in Figs. 3, 8, 9, 10, and 11, marked “‘path of center of 
mass.” It seems to me that this center-of-mass position is not 
the significant thing and should not be used for the basis of dis- 
tinction between the various phenomena, because the position of 
the center of mass, which is here merely the center of area of the 
flow, does not determine the potential energy, but only the 
elevation of the center of the section. The potential energy is 
determined by this elevation plus the intensity of hydrostatic 
pressure head at that point, and when you add these two quan- 
tities you come out with merely the surface elevation above some 
fixed datum. I think this point should be made clear. 

For example, the author says that ‘When the jump is produced 
in a practically horizontal flume, the center of mass of the water 
is raised as shown by the dotted line in Fig. 8,”’ and a little farther 
on he says, ‘“The center of mass lowers instead of rises, and no 
jump is produced.” 

I think it ought to be made clear there that the center of mass 
is not the significant thing by itself, but that the position of the 
water surface above a fixed datum is the significant thing in de- 
termining the potential energy. 

I also question the expression, ‘‘through the turbulent action 
produced, and probably through much internal impact.’”’ To my 
mind those two things are tied together and are merely two fea- 
tures of the same thing. The turbulent action absorbs and dis- 
sipates energy by internal friction and internal impact. So 
instead of expressing them as two different things, I think they 
are merely part of the same thing. 

One of the points which appealed to me was that the author, 
as I understand his paper, states that he desired to undertake a 
rational solution of this problem, but had not fully completed 
an analysis along purely rational lines, and therefore presents 
his conclusions as empirical relations, having in mind, I presume, 
that later he or other workers in this field might tie up these 
empirical expressions by comparing them with the results de- 
rived from a purely rational and mathematical analysis. 

I should prefer to have seen a thoroughgoing rational analysis 
made first before the attempt to derive empirical relations, 
because after much experience in such problems I have more 
and more come to the thought that the presentation of results by 
purely empirical methods is rather dangerous and not conclusive. 

For example, in many hydraulic problems we could take the 
results obtained experimentally and plot them into curves against 
the particular variables which we believe have the controlling 
influence, and then derive empirical equations to fit these curves. 

Now very often in applying this method you will obtain a 
series of points, put a smooth curve through them, and then find 
it is very difficult to say just what the form of equation is that 
best suits those curves. You might obtain a curve that looks 
like a parabola, and then apply a parabolic equation. With 
very little change you might apply a hyperbolic equation or an 
exponential equation, and usually the accuracy of the experi- 
mental data is not sufficient to establish which is the proper 
contour. 

You can often arbitrarily select any number of mathematical 
equations which give you a curve that will closely fit the one 
plotted. Therefore for the usual range of experimentation 
the hydraulic data are not as a rule accurate enough to determine 

* Consulting Engineer, I. P. Morris Corporation, Philadelphia, 
Pa. Mem. A.S.M.E. 
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the form of the curve. We therefore have to assume some form 
of curve, whether hyperbolic, exponential, or something else, 
and fit our equations to it, which will give a rough rule that we 
can apply with reasonable accuracy. 

But that does not go to the root of the problem. That is one 
reason why I think this subject deserves further study by the 
author and any others whose interest we can enlist in the matter, 
to investigate analytically the conditions and to determine a 
really rational solution. It may come out in close agreement with 
what the author has derived empirically, and again it may not. 
It may involve other factors. 

I should be hopeful that, if such a rational result may be 
reached, it can be made broad enough to tie the sloping-flume 
phenomena with the horizontal-flume phenomena so that the 
single equation will suit either. 

I was interested in Mr. Levy’s suggestion that friction will 
require experimental coefficients of correction. But I agree with 
him that this is a case where much the larger part of the action is 
that of turbulence and velocity-head conversion, and the fric- 
tion will play a relatively minor role, so that a purely rational 
expression should give us quite a close basis for building up our 
final formula. 

I was anxious to obtain the views of R. D. Johnson, of New 
York, on the subject, because he has been interested in the 
hydraulic-jump problem, but Mr. Johnson wrote that the time 
was so short and the subject so complex that he could not present 
a formal discussion, and could offer only a few suggestions; 
and I have his permission to read some of these. He writes: 

You are of course perfectly right in pointing out an obvious weak- 
ness in Mr. Ellms’ paper where he tries to deal with the so-called 
change in the center of mass as an indication of the change in po- 
tential energy. As you say, the significant thing is the change in 
surface elevation. 

To make this point a little more clear, it occurs to me that if 
you take a tank filled with still water and raise the bottom on one 
side of the tank to a higher elevation than on the other, you can 
plot in a curve of the center of mass, but that has no significance. 
The water is not moving, and it does not even represent potential 
energy, but only the elevation part of it, since the surface ele- 
vation is the thing which determines the potential energy, and 
that is the same throughout the still-water tank. 

Also, if you take the flow over a weir, the center of mass 
curve would run along at the center of the depth in the approach 
channel and would rise as the water goes over the crest, but there 
is not any increase of potential energy; in fact, there is a decrease 
represented by the drop of the surface curve as the water passes 
over the crest. So this curve of center of area or center of mass 
is of no significance there. Mr. Johnson continues: 

The most serious defect which I find in this paper is the failure to 
take into account all of the forces which are acting. Take for ex- 
ample the simple case portrayed in Fig. 10; the free forces there 
acting are a hydrostatic triangle opposed to the flow equal to 

dg? + 2 
(for unit width of flume and unit weight of fluid) and a hydrostatic 
triangle favoring the flow equal to 
(Z + dh)? + 2 

The difference between these forces should be equal to the rate at 
which the momentum changes or 
(V2 — Vo) 


It looks as though this would result in a cubic equation which 
would have to be solved by trial, but it would not appear to be very 
much like the author’s solution of this particular case. 

I, myself, have no disposition to offer any adverse criticism of 
this paper without putting in enough time to develop a rational 
formula for his general case of sloping flumes. The author, 
at any rate, deserves a lot of credit for having tried to adapt an 


empirical equation to the phenomenon in question, and I have little 
doubt that his formula is quite accurate for the range already covered 
by experiments, but I should never be satisfied to make use of such 
an empirical equation for conditions very much outside of the range 
of experiments, as this is always a dangerous thing to do, especially 
in hydraulic problems. 


In a second letter, Mr. Johnson says: 


I might call your attention to another matter on page 5, next to 
the last paragraph, under Fig. 9. The condition which he cites 
would certainly be most interesting if true. As I read it, the author 
says that the difference between d2’ and d,; is simply that due to the 
difference in velocity heads between Vo and V,. I can scarcely 
think I am reading correctly and I should like to know if that is 
what you read. This would indeed be most remarkable, because 
there would then be no turbulence whatever if a stream, say, 10 fr. 
deep at about 18 ft. velocity, should run abruptly into a deep poo! 
over a sharp edge, and furthermore, according to the author, this 
complete recovery would be independent of the value of Z. a 5 

If the value of Z is very great so that Vo is substantially zerv, 
then we should have a lifting of the water surface equal to 5 fr, 
with no turbulence whatever for the case I have cited. 


Mr. Johnson further continues in still another letter: 


I might call your attention to the author's application of Equation 
[10] to Fig. 10 on page 6. As I read this equation, it seems to say 
that the jump according to Fig. 10 is greater than would be the case 
in a straight flume (that is, with Z = 0) by an amount equal to the 
difference between the velocity heads of that which would obtain 
after the jump in a straight flume and that which exists due to some 
value of do greater than dp. 

It seems quite obvious that the introduction of a vertical drop in 
the flume bottom equal to Z would reduce the value of d2’ below 
that of d; instead of increasing it. His formula is, however, con- 
sistent with his statement that the full velocity head would be re- 
covered when d; corresponded to the critical depth, for then dg would 
equal d, and the rise in surface elevation would be that due to the 
difference between the velocity heads. This is of course sufficiently 
wild to require no demonstration of its incorrectness. 


Mr. Johnson has plotted a curve (Fig. 12) showing how thi 
results came out graphically. I am merely putting these points 


20 25 0 
de 

Fie, 12 
in at this time, thinking that the author may himself be able to 
explain the matter. I suspect, however, that these results are 
merely such as are generally to be expected from an empirical 
formula based ona relatively narrow range of experimental results 
when we try to apply the empirical equation to extreme con- 


ditions, and that is where they begin to fall down. 
I do not want to be understood as submitting these suggestions 
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in a critical spirit, because, as I said, | have not been able to 
give the paper enough study to warrant that. 

In closing, I want to express my appreciation of the work by 
the author. I think he deserves much credit for the large amount 
of experimentation he has put into this and the considerable time 
he has expended in formulating the results empirically. And he 
should not be criticized for not having obtained a rational solu- 
tion. But I am hoping that he may be able to supply further 
rational analysis of his results in the future. I think that we all 
ought to encourage just this kind of work on the part of our 
active engineers, as it is just what the hydraulic art needs, and 
[ say “‘art’’ advisedly. 


Rk. L. DauGuerty.’? I have not had time to analyze this 
paper completely; however, only the first equation is a rational 
one and all the others are purely empirical without any rational 
basis whatever. Like Mr. Moody, I should prefer to see a 
rational analysis made first which would be very general in its 
scope and would include all dimensions and all cases, and then 
we should modify that in the light of such experimental data as 
we should have before us. 

[| agree also with Mr. Moody that the dotted line showing the 
path of the center of mass is of very little or no significance. It 
is the surface curve that really tells the whole story. 

| should hope to see more work done in the line of making a 
rational analysis and then see how that would have to be modi- 
fied in slight ways in the light of this experience. 

| might at this time add something else, which is a side issue. 
The failure of the St. Francis Dam in California is perhaps one 
of the most extensive hydraulic experiments of which we are 
aware. 

It seems to me a great pity, so long as the experiment had to 
come about accidentally, that we could not have taken some 
real data on it. If it had happened in the daytime instead of at 
midnight, and if there could have been some observers who could 
have taken pictures, preferably with a moving-picture camera, 
or if we could have had some of these gages described in the 
paper to give us a record of what happened, it would have added 
enormously to our knowledge of this problem of non-uniform 
flow, because this paper is a special case of non-uniform flow. 

As | see it, this case in California involved two types of non- 
uniform flow. One is the hydraulic jump that the paper de- 
scribes, because the depth of the water some distance down the 
canyon below the dam was greater than the depth of the water 
immediately below the dam, so there was a hydraulic jump on a 
large scale. We know that, because the sides of the canyon were 
previously well covered with brush. Now as you walk down the 
canyon you see bare, almost polished, rocks to a height of 100 ft. 
on either side, and we can tell from that what the water surface 
must have been. So we know that there was a hydraulic jump. 

[ hope with what we have it will be possible for some careful 
surveys to be made so that we can perhaps fix the water surface 
irom the evidence we have there. There was a big hydraulic 
jump below the dam. Then as you go down the stream we 
have the other phenomenon which is generally known as the 
“bore,” where we have almost a vertical water surface advancing 
rapidiy down the canyon. If we could have had complete data 
on that, it would be of great value. But I hope that even as it is 
we May rescue a little information from what happened there 
from the evidence that has been left behind. 

| also wish to thank the author for the work he has done on this 
subje: t. It is an important subject, one that has been but very 
little investigated in reality, and he has added a great deal of 
real value to our knowledge of it by the careful data he has 


* Professor of Mechanical and Hydraulic Engineering, California 
Institute of Technology, Pasadena, Calif. Mem. A.S.M.E. 
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presented, and it is a very hopeful start in what we trust will be 
a solution of the problem. 


R. L. Sacxetr.* This is a very valuable contribution to the 
study of hydraulic jump. This phenomenon has become of 
considerable importance during the last few years, first, as a 
method of absorbing energy, and now as a means of mixing chemi- 
cals preliminary to precipitation in water purification. I think 
this is a very natural method of approach. Certain data were 
obtained, and the application of an empirical formula to fit them 
is quite in line with the usual method of attacking problems 
of this kind. 

The inferences that they have made are sound. We ought to 
proceed, on the strength of what we have already obtained, to 
a further analysis by mathematical methods, which should lead 
us to a final analysis and a solution which would apply to any 
conditions. 

The criticism has been made that the locus of the center of 
mass was deceptive, or at least of no importance. If we have 
a given condition such as one depth of flow and a given slope, 
then of course it is true that the center of mass is not the locus of 
the center of energy in the consecutive sections. At the same time 
there is, under a given condition, a very close relation between 
the locus of the center of mass and the locus of the center of 
energy and the surface contour. They are all related. If you 
vary the conditions, you will change the locus of the center of 
gravity of the section, you will change the locus of the center of 
energy, and you will change the surface curve, so that while it 
does not represent anything of great importance, it is related to 
those factors that are of importance. 

We have just built a hydraulic jump at the college, purely for 
the purpose of absorbing energy, so the erosion below it in an 
earth canal such as used in irrigation would not be of a character 
to cut back underneath the concrete and thus endanger it. This 
subject is therefore of interest to us. Our conditions vary a little, 
in that the charnel below the jump is widened so that it is 
slightly wider than the channel of approach. The slope of 
the channel is fixed, but there is an opportunity there to carry 
on experiments. 


AUTHOR’s CLOSURE 


The author is indebted to the men who have so generously 
contributed to the discussion of his paper and wishes to express 
his appreciation for the work they have done, and the helpful 
attitude they have taken toward the development of a rational 
solution for this problem. 

The empirical equations which the author derived from ex- 
perimental work satisfied the need for a ready and ‘‘exact’”’ 
method for calculating the tail-water depth of the hydraulic 
jump when it is produced in sloping and expanding flumes. 
Formula [10] conforms strictly with present practice in hydraulic 
engineering. It is substantiated by actual test data which cover 
a fairly wide range of experimental work. The two slopes tested 
in the thesis work gave an average deviation of about 6.2 per 
cent, while a third slope tested by A. G. Levy and J. W. Ellms 
gave an average of only 2.9 per cent deviation from the corre- 
sponding depths as computed by formula [10]. Bidone’s original 
experiments were conducted in a flume which had a slope of about 
0.02 ft. per ft. All of his readings were much too great to com- 
pare favorably with the depths as computed by the momentum 
formula. However, if formula [10] is used to correct his results 
for a sloping flume, a much better agreement between his mea- 
sured depths and the computed depths will be found. 

In the process of developing this empirical formula, the author 


8 Dean of Engineering, Pennsylvania State College, State College, 
Pa. Mem. A.S.M.E. 
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followed what seemed to him a logical procedure. It is evident 
that the same reasoning here resorted to cannot be applied 
when a rational solution is desired. In the discussion and con- 
clusion to the paper, he made an attempt to justify formula [10], 
and tried to establish some sort of a logical reasoning process 
which he hoped might finally lead to the true rational solution. 
He is not surprised that the individual steps should be mis- 
leading. Obviously, Fig. 9 is only theoretically possible. As 
drawn, the friction and sudden expansion losses are great enough 
to offset almost entirely the gain in head. The curve plotted by 
Mr. Johnson illustrates this loss in head very clearly. A similar 
loss in head would be experienced for the condition pictured in 
Fig. 10. 

However, by making the assumptions based on the foregoing 
theoretical conclusions, the author was able to eliminate the 
automatic effect of “change of section’? experienced with jumps 
produced in sloping flumes. His deductions were correct, because 
by making these steps he discovered that by adding the velocity- 
head term to the depth d:, as calculated by the momentum 
formula, he obtained formula [10], which contains only one em- 
pirical constant and which satisfies all the data far better than 
formula [3]. 

It must be remembered that if a flume in which a jump is pro- 
duced has even a slight slope to it, the discharge of the water 


above the jump is, theoretically at least, into a body of water of 
infinite size. A gradual slope of the flume affords excellent dif- 
fusing conditions for the water just below the jump, and therefore 
almost a perfect conversion of velocity head into static head re- 
sults. Here, friction retards the flow in the usual manner. As 
the angle of the flume increases, the impact or shock losses in- 
crease, and consequently it becomes more and more difficult to 
regain the velocity head. On this basis a separate ‘‘diffusion 
factor’? should be entered into formula [10] which varies with 
the slope, and which is now an integral part of the constant ¢. 

Aside from this action there exists a loss of energy which is 
inherent in the process of producing the jump in a sloping flum: 
This loss is due to the change of direction of velocity after im- 
pact, and, so far, the author has not been able to account for i 
by a rational analysis. The constant c in formula [9] at present 
takes care of this condition in an empirical way. A study of the 
rise and fall of the center of mass of the water may aid in a rationa! 
solution of the problem. The author made use of it only because 
he thought it might furnish some clew to the solution of this 
phenomenon. All methods that he has tried for a rational soli- 
tion failed to give anything but indeterminate results. 

The author is in hope that subsequent discussions will clear 
the matter up, for he firmly believes that the empirical solution 
will eventually yield to a rational one. 
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Notes on “‘“A New Method of Separating the Hydraulic 
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By MICHAEL D. AISENSTEIN,? BERKELEY, CALIF. 


‘HE author has received queries as to how to proceed when 


h — ho 


Q Qo 
range of Q, which is a very common occurrence. 
best illustrated by an example. 

Given the characteristics of an 8-in. two-stage pump, operating 
at 960 r.p.m., the inlet diameter of the impeller d; 9 in., 
the outlet diameter d, = 21 in. 

First tabulate the values of Q and the corresponding values of 
h, as shown in Table 3. 
| h — he | 

The points | Q, ———— | when plotted do not lie on a con- 
Q— 

tinuous straight line but form two straight lines AB and BC, 
Fig. 4a. Since the analysis is based on the consideration of the 
point of the maximum efficiency, the points lying on the AB 
portion should be included only. Following the procedure 
indicated in the paper, we have 


3a + 48006 = —0).1851 
2a + 5200b = —0).1737 


| 


| does not plot as a straight line for the entire 


This can be 


Solving for a and 8, 
a = —0.02146 
b = —4).00002515 
Substituting these values in the equation 
h—ho 
Qo 


a+bQ 


and solving, 
h = 237.8 + 0.05902 Q — 0.00002515 Q? 


Further, ug = 88 ft. per sec. and u, = 37.7 ft. per sec. From 
Equation [16] of the paper, A = 196.6 per stage, or 393.2 for_two 
stages. 

From Equation [22], 


D = V 393.2 — 237.8 = 12.48 


0, 

The point of maximum efficiency occurs at 2200 No. g.p.m 
gal. per min., therefore 2 400 
‘Supplementing the author's paper of that title 
published in Trans. A.S.M.E., vol. 50, no. 3, January- 5 1600 
April, 1928. 6 2000 
* Hydraulic Engineer, Byron Jackson Pump Mfg. 8 —. 
Co. Jun. A.S.M.E. 9 3200 


12.48 


= 0.00443 


Lap 


Head 


| 
400 B00 12001600 20002400 4000 
Gallons per Minute 
Fic. 4a CHaracteristics oF 8-In. Two-Stage Pump Usep IN 
EXAMPLE 
From Equation [24] 
= 0.00000553 
From Equation [23] 
B = —0.05148 


Substituting all these values in Equation [15], 


h = (393.2 — 0.05148 Q) — 0.00000553 Q? — 
(Friction loss) 
(12.48 — 0.00443 Q)? 
(Shock loss) 


The friction and shock losses are now to be entered in Table 3. 

It is evident that in this case the losses are determined for the 
region covered by the AB line only. This being the region of the 
maximum efficiency, gives the desired information to the designer. 


TABLE 3 
nh, 
h, ah, =f, hs, H, per 
ft. @—Qo h—he 0 — Qo ft. ft. ft. ft. ft. cent ae 
253 —3200 84 -—0.0262. ... 
268 -—2800 99 —0.0354 ... 
273 —2400 104 -—0.0432 ... 
272 —2000 103 -—0.0515 271.6 +0.4 7.96 51.4 331.4 82.1 
268 —1600 99 —0.0619 267.7 +0.3 14.2 29.1 311.3 86.0 
255 -—1200 86 —0.0717 255.5 -0.5 22.1 13.1 290.2 87.7 
234 — 800 65 —0.0812 234.4 -0.4 31.9 3.4 269.3 86.9 . 
206 — 400 37 —0.0925 205.9 +0.1 43.3 0.0064 249.3 82.6 
169 169.1 —0.1 566 —2.96 228.6 73.8 
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Friction in Dredge Pipes 


By JAMES H. POLHEMUS,' PORTLAND, OREG., anp JOHN R. DuPRIEST,? MINNEAPOLIS, 


This paper presents some information on pipe friction for dredge 
pipe 29 in. inside diameter and with velocities up to about 20 ft. 
per sec. The data were obtained during some recent tests of large 
hydraulic dredge pumps, and on account of the large size of the pipe 
and the high velocities encountered it was thought worth while to 
present the information for the benefit of others engaged in dredge 
work. 

An analysis is also given of the data showing how the equation 
for loss of head in pipe lines can be modified so as to give a con- 
stant friction factor as velocity varies instead of having both velocity 
and friction factor vary in the equation. 


one to those engineers engaged in any way with the han- 

dling of liquids, and a great many experiments have been 
made under different conditions with different fluids and with 
various kinds and sizes of pipe to determine the loss owing to 
so-called pipe friction. 

Some time ago the writers made very thorough tests of several 
large dredge pumps to gather data for use in designing the main 
pump for the Port of Portland’s new Diesel-electric dredge 
Clackamas. The pump on this new dredge was to have a 
greater operating range than any dredge pump of its class pre- 
viously built, and for this reason it was very desirable to obtain 
the best information possible before getting out the designs. 


= subject of pipe-line friction is always an interesting 


Fic. 1 Rupper SLEEVE CONNECTOR 

During these pump tests the opportunity was presented to obtain 
other valuable information pertaining to the operation of pipe- 
line dredges, and this paper presents some information based on 
data gathered at that time. 

It is not often that thorough tests can be conducted on pipes 
a8 large as 29 in. inside diameter and with velocities as high as 
20 ft. per sec., and for this reason it is hoped that the results ob- 
tained from these tests will add something to the literature on 
the subject of pipe-line friction. The pipe used in these tests 
was hutt-welded steel pipe '/2 in. thick made up in 30-ft. lengths 
with flanges riveted on it. The pipe was bolted up in 90-ft. 
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sections, and rubber sleeve connectors about 3 ft. long were 
used between the 90-ft. sections. Fig. 1 shows a picture of one 
of the flexible rubber connectors. 

The length of pipe line between gages used for determining 
pipe friction was 1046 ft. and included 11 rubber sleeve con- 
nectors. The pipe had been in use for only a short time, was 
highly polished, and was probably as smooth as it is possible to 
get dredge pipes. The rubber sleeves were practically new and 
in first-class condition. The pipe line can therefore be con- 
sidered as in the best condition throughout. 

Fig. 2 shows a diagrammatic arrangement of the set-up for the 
tests, and it will be noted that on the end of the floating line a 
number of nozzles were attached. By varying the size of the 
nozzles, together with changes in speed of the pump, any con- 
ditions of pressure and velocity could be obtained within the 
capacity of the pump. Data were taken during three different 


Lamp-Cord leads 


/0 Conper 
Wire 
vo/# 
/ Sp rator 4 Pump Detector 
“Pipe 
Quick Act — 
nq Va 0 
10 Bucket Discharge 


for Brine 


Scueme or Evectrica, Metuop For VELOCITY 
MEASUREMENTS 
Dischari Gage loltmeter--- 
Pump “Line Pressure Nozzle 
Solution ~Suction Ga 
of Pipe 1046 ft of Pipe -----------» 
x8 * 


ELEVATION DIAGRAM 


Fig. 2 Layout or Test PLant SHowine Nozzies at oF 
FLoaTiInG LINE 


pump tests, and it is believed that sufficient information is avail- 
able to leave little doubt as to the accuracy of the results ob- 
tained. 


MEASURING Pire-LingE VELOCITY 


The value of the results presented in this paper depends on 
the accurate determination of the velocity of flow through the 
pipe, and a few words of explanation here will show how the 
velocity was obtained. 

The method used to determine the velocity of flow through the 
pipe line is known by dredge testing engineers as the salt-solution 
method and is carried out as follows: Two insulated electrodes 
(Fig. 2a) are inserted in the pipe line, separated by a few inches. 
A dry cell and millivoltmeter are connected between the elec- 
trodes. The resistance of the circuit is such that, with ordinary 
river water flowing, a small deflection is shown on the voltmeter, 
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but when a salt solution is introduced into the stream and passes 
the electrodes, the deflection of the voltmeter increases consider- 
ably owing to the better conductivity of the salt water. The 
sensitiveness of the method will be appreciated when it is known 
that the resistance of ordinary river water will vary from about 
2000 to 5000 ohms per cc., whereas the resistance of a 5 per cent 
solution of pure salt water will be about 15 ohms per ce. 

During these tests about 2 gal. of saturated salt water was 
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introduced into the pipe line at each velocity test. Two velocity 
determinations were made for each run, and when the two did 
not agree closely, a third test was usually made. 

The following readings were taken during the tests: Time 
required for the salt solution to enter the pipe; time required 
for the salt solution to pass the electrodes; time from the opening 
of the valve to admit the salt solution until the salt water reached 
the electrodes, i.e., when the voltmeter needle first began to 
change. The velocity was then found from the following equa- 


tion 


where D = distance in feet between point where salt water was 
introduced and the location of electrodes 
X = number of seconds to introduce salt water 
Y = number of seconds for salt solution to pass voltmeter 


T = number of seconds from time of opening salt-water 
valve until solution reached electrodes. 


The velocities as found by this method are plotted in Figs. 3, 
4, and 5, and the results obtained give good curves. On account 
of having families of curves it is very much easier to detect errors 
and also much easier to give proper locations to the curves. A 
careful analysis of the results by cross-checking with other curves 
showing different data for the same tests indicated that, for the 
points which do not fall on the curves, speeds are in error in some 
cases and velocities are in error in others. Altogether the data for 
the three tests are very consistent, and certainly very little 
change could be made in the locations of the various curves. 
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The difference between the line pressure, which was taken 
about 40 ft. behind the dredge, and the pressure just ahead of 
the test nozzle should represent the head lost in the 1046 ft. 
of floating line. In the first efforts to study this data the values 
as observed were subtracted to give head lost in the line, but it 
was soon found that slight errors of observations caused a large 
percentage of error when dealing with the small heads lost at 
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low velocities. To reduce the effect of observation errors curves 
were plotted, as shown in Figs. 6, 7, and 8, using line pressure as 
abscissas and nozzle pressure as ordinates. 

It will be noted that the curves are essentially straight lines, 
except for the large nozzles, and as the scales chosen place the 
curves near the 45-deg. position there is little chance for error 
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in the location of these curves. The results obtained by 
use of these curves confirm this as they are remarkably consistent. 
The friction factors were first found by use of the well-known 
equation 


flv? 

where H = head lost in line in feet of water 
1 = length of line in feet 
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TABLE 1 HEAD LOSS DUE TO PIPE FRICTION 


Line Nozzle Head Pipe line 
pressure, pressure, lost,* Pump velocity, 
lb. per lb. per ft. of speed, ft. per 
sq. in. Sq. in. water r.p.m. sec. 

Nozzle diameter 10 in. 
5.30 219 6.5 
.2 6.45 236 7.2 
.9 7.15 252 7.6 
.5 8.06 268 8.2 
.0 9.21 282 8.7 
6 10.2 296 9.1 
3 10.8 5 


Nozzle diameter 12 in. 


10 7.8 5.08 158 7.4 
15 11.7 7.60 179 8.6 
20 15.7 9.91 198 9.7 
25 19.6 12.5 217 10.7 
30 23.5 15.0 236 11.7 
35 27.5 17.3 254 12.7 
40 31.4 19.8 271 13.6 
45 35.4 22.2 288 14.4 
Nozzle diameter 16 in. 
10 6.9 7.15 162 9.4 
15 10.4 10.6 186 11.0 
20 13.9 14.1 208 12.4 
25 17.4 17.5 230 13.7 
30 21.0 20.8 250 14.9 
35 24.3 24.7 270 16.0 
Nozzle diameter 20 in. 
10 3.4 15.2 168 12.0 
15 5.7 21.4 200 14.3 
20 8.5 26.5 231 16.4 
25 11.4 31.4 260 18.2 


* Lost heads are for 1046 ft. of dredge pipe 29 in. inside diameter. 


ll 


velocity of water in feet per second 
diameter of pipe in feet 

32.2 

friction factor. 


“sa ae 
oil 


ll 


Data for finding f are given in Tables 1, 2, and 3, and were 
found in the following way: For given selected line pressures at 
the first gage, pressures at the second gage or nozzle pressures 
were read from curves T1-7, T2-7, and T3-7, Figs. 6, 7, and 8. 
For the same line pressures, pump speeds were read from curves 
T1-17, T2-17, and T3-17, Figs. 9, 10, and 11. For the pump 
speeds obtained, pipe-line velocities were then read from curves 
T1-6, T2-6, and T3-6, Figs. 3, 4, and 5. With these data as 
given in Tables 1, 2, and 3, values were calculated for the friction 
factor f. The results were very consistent and agreed very well 
with some published data that were available. 

Curve T2-25, Fig. 12, shows the relation between the friction 
factor f 
2gd X H 


l X v? 


and pipe-line velocity as found in this way for one test, and the 
other tests gave similar curves with values just as consistent. 
The writers, however, feel that there should be little cause for 
change in the friction factor as velocity changes in a very smooth 
pipe, and also, since the variable value of f is more troublesome 
to use in practice, it was thought worth while to study the data 
carefully to see if a better relation could not be obtained. 

The results were analyzed by the use of logarithmic paper, and 
it was found that if an exponent of about 1.75 were used for v 
instead of the second power, the coefficient f became a constant. 
It has long been thought by some engineers that the second power 
was not correct, and a value of 1.75 has been suggested by several 
writers. 
In Fig. 13 all of the data for lost head against pipe-line velocity 


Line 
pressure, 
ib. per 
Sq. in. 


* Lost heads are for 1046 ft. of dredge pipe 29 in. inside diameter. 


pressure, 


Ib. per 
sq. in, 
Nozzle 


TABLE 3 


Nozzle 
pressure, 
Ib. per 


Line 


pressure, 


Ib. per 
sq. in. 


Ononw 


to 


7 
0 
16.7 
9 
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* Lost heads are for 1046 ft. of dredge pipe 29 in. inside diameter. 


are plotted for the three tests. 


sq. 


ts 


from the equation 


HEAD LOSS DUE TO PIPE FRICTION 


in 


wer 


O 


where n = 1.75, and 
f = 0.0280 


and the small circles are test-data points. Considering the large 
scales used in plotting these data, the test points fall remarkably 
close to the mathematical curve. 
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Nozzle 


Nozzle 


Nozzle 


Nozzle 
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Nozzle 


Nozzle 
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Head 

lost, * Pump 
ft. of speed, 
water r.p.m, 


diameter 10 in. 


Head 
lost ,* Pump 
ft. of speed, 
water r.p.m. 
diameter 10 in. 
6.00 215 
7.16 235 
9.47 255 
10.6 277 
diameter 12 in. 
7.40 200 
9 O1 220 
10.9 235 
12.5 250 
14.3 267 
diameter 14 in. 
6.00 155 
9.24 180 
11.3 205 
14.1 230 
18.7 257 
diameter 16 in. 
10.2 165 
13.6 185 
16.4 205 
19.2 225 
23.4 248 
diameter 20 in 
17.8 175 
20.6 190 
23.1 205 
27.0 220 
30.7 234 


TABLE 2 HEAD LOSS DUE TO PIPE FRICTION 


Nozzle 


Pipe line 
velocity, 
ft. per 


sec. 


The large circles are plotted 


s+ Head in feet for 


20 
velocity, 
ft. per iF 
sec. 
: 30 27.5 5.76 215 6.6 Si 
© 35 32.1 6.70 232 7.2 
40 36.7 7.61 248 rs 
45 41.4 8.30 264 ‘3 t) 
50 46.0 9.23 278 8.6 
55 50.5 10.4 291 9.0 0 
: 60 55.3 10.9 302 9.3 gi 
diameter 12 in. tr 
15 13 15 12. 4.85 165 6.6 
: 20 17 20 17. 6.23 185 7.6 U 
‘ 25 21 25 21 7.85 204 8.5 { 
30 26 30 26 9.23 222 9.3 . 
: 35 30 35 30. 10.6 240 10.1 
rp 40 35 40 34 12.0 257 10.8 
f 45 39 45 39 13.6 273 11.4 
50 43 50 43. 15.0 255 12.0 
: Nozzle diameter 14 in. MEE diameter 14 in. | 
15 ll 7.61 171 8.8 
Ls 20 15 9.92 192 10.0 : 
25 19 12.0 213 11.2 
30 23 14.3 232 12.1 “ 
: 35 27 16.6 251 13.1 
40 31 18.9 269 13.8 
45 35) 21.4 285 14.6 
ME diameter 16 in. ‘ 
; 10 6.6 7.85 153 9. a 
15 10.0 11.5 178 10 5 
20 13.5 15.0 202 12 
25 17.0 18.5 225 13 
; 30 20.4 22.2 246 14. a 
Ss 35 23.8 25.8 267 15 
diameter 20 in. 
10 £2 16.8 171 12. 
: 15 5.5 21.9 197 14 
20 $3 27.2 224 16 
a 25 11.0 32.3 248 18 
|| 
29 6 6 
35.9 
| 42.7 
50.3 Ph 
25.2 2 8 
31.0 7 9 
35.9 1 10 
41.0 11. 
47.0 11 
1 1l 7.6 
14 9.4 
2 19 11.0 
3 25 12.5 
4 32 14.1 
9 9.6 
11 11.3 
14 12.9 th: 
18 14.4 
23 16.7 Pry 
4. 12 
5. 14 
6. 16 
8. 17 pri 
the 
ling 
lv” 
2 
29d per 
fa 
dia 
lost 


There are about one-hundred points from test, plotted in Fig. 
13, covering three tests made on different days and each test 
lasting between 12 and 18 hours. The points grouped around 
any given velocity, say 12 ft. per sec., represent conditions for 
several different speeds and pressures at the pump. 

In view of the large amount of data available, the length of 
time of the tests requiring changing observers every eight hours 
or less as the dredge crew changed, the results are very con- 
sistent, and it is believed that they will be found to be entirely 
trustworthy. 

+ While the results from these tests give a friction factor of 0.028 
for 29-in. dredge pipe in good condition, it must be remembered 
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that the rubber sleeve connections between the 90-ft. sections of 
pipe cause some loss owing to disturbance to flow, and therefore 
smooth steel pipe with flush joints of uniform diameter should 
give a slightly lower coefficient. 

The shore pipe uses metal slip joints, and while each joint 
probably offers much less resistance to flow than a rubber sleeve, 
the joints come every 30 ft., and the total resistance in any long 
line will probably agree very closely with the results obtained by 
use of the equation given. 

CONCLUSIONS 

While the old method of using a variable friction factor de- 
pending on the velocity, as shown in Fig. 12, will give good results, 
the constant friction factor seems more logical. The values for 


f and also for n, as found from these tests, are for pipe 29 in. inside 
diameter and may not hold for other sizes of pipe, as the head 


1 
lost may not vary as 7 


HYDRAULICS 


HY D-50-7 21 


It is hoped that in the near future tests can be conducted on 
other sizes of dredge pipe and compared with the results given 
in this paper, to find out if the head lost owing to friction is 
inversely proportional to the diameter or whether the equation 
should take the form 


flo” 
2gd* 


If it is found that d should have an exponent slightly different 
from 1, the values for f and n as found in the foregoing, may 
change slightly. However, it is believed that suitable values 
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can be found for both n and z which will give a constant value 
for f for all sizes of dredge pipe. 

It is hoped that engineers who have accurate test data available 
will make comparisons with this work to check the accuracy of 
the results as given, and the authors will be very glad to dis- 
cuss the subject further with any engineers interested in this 
problem 


Discussion 


Micuaet D. AlsensteEIN.’ It is interesting to compare the 
results obtained by the authors with the results predicted from 
the equations of flow embodying the Reynolds criterion. This 
may be accomplished as follows: 

The exponential formula, in general, derived by means of the 
principle of dynamic similarity, is 


—.. 
(1) 
or 
l vy? vd 
¢ ) [2] 
where v = velocity of flow in feet per sec. 


l pipe length in feet 

h = head in feet 

vy = kinematic viscosity in English units, and 
g = gravitational constant = 32.2. 


For steamline flow, that is, when vd/»y < 2000, the coefficient of 


friction 
vd 64 


3 Hydraulic Engineer, Byron Jackson Pump Mfg. Co., Berkeley, 
Calif. Jun. A.S.M.E. 
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For turbulent flow, or when vd/» > 2000, the writer, from avail- 
able experimental data of different authorities, determined the 


coefficient to be:* 
vd a 0.167 


Vv 
Substituting in [2], 
p!-830 


qd'.170 29 


or for clean water having a kinematic viscosity of 0.00001077 at 
68 deg. fahr., 


l p!-830 


qd}-170 29 


hy = 0.0239 .. [6] 
Inspecting Equations [1], [5], and [6], one can see that the 
exponents for d and v are mutually related, and have actually a 
physical meaning. For this reason the writer suggests using 
formula [5] or [6] instead of 
flv" 


lv” 
or = 
2gd* 2gd 


with exponent 1.75, as both these formulas are rather arbitrary. 
Moreover it can be seen that formula [5] is more general as the 
viscosity term is included. 
The authors overlooked to state the temperature and kind 
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formula jy = 0.0239 — 
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of water they pumped, and the writer assumes that clean water at 
temperature of about 60 deg. fahr. was used. 

Having substituted the different values of velocities in Equa- 
tion [6] for the same pipe which was used by the authors, the 
writer obtained a v-h- curve (Fig. 15). 

It may be noticed that this curve agrees close enough for en- 
gineering purposes with the curve plotted in Fig. 13. 

The writer would like to see tests made to obtain the pipe- 
friction loss for dredged mixtures of different densities, to see if 
it is possible to predict by means of the Reynolds criterion the 
pipe friction when the percentage of spoil to be pumped and the 
screen analysis and density of spoil are known. 


4 Trans. A.S.M.E., vol. 50, no. 3, Jan.-Apr., 1928, paper no. HYD- 
50-2, p. 6. 


O. M. Levanp.® Would the angles made by the various sec- 
tions of the pipe either on the shore or on the floating section make 
very much difference in the friction losses? In the case of a dredge 
moving around, the pipe line is not moved any more than is neces- 
sary, and in the floating section one frequently finds considerable 
angles in the pipe. On the shore line there are more sections and 
likely some angles possibly worth considering. I wonder if the 
authors found any difficulties or variations on account of those 
angles and whether they reduced the angles to a minimum in all 
cases. 


M. W. Davipson.* Was any effort made by the men who 
made this test to introduce electrodes at different points across 
the current? 

AvutHors’ CLosuRE 


Replying to Mr. Leland, no tests were made to determine the 
loss due to bends in the line. The line used during the tests was 
all floating, with no bends. Occasionally the waves from passing 
boats would cause some disturbance, but this was not serious at 
any time. The floating line as used in practically all of the work 
on the river has one right-angle bend only, placed at the donkey 
scow. 

The floating line extending to shore is anchored at the scow, 
and the line extending from the dredge to the scow swings 
as the dredge advances and is also lengthened as the dredge ad- 
vances. 

The shore line is made up of 30-ft. lengths, with slip joints, and 
the line is flexible enough for long, easy bends; Y’s are used for 
splitting the line for making fills and for changing the location of 
the line. 

Replying to Mr. Davidson, no attempt was made to make a 
traverse of the pipe with the electrodes. This was considered, 
but it was believed that with the velocities obtained the turbu- 
lence would be sufficient to give practically uniform velocity 
throughout the pipe, considering the length of the line. The 
electrodes extended into the pipe from 1 to 2 in. This is about 
the length used when in regular operation, as long electrodes are 
easily bent or broken by stones and sticks passing through the 
line. 

Mr. Aisenstein’s discussion is very interesting and is ap- 
preciated. As mentioned in the early part of the paper, the 
checking up on the friction loss in the dredge pipe line was only 
a side issue of the real test work, and there was no intention of 
doing accurate research work. The results obtained, however, 
were better than had been anticipated, and it was for this reason 
they were offered, believing they might be of interest to some few 
engineers. 

The authors are well pleased to find that the results agree so 
closely with Mr. Aisenstein’s theoretical equations. The equa- 
tion proposed in the paper for loss of head was put intentionally 
in as simple form as possible so as to be used by practical dredge 
men and its shortcomings were recognized. 

Clear water at about 60 deg. was pumped at all times during 
the tests. No serious effort was made to determine pipe-line 
friction when pumping material, as it is almost impossible to 
maintain even approximately constant conditions of flow for any 
great length of time unless the material being pumped is consistent 
throughout the swing of the dredge, and even then the line coni- 
tions are constantly changing, depending on the skill of the lever 
man. 


5 Dean, College of Engineering and Architecture, University of 
Minnesota, Minneapolis, Minn. 

* Professor of Mechanical Engineering, University of South 
Dakota, Vermillion, 8S. D. Mem. A.S.M.E. 
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Flow of Water Over a V-Notch 


By JOSEPH TARRANT,! SOUTH HARROW, MIDDLESEX, ENGLAND 


In this paper the author presents a formula for finding the flow 
of water over V-notches with angles ranging from 90 deg. down 
to 27 deg., which is based on the experimental results given in 
D. Robert Yarnall's paper on the “‘Accuracy of the V-Notch- 
Weir Method of Measurement,” presented before the A.S.M.E. 
in December, 1926. He compares this formula with others which 
have been proposed, checks it with data obtained by several investi- 
gators, and concludes that, within the range of angles specified, it 
will prove useful. An alignment chart based on the formula is 
given, from which discharges may easily be read off. 


AVING occasion recently to look up data on the flow of 
water over a V-notch, the author read the account of a 
series of experiments on the flow over notches of various 
angles carried out by Mr. D. Robert Yarnall, Mem. A.S.M.E., 
and described by him in a paper? which was reprinted in Mr- 
CHANICAL ENGINEERING of January, 1927. 
The experiments were carried out on notches of 90 deg., 
53 deg. 8 min., 27 deg., and 13 deg. 8 min., for the purpose of 
verifying the value of the coefficient C in the formula 


Q = CH 


where Q = discharge in cubic feet per minute, and 
H = head over weir in inches, 


and the tables and curves given in the paper show that the value 
of C varies according to the head, for each of the four notches 
tested, and appears to reach a stable value in each case at a 
head of about 15 in.; in the case of the 90-deg. notch, C varied 
from 0.303085 at 4.988 in. head to 0.29775 when the head reached 
15.0522 in. 

In the discussion which followed the paper, Mr. M. P. O’Brien 
gave, for each notch, a formula with a fixed index, these formulas 
being as follows: 


Angle Formula 

90° Q=2.48 H?.4 
53°8’ Q = 1.242 H?-4s 
27° Q = 0.613 
i3°s’ Q = 0.3312 H?-* 


Q being in cubic feet per second, and H in feet. 

It occurred to the author that such a range of tests as those 
carried out by Mr. Yarnall might be used for finding a formula 
which could be used for notches of all angles between the largest 
and smallest notches, and to this end the experimental results 
were plotted logarithmically. It was found difficult to obtain 
a formula of simple type which would cover the whole range from 
%") deg. down to 13 deg. 8 min., but the formula 


1.5° 
Q = 2.415 tan (——— ) Hes 
where Q = cubic feet per second 
H = head in feet, and 
6 = angle of the notch in degrees, 


gives results which agree very closely with the experimental 
results on the 90-deg., 53-deg. 8-min., and 27-deg. notches, and 


1 Assoc-Mem., Institution of Mechanical Engineers. 
* Trans. A.S.M.E., vol. 48 (1926), p. 939. 
*Ibid., p. 956. 


may be presumed to hold for all angles between 90 deg. and 27 


deg. 
In Table 1 discharges calculated by the formula are compared 
with Yarnall’s experimental results. 


TABLE 1 DISCHARGE CALCULATED BY THE PROPOSED 


FORMULA Q = 2.415 tan H?.45 COMPARED WITH 
YARNALL’'S EXPERIMENTAL RESULTS 
Notch 
angle, Head in Q 
0 ft (Yarnall) (Calculated) Error 
1.257 4.384 4.375 — 0.002 
1.234 4.222 4.179 — 0.006 
1.143 3.468 3.453 —0.0044 
90° 0.9278 2.061 2.058 —0.0014 
| 0.7634 1. 2687 1. 267 —0.0014 
0.5931 0.6724 0.677 + 0.007 
0.4852 0. 4099 0.4108 +0. 002 
0.3502 0.1825 0.1827 +0,001 
1.2527 2.164 +0. 009 
1.1516 1.756 +0. 0085 
13 0.9784 1.172 +0.012 
0 7656 0.6376 +0. 007 
0.5812 0.3208 +0. 009 
0.3597 0.09754 + 0.008 
1.228 1.0216 1.022 +0.0004 
0.974 0.5737 0.5746 +0.0015 
27 0.7384 0. 2881 0. 2887 +0. 002 
0.4137 0.06946 0.06842 —0.015 
0.3702 0.05224 0.05188 —0.007 


While few published records exist of discharges over notches 
having angles less than 90 deg. (though formulas have been 
suggested for these smaller angles, as mentioned later), experi- 
ments by Thomson,‘ Barr,’ and Gaskell® on 90-deg. notches 
afford experimental results by which the proposed new formula 
may be tested. The comparison of the experimental and cal- 
culated discharges is given in Table 2. 

TABLE 2. DISCHARGE CALCULATED BY THE FORMULA @ = 
2.415 tan (, °_) 2.488 COMPARED WITH TESTS ON 90-DEG. 
NOTCH BY THOMSON, BARR, AND GASKELL 

Q, ft. per sec. 


Head, Test by proposed By 90-deg 
ft. figure formula Cone formula 
{0.5833 0.6615 0.6495 0.6531 
0. 5000 0.448 0.4428 0.4457 
Thomson | 0.4167 0.2845 0.2815 0.2835 
| 0.3333 0. 1636 0.1616 0.163 
0.250 0. 0796 0.07905 0.07984 
0. 1667 0.0291 0.02888 0.0292 
0.8333 1.578 1.5745 1.581 
0.75 1.215 1.218 1.224 
0.667 0.901 0.9054 0.9102 
Barr 0. 5833 0.651 0.6495 0.6531 
0.5000 0.444 0.4428 0.4457 
0.4167 0.2825 0.2815 0.2835 
0. 3333 0.1625 0.1616 0.163 
0. 2500 0.0797 0.07905 0.07984 
1667 0.02925 0.02888 0.0292 
0.7475 1.204 1.2025 1.208 
0. 8764 1.79 1.786 1.793 
0.959 2.24 2.234 2.241 
Gaskell 41.023 2.626 2.621 2.63 
| 0.9935 2.443 2.438 2.446 
10.915 1.993 1.99 1.997 
0.809 1.465 1.463 1.47 


After making extensive tests on sharp-edged notches of angles 
of 120, 90, 60, 30 deg., and 28 deg. 4 min., V. M. Cone’ ob- 
tained the following formulas: 


4 Civil Engineer and Architects’ Journal, Nov., 1858, Dec., 1861, 
and April, 1863. 

5 Engineering, April 8 and 15, 1910. 

6 Proc. Inst. C. E., vol. 197 (1913-14), p. 258. 

7 Journal of Agricultural Research, vol. 5, no. 23, March 6, 1916. 
(U. S. Dept. of Agriculture.) 


Kee 
| 
25 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Ti 


3 and 

41000 3 

75- Zz 74 

+800 a 
rg 700 whe 

$-600 3 

S00 10 
4 +00 gen 
4 7 $300 (Re 
4 6+ wid 
tha 
» A 
% 


& 


Notcr , t 


THT 


S. Gallons pe 


Vertex SF Noth, 


the 
"tha + 20 
aN 4 -+- = 35 
+.8 
& 
£6 25 
30- ni 


w 


DISOIARGE QF WATER OVER A V-NOTCH. 
5? ABS iV 
= 24/5 tan (4%) H** 


Fic. 1 ALIGNMENT CHART FOR DiSCHARGE Over V-NoTcHESs 


26 
7 
go 
an; 
coef do 
27 097 | 
ou 


rer Lert FTF We 


HYDRAULICS 


Angle Formula 

120° Q = 4.400 H? 487 
90° Q = 2.487 
60° Q = 1.446 
30° Q = 0.6848 H?-4476 
28°4/ Q = 0.6405 


and gives the following general formula for all these notches up 
to and including 90 deg. 


(2 
Q = (0.025 + 2.462 S)H 50.75 
where Q = cubic feet per second 
S = slope of sides, expressed decimally, and 
H = head in feet. 
Cone found that notches of 120 deg. were impracticable for 
general use, as the nappe adhered to the edge for about '/,, ft. 
at the upper portion, although the notch wag only '/3: in. thick. 
(Rowell*® also mentions this, and recommends, instead of a 
wide-angle notch, several 90-deg. notches spaced so that there 
is no interference of flow. For non-interference he recommends 
that the notches be spaced apart a distance equal to seven times 
the maximum head.) 
A comparison of the author's proposed general formula with 
Cone’s 90-deg. formula is seen in Table 2. 
Arranged for certain angles, the proposed formula becomes: 


Angle Formula 

90° Q = 2.48 H?-4% 
75° Q = 1.904 H?-4% 
60° Q = 1.437 H?*® 
45° Q = 1.037 H2-48 
30° Q = 0.681 H?-4% 


and a comparison of these formulas for 60 deg. and 30 deg. with 
the Cone formulas forthe same angles is found in Table 3. 


TABLE 3 COMPARISON OF FORMULAS FOR ANGLES OF 60 
DEG. AND 30 DEG. 


Head in Q (proposed O (Cone 
feet formula) formula) 
{1.25 2.502 2.51 
1.0 1. 436 1.446 
60° (0.75 0.706 0.714 
0.50 0. 2567 0.261 
{0.25 0.0458 0.04706 
{1.25 1. 186 1.182 
1.0 0.681 0.6848 
30° 0.75 0.3349 0.3401 
0.5 0.1217 0.1255 
0.25 0.02172 0.0230 


Gourley and Crimp? give the formula, Q = 2.48 nH?-*7, where 
nis the tangent of half the angle of the notch. It will be found 
that the proposed formula gives results which, for the smaller 
angles, agree somewhat more closely with the observations than 
does this formula. 


Barnes’s” formulas, 
Q = 2.48 for 90 deg., and 
Q = 1.244 H?* — for 54 deg. 


give results which are in close agreement. with those obtained 
by the proposed formula when applied to these angles. 

The experiments on which the formula is based were carried 
out on a sharp-edged notch, beveled off to '/s: in. in thickness, 

* Engineering, May 2, 1913, p. 589. 

* Proc. Inst. C. E., vol. 200 (1915), p. 388. 

‘0 “Hydraulic Flow Reviewed,” Spon, London, 1916. 
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the upstream edge being square, in a tank so proportioned that 
the velocity of approach was negligible. 

In a paper summarizing the work on the V-notch, it may not 
be out of place to state the general conditions necessary for 
satisfactorily measuring the flow by this method. 

The edge should be of metal, '/:6 in. thick, and square on 
the upstream edge; the plate should be set in a vertical plane 
and have its upstream face quite smooth. 

(Barr found that coating the upstream face of the weir with 
coarse emery increased the discharge 2.4 per cent at 3 in. head, 
over that of a weir with a plain surface.) 
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Fic. 2. SHowtnG Connector Line To Be Usep Witn CHaArtT oF 
Fig. 1, anp an or Its Use 


The width of channel should be such that the velocity of the 
water approaching the notch is not greater than 0.5 ft. per 
sec. The water should be stilled by means of suitable baffles. 
The width of the channel should be eight times the head for 
non-interference with the flow. (Reducing the width of the 
channel has the effect of increasing the flow by reducing the 
contraction at the sides of the notch.) The channel floor on 
the upstream side should be below the vertex a distance equal 
to three or four times the head. (Barr.) 

Cone recommends measuring the head at a point at least 
either 4H upstream of weir or 2H to the side of the end of the 
crest. 

Downstream, the level of the water should not rise above 
the vertex. 

Where the velocity of approach exceeds 0.5 ft. per sec., Barnes 
suggests a correction for the head by adding to the observed head 
an amount equal to 0.01 u, where 1 is the mean velocity of the 
water in the approach channel in feet per second. 

Further tests on notches of small angles are desired for check- 
ing purposes, but it is believed that the proposed formula will 
prove useful within the range of angles specified. An alignment 
chart from which discharges may readily be read off in cubic 
feet per second or U. S. gallons per minute is given in Fig. 1, 
and an example of its use in Fig. 2. 
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Progress in the Iron and Steel Industry 


Contributed by the Iron and Steel Division 
Executive Committee: F. C. Biggert, Jr., W. W. Macon, C. S. Robinson, Geo. T. Snyder 


HE year 1927 was one of unusual achievements in the 
{i American iron and steel industry, among which two have 

attracted particular attention. The first was the manu- 
facture of large seamless tubing the foundation for which was 
laid in the preceding year. It was during the current year, 
however, that the success of the undertaking was proved. The 
reasons for undertaking it are well known. With an increase 
in the depth of wells, complaints as to the strength of pipe then 
used came from the oil country, with an insistent demand for 
large-size, heavy-walled seamless tubing. 


MANUFACTURE OF LARGE SEAMLESS TUBING 


Three companies have so far replied to this demand. One of 
these installed a German pilger mill, another provided both the 
German pilger and an American automatic mill, while a third 
limited its equipment to an American mill only. In all of these 
cases there was at first considerable doubt as to the ability to 
pierce billets of the size required for these machines. It was 
found ultimately that not only was there no trouble in regard 
to piercing, but that even rolled billets proved to be unnecessary 
and round ingots could be used as the raw material for the tubes. 
There are still certain mechanical problems requiring attention, 
but the success of the large seamless-tube mill in America has 
been decidedly established. As a matter of fact, greater pro- 
duction has been obtained in America from German mills than 
has ever been obtained in Germany. 


Continvovs SHEET Routine 


The other development which has attracted special attention 
is continuous steel-sheet rolling. This does not belong entirely 
to the current year, as the installations at Ashland, Ky., and at 
Butler, Pa., were substantially completed late in 1926. Such 
was the promise of these applications of continuous rolling of 
sheets, however, that several other mills of the same character 
have since been laid down, and some of them have been put into 
operation. Among these may be mentioned the mills of the 
Laclede Steel Co. at Alton, Ill., the Weirton Steel Co. at Weirton, 
W. Va., the Trumbull Steel Co. at Warren, Ohio, and the Ameri- 
can Sheet & Tin Plate Co. at Gary, Ind. 

The introduction of continuous sheet rolling has been accom- 
panied by further development of the four-high mill and the use 
of roller bearings in the big rolls, thus further familiarizing the 
steel industry with anti-friction bearings in their larger aspects. 

These two developments among others served to direct in- 
creased attention toward research among tonnage steel makers. 
To mention only the more prominent units, the Bethlehem Steel 
Co. had already segregated research and development work 
into a special department in 1926. This year the United States 
Steel Corporation organized a research department and has 
given it an unusually high standing by making it report directly 
to the Finance Committee, which is the highest governing 
bedy of the corporation. George Gordon Crawford, president 
of the Tennessee Coal, Iron & Railroad Co., and Prof. John 
Johnston, of Yale University, have been placed in actual manage- 
ment of the new organization, while to the committee deciding 
on the program of research have been attracted men of such 
prominence as Frank B. Jewett, vice-president of the American 
Telephone & Telegraph Co., and Professor Millikan of the 
Norman Bridge Laboratory, University of California. 


Throughout the year the steel industry has been permeated 
with a certain feeling of unrest and search for economies. The 
amount of business done by the mills has been of almost record 
capacity, but prices obtained for the products have been com- 
paratively low, and the general feeling has been that profits 
were not commensurate with the unusual volume of business. 
It has been felt, therefore, that the greatest attention to costs 
must continue without relaxation, to insure profitable operation 
in coming years. 


Mitt Drives 


Steam as a means for driving the larger mills continued to lose 
ground. Among the outstanding electrifications of blooming- 
mill drive may be mentioned the installation of a 4000-hp. 
reversing motor at the plant of the Donner Steel Co. in Buffalo. 
A similar installation has been made by the Bourne-Fuller Co. 
at its Upson plant, while the Colorado Fuel & Iron Co. has 
put through an unusually ambitious project of electrification. 
In all these cases it is claimed that a better product is obtained 
at a lower cost. In the case of the Bourne-Fuller installation 
with the engine drive a maximum mill speed of 175 r.p.m. 
was obtained, and a speed of only 140 r.p.m. with a motor 
drive. It is not expected that as large maximum production 
will be obtainable from the electrified mill as before, but this is 
not considered important in view of mill and market factors 
modifying demands on the mill. 

The progress made by powdered-fuel firing in central stations 
is making its way into the steel-mill field as well. At the Pueblo 
Works of the Colorado Fuel & Iron Co., powdered coal is used 
in the power plant. At the Central Iron & Steel Co. in Harris- 
burg, Pa., however, it is used in the heating furnaces of the plate 
mills. At first a unit pulverizer was installed, but later it was 
discarded and a central pulverizing plant is now used. 


The size and capacity of modern mills are well illustrated by 
performance at the works of the Lukens Steel Co., Coatesville, 
Pa., where steel ingots weighing 63,000 Ib. each have been con- 
verted into slabs on the 206-in. plate mill. This is believed to 
be a record for size of ingots rolled. According to The Iron Age 
for May 12, 1927, the ingot was rolled into a slab 130 in. wide, 
200 in. long, and 8*/, in. thick. Each of these slabs is used to 
make a “‘flywheel”’ blank 8*/, in. thick and 121 in. in diameter, 
the blank being cut from the slab by means of a portable auto- 
matic oxyacetylene cutting machine. The blanks are to be used 
in making herringbone-gear speed-reduction units. 

A new structural mill at the Homestead Works of the Carnegie 
Steel Co. has been completed. It includes a blooming mill of 
54-in. size, claimed to be the largest blooming mill in existence. 
Another feature is that it is to roll the new wide-flange Carnegie 
beams. Only two operators will control the main or auxiliary 
drives of this blooming mill. One man using a single master 
switch is capable of setting the three screwdowns on the roughing 
and intermediary mills. They automatically stop at prede- 
termined settings by means of a specially designed limit switch, 
and secure the proper speed relations between the motors driving 
the main and edging stands for any condition of draft. This 
man controls several other operations, thirteen in all, during 
the rolling of each beam, a fact which is a good illustration of 
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the complexity of the apparatus used and the resulting amazing 
simplicity and extent of control in operation. 

In the past year the so-called Neuves-Maisons process for the 
heat treatment of steel rails has become known. This consists 
of an intermittent quenching of the head of the rail in a definite 
quantity of cold water, this quantity depending on the weight 
of the rail. It is claimed that this treatment increases the tensile 
strength and also extends the hardening effect beyond the depth 
of normal wear. 


Tue Founpry 


In the foundry field one of the interesting developments has 
been the application of hot blast to the cupola (H. K. Viall, 
The Iron Age, Oct. 20, 1927). In this case a standard cupola is 
used with only an upper wind box added below the charging 
floor. Carbon monoxide is drawn from the gases of combustion 
and used to preheat the air. Two years of operation have shown 
that combustion in the hot-blast cupola is more complete than in 
the cold-blast. Certain economies due to this more perfect 


combustion appear to have been established. 


Further effort is being made in foundries to simplify and 
cheapen production, this being a more vital matter for foundry- 
men than ever before as castings today are in competition with 
forgings, stampings, automatic-machine products, and, finally, 
welded parts. In some directions castings have already lost 
out to welding. The latter has successfully replaced castings, 
for example, in large generators, parts of machine tools, etc, 
The foundry is meeting this situation in two ways. One is by 
permanent-mold casting, which has been applied, for example, 
to the making of Holley carburetors; the other is the employment 
of conveying devices. An interesting example of this latter 
class is the continuous unit for the manufacture of small gray- 
iron castings installed at the Elmira Foundry Co., Elmira, N. Y. 
(The Iron Age, Aug. 18, 1927.) 

This report is only a general survey of the most important 
developments of the year, and no attempt has been made to 
cover progress in detail. This has been made necessary by the 
fact that the new Division is only just completing its organi- 
zation. Roy C. Brett, 

Organizing Chairman. 
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Developments in 4-High Rolling Mills 


The Rolling of Wide and Thin Material; Early Mills and Experimental Designs; Technical 
Features of the Mills; Capacity and Power Consumption 


By F. C. BIGGERT, JR.,! PITTSBURGH, PA. 


of strip steel had practically come to a standstill. The 

existing mills had succeeded in hot-rolling strip up to 
about 24 in. wide by 12 gage, and narrower widths as thin as 16 
or 28 gage. Some material may have been made thinner than 
12 gage in widths approaching 24 in., but I believe that the widths 
and thicknesses stated above represent the best commercial 
accomplishments of the time. 

If wider material was to be rolled, it was evident that funda- 
mental changes in mill construction must be made since in- 
creasing roll diameters, with the inevitable increase in neck 
friction which they imply, had about reached the practical 


| NTIL somewhat over a year ago progress in the rolling 


limit. 

The use of roller bearings was naturally considered, but no 
bearing could be designed which would support the required load 
and be small enough to assemble in the 2-high mills then in use. 

We had built the 206-in. plate mill at Lukens Steel Company, 
and in it we used the 4-high mill, not so much to reduce power 
consumption as to limit the size of the chilled working rolls 
to dimensions within the facilities of chilled-roll makers. This 
mill had been successful and had demonstrated the possibilities 
of the 4-high type as a means of producing wide and relatively 
thin material of exceptionally accurate gage. That is to say, 
this plate mill had been found capable of rolling plates as thin 
as *,-in. in widths up to 16 ft. and having a uniformity of gage 
from edge to center quite as good as had previously been produced 
in ordinary widths. The life and behavior of the rolls were 
remarkably good. Nospalling occurred, and the medium-carbon- 
steel backing rolls maintained their shape well. 

Some difficulty with fire-cracking of the chilled rolls occurred 
due to the very large ingots used and the slow and heavy drafts 
in the early passes, but it was evident that with slabs such as 
would be used in strip mills, this would not be serious. 


DirFicuLty IN ROLLING WIDE AND THIN MATERIAL 


Considering the possibilities of wider strips in the light of this 
plate-mill experience, we concluded that the same type of 
mill offered the means required. There were difficulties, how- 
ever. 

In rolling thin material, the power cost becomes a matter of 
importance, and while the 4-high mill is inherently more efficient 
than the older types, yet, if run on ordinary bearings, the power 
per ton would still be rather high. 

A large and expensive installation rolling thin material must 
deliver at high speed if tonnage, commensurate with the in- 
stallation cost, is to be obtained, and with ordinary bearings, this 
would involve excessive heating. 

On thin material a mill must maintain its setting much more 
accurately than in ordinary rolling. The wear of ordinary 
bearings, which, in thick rolling, is of small importance, becomes 
Vitally important when the thickness approaches '/;5 in. 

All these difficulties could be overcome if roller bearings could 
be obtained capable of sustaining the loads involved. 


' President, United Engineering and Foundry Co., Pittsburgh, Pa. 
Mem. A.S.M.E. 

Presented at a meeting of the Iron and Steel Division, Youngstown, 
Ohio, Nov. 10, 1927, of THe AMERICAN Society OF MECHANICAL 
ENGINEERS. 


MILts 


Our engineers had developed the requirements thus far and 
had made some inquiries indicating that suitable bearings could 
be obtained, when we were called to the plant of Rome Brass & 
Copper Company, Rome, N. Y., to advise with that company 
as to means of improving their practice in producing sheet 
copper. 

Having studied copper-rolling practice, with which we had pre- 
viously been entirely unfamiliar, we concluded that the 4-high 
roller-bearing mill met the requirements completely. 

The question of roller-bearing design was discussed with Mr. 
W. Messinger of Philadelphia, and having determined sizes which, 
upon rather meager data, appeared to meet the requirements, 
a mill was built. It has proved satisfactory. 

This mill had scarcely started and was still in a highly experi- 
mental state when Columbia Steel Company came into the 
market for a steel strip mill to roll 30-in. wide material down to 
12 gage; afterward changed to 36 in. wide by 12 gage. 

Here was a chance to try out the 4-high principle in a big 
way, but we were poorly prepared, having still only imperfect data 
on which to base designs. We decided to make a clean breast 
of the matter and see if Columbia would go along with us in a 
large-scale experiment. The allurements were great and we con- 
vinced them that the experiment was worth making. They in- 
stalled a universal roughing mill followed by four stands of 4-high 
hot mills arranged in tandem and five stands of similar cold 
mills. The E. W. Bliss Company supplied the cold mills. 

Generally speakiug, these mills have been successful, although 
bearing troubles have been encountered, to some extent, on the 
hot mills. This is primarily due to rolling 14- to 16-gage material, 
in which case the steel is too cool when it is delivered to the 
finishing train. A universal mill is not fast enough for a strip- 
mill rougher where the gage to be finished is thinner than 12. 
Sheets as wide as 36 in. and down to 16 gage are being produced 
on the mill, but changes will be required before this can be done 
satisfactorily. As the mill now stands, 14 gage by 36 in. wide is 
its commercial limit. 

Before the Columbia mill design was well started, Weirton 
Steel Company decided to install a tandem train of 9 hot mills and 
two 5-stand trains of cold mills to roll 48 in. wide. The experi- 
ment was getting too hot for us and we insisted that reliable data 
be obtained before proceeding with designs. 

Pressure-measuring devices and also devices for measuring 
neck friction in ordinary strip mills were deviced, built, and 
applied, and from these devices we obtained remarkably con- 
sistent data upon which to base both bearing loads and motor 
powers. 

The Weirton hot mills have now been in operation for some 
three months, and so far neither bearing nor roll troubles have 
appeared. Widths up to 38-in. have been hot-rolled to 16 gage 
commercially, and 36 in. wide 17 gage has been produced experi- 
mentally. 

Other steel companies have also taken up this new type of mill. 
Lukens Steel Company has an 84-in. plate mill built among 
the first. Trumbull Steel Company has remodeled its 16-in. 
wide mill using five stands of 4-high in its finishing train and have 
thus increased its capacity from 18-in. to 30-in. widths. A 
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further change in the roughing train will permit rolling 36 in. 
Youngstown Sheet & Tube Company has a single stand with 
72-in. roll. American Sheet & Tin Plate Company is installing 
six stands which will be referred to later, and there are numerous 
others. Some 80 stands of 4-high roller-bearing mills, hot and 
cold, have been contracted for within a period of less than two 
years, indicating the remarkable interest aroused by the develop- 
ment. 


Hor anp 


Just what will be the outcome of this development is difficult 
to say. There are the two distinct fields of hot and cold rolling 
to which the mill is eminently suited. In hot rolling, it is safe 
to say that 16 gage is near the practical limit, although American 
Sheet & Tin Plate Company proposes to go to 18 gage by 28 in. 
wide, and will doubtless accomplish this. 

Leaving the hot mill at 16 or 18 gage, we have the choice of 
further reduction through cold strip mills or by packs on ordinary 
sheet or tin mills. 

Both of these methods probably have their field of usefulness. 
For very light gages, particularly tin plate, it may be that the 
hot pack will prove most economical. This is the method being 
tried out by American Sheet & Tin Plate Company, and it will 
surely reduce the cost as compared with present-day practice. 

Down to 24 or 26 gage, particularly for full-finished and similar 
bright stock, there seems to be little doubt that the cold-strip 
process is best. The operation of these cold mills is just beginning. 
At present we do not know either the minimum thickness or the 
maximum speed which may be commercially obtained, and until 
these factors are determined, it will be impossible to decide which 
process will survive. 

Another factor of importance is the question of coating. We 
are not yet sure that the cold-rolled material will take a satis- 
factory coat of either tin or spelter, but the probability is that 
by suitable preparatory processing such coatings may be applied. 

Where feasible, the cold-strip process seems to have great 
advantages. Labor is much reduced; crop losses are almost 
negligible; pickle cost is from one-half to one-fourth of that for 
the pack process; frequently it will be advantageous to have 
the finished material in strip form rather than in sheets, and the 
remarkab_e accuracy of gage should increase the demand for strips. 

On the whole, we are disposed to believe that reduction by the 
cold process will ultimately prove to be the economical method 
of producing the large-tonnage gages, perhaps including tin plate. 

The accuracy of rolling with these mills is quite remarkable. 
It is not difficult to hot-roll strips 259 ft. long 30 in. wide and 
1/\,in. thick with edge-to-center and end-to-end variations within 
0.003 in. At Weirton this degree of accuracy has been exceeded 
in regular production. I have personally callipered coils 36 in. 
wide by 0.080 in. thick which showed only 0.002-in. edge-to- 
center variation. But this practice has been abandoned and about 
0.004-in. fullness is being allowed on account of the difficulty 
of handling the more accurate coils in the cold mills. There is 
much less difficulty in cold rolling if the metal has an appre- 
ciable fullness at the center. 

The practice in the hot mills is to start with a 3-in. thick slab 
regardless of the finished gage, and, with suitable edging equip- 
ment, an excellent edge is produced on the finished strip. The 
edges are somewhat rounded but very straight and smooth, so 
that even for the most exacting sheet requirements it will only be 
necessary to side-trim about '/s-in. The length of strip is so 
great (200 to 400 ft. hot-rolled and 300 to 1200 ft. after cold 
rolling) that end crop loss becomes almost entirely negligible. 


CAPACITY 


A hot mill arranged like that at Weirton can easily produce 40 


2 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


long tons per hour of 30-in. wide 16-gage material. The theo- 
retical discharge of this material at the usual finishing speed of 
800 ft. per min. is 135 long tons per hour, so that placing the 
average production at 40 tons is doubtless conservative. 

The possibilities of the cold mills are not so well established, 
but it is fairly well proved that a delivery speed of 200 ft. per min. 
can be maintained and that a reduction of 60 per cent in thick- 
ness can be obtained in a 4-stand train. 

If, then, we start with 16 gage 30 in. wide, we may reduce to 
about 24 gage which, for 30-in. wide material delivering at only 
150 ft. per min., amounts to a theoretical discharge of 10 tons 
per hour. Cold mills can be run on a very high production factor 
on account of the great length of entering piece, so it seems very 
safe to say that such a train should produce 8 tons per hour of 
this material. This rate of production has been exceeded for 
short periods, and seems a very conservative estimate, especially 
when we remember that there is good probability of attaining 
speeds higher than that assumed. 


Power CONSUMPTION 


Power consumed per ton of product has not yet been well 
established, because all the mills now in operation are running 
intermittently and under adverse operating conditions, but such 
data as are available indicate a power requirement about one- 
half that used in ordinary strip mills for corresponding sizes 
On 16-gage material reduced from 3-in. slabs, we believe 80 kw-lir 
per ton is a safe figure for hot rolling. Reducing 60 per cent 
cold from hot-rolled material of 12 to 16 gage, will require about 
30 kw-hr. per ton. 

The ordinary production of sheet mills is one short ton per 
hour per mill. On 24-gage sheets, we may allow one long ton 
per hour as a monthly average per mill. 

On this basis and that of the figures previously quoted for hot 
and cold strip mills, we may assume that one hot-strip mill, 
such as those at Weirton or Trumbull, with enough cold mills t 
reduce its product from 16 gage to 24 gage, will be equivalent + 
40 sheet mills. 

But the sheet mills require sheet bar as their raw material, 
whereas the strip mill requires slabs which come direct from th 
blooming mill. 

To make a true comparison, we must, therefore, place one ho 
strip mill with its complement of cold mills against 40 she: 
mills and a very good sheet bar mill. The two plants will cost 
about equal amounts and should produce equal tonnages. 


Tin-PLATE MILLs 


The problem of producing tin-plate and sheets of correspondin 
thickness by the new methods is particularly interesting, and the 
American Sheet & Tin Plate Company is to be congratulated 
upon the steps it has taken in this direction. 

Their scheme is to reduce to about 18 gage in a 4-high strip 
mill, and match, double, and finish on their existing tin-plate 
mills. The entire roughing operation is thus transferred to the 
high-production strip mill; the serap loss should be reduced 
because of the very accurate dimensions of the pack at the 
doubling point, and finishing mills may be run at a higher rate 
because of the reduced roll heating. 

Incidentally, this company has burned no bridges since its |iot 
strip mill will be equally well adapted to roughing for cold mills, 
should it be later found economical to finish cold. 

So much for the historical and economic side of the development. 
From an engineering standpoint, the following may be of in- 
terest : 


Use or Router BEARINGS 


We have used roller bearings of the parallel-roller type on 
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IRON AND STEEL 


the backing rolls, because we believed that this type was most 
suitable to the extreme loads to be carried. We do not know 
that this is true, but it is to be remembered that in starting 
this development, we were working in the dark. Speed, load, 
and available space for assembly considered, these bearings 
carry several times the load of any roller bearing previously used. 
Not only is the duty required greater than has been previously 
demanded of bearings of equal dimensions, but also the manu- 
facture of such sizes had been, by no means, standardized. On 
this account, we doubted the applicability of formulas of all 
roller-bearing manufacturers, and were forced to rely largely 
upon our own analysis in determining both sizes and type of 
bearings. 

The results of practice so far have been fairly satisfactory. 
On cold mills we have had no trouble, as the loads may be caleu- 
lated with fair accuracy. Some of the earlier hot mills have 
given trouble which has been traced to two important sources: 
first, the excessive loads due to the rolling cold steel, and second, 
the unavoidable stresses due to cobbles, broken rolls, and similar 
accidents. 

The increase in rolling pressure due to cold steel may easily 
double the load on the bearings. For instance, at Weirton, 
measurements taken at the beginning of a run when the first few 
slabs were not well heated, as compared with corresponding mea- 
surements a few minutes later, showed pressures in the ratio of 
{to 2'/s, and the cold slabs were only about 100 to 200 deg. fahr. 
low in temperature. 

There is no means for measuring the momentary pressures 
due to accidents, but it is obvious that they will increase the de- 
mands upon the bearings. 

Neither of these occurrences causes immediate failure of bear- 
ings, but their repetition may ultimately result in failure, and 
good safety factors, combined with good heating and good mill 
practice, are necessary to obtain good bearing performance. 

Working-roll bearings used sofar have been of ordinary mill-t ype 
bronze. The loads on these bearings are theoretically very small, 
and when the rolls are properly aligned, they are practically quite 
small. Since specially good alignment is necessary if good rolling 
is expected, regardless of bearings, and since the rolls, once 
properly aligned, have little tendency to change their position, 
there is little need of more refined equipment. 

Roller bearings have been suggested for the working rolls, 
but the small advantage, difficulty of assembly, cost, and almost 
certainty of destruction every time a roll breaks, have prevented 
our recommending them. 


Size or Rouus 


Sizes of working rolls have been determined from the size of 
coupling necessary to transmit the required torque. We have 
based our designs upon elaborate full-size tests to destruction. 

Backing rolls have been made of sufficient diameter to accom- 
modate the required bearings, as this usually gives a roll of 
ample stiffness. 

An interesting development in regard to working-roll diameter 
is that it has no appreciable effect upon the power consumption 
of the mills. This is, of course, contrary to all previous con- 
ceptions, but tests over a wide range of diameters have shown 
that for like reductions, the power per ton is almost exactly con- 
stant. 

Of course, the rolling pressure increases with increasing roll 
diameter, and with ordinary bronze bearings, the larger necks 
absorb more power. This is the reason that in ordinary mills, 
the power per ton increases with increasing roll diameters. The 
friction coefficient of roller bearings is in the order of 0.0009, and 
consequently the power absorbed by necks is so small that it has 
almost no effect upon the total power consumption. 
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This is important since it removes the principal argument 
for minimum-diameter working roll, and permits the use of rolls 
jarge enough to stand severe accidental stresses. 


Motion or 


Another prevalent idea that has been disproved is that the 
rolls of a mill tend to move out of the housings in the direction 
of the movement of the material. 

The fact is that with equal diameters of top and bottom work- 
ing roll, there is no tendency to move with the piece, but a back 
pull toward the entering side just sufficient to pull the material 
into the mill. 

If the material is carried on roller tables moving at the same 
speed as the mill, this pull is zero and in no case can it be more 
than the friction due to the weight of the material. 

This may be demonstrated by putting exactly equal rolls in 
any 2-high or 4-high mill and examining the lost motion of the 
chucks. They will be found usually to bear against the housing 
post on the entering side and may be displaced by a very slight 
pressure applied between chuck and housing. 

This is not true when the rolls are of unequal diameter nor 
in the case of a 3-high plate mill where the middle roll is fric- 
tion-driven from top or bottom rolls. 

In the 4-high mills, it has been found advantageous to set the 
working rolls a small distance off center from the backing rolls. 
Usually this has been toward the delivery side, although they 
seem to work about equally well if offset toward the entry 
side. 

We do not know any good reason for this displacement unless 
it be that it definitely establishes the direction in which the rolls 
will settle when the piece enters. If they are exactly on center, 
small unavoidable differences in diameter or other inaccuracies, 
may cause one end to settle backward and the other forward, 
whereas by giving a definite offset, they must settle uniformly. 
Whatever the reason, mill operators find it convenient to offset 
the rolls as much as '/, in. and obtain more uniform results by so 
doing. 

ComposiTION OF ROLLS 


In the hot mills, after experimenting with rolls of various 
composition, it appears that fairly high-carbon alloy-steel backing 
rolls and chilled alloy-iron working rolls will give the best re- 
sults, although ordinary mild-chill working rolls have given good 
service where it has been possible to finish at proper temperature. 

The cold mills have worked well with medium-carbon-steel 
backing rolls and hardened-steel working rolls. Ordinary chilled 
backing rolls have also given good service, and on cold mills it 
appears that any reasonably hard roll will serve for the backing 
rolls. 

On both hot and cold mills, the experience available is not 
sufficient to warrant a definite statement as to the best com- 
binations of working and backing rolls, but it is evident that 
rolls can be made which will give commercially acceptable service. 


Discussion 


Lioyp Jones.? The application of mills with backed-up rolls is 
not new, and has been practiced throughout the metal-rolling 
industry continuously in various forms and shapes for over 60 
years. There are approximately five types of backed-up mills, 
of which the 3-high is in most general use, with the 4-roll and the 
cluster types following in the order named. 

For the rolling of sheets and strips, the 4-roll type and the 
cluster type are better adapted than 3-roll type, and will even- 
tually supersede it altogether. As to the relative merits of the two 


2 E. W. Bliss and Co., Salem, Ohio. 
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outstanding types of backed-up mills, namely the 4-roll and clus- 
ter types, their merits may be presented as follows: 


Four-Roll Type 
1 Shorter distance from the edge of the housing to the center 


of the mill 
2 Smaller number of rolls. 


Cluster Type 

1 No bearings for holding the work rolls in alignment are 
necessary 

2 The working roll cannot wear out of alignment, hence the 
cluster-mill operator does not experience the difficulty which the 
4-roll operator experiences, due to the terrific end thrust of the 
working rolls when they become slightly crossed 

3 The working rolls can be more quickly changed, as there 
are no bearings to handle 

4 The working rolls automatically align themselves when 
placed in the mill by coming in contact with the two supporting 
rolls, eliminating the human element in lining up the mill 
5 The contact pressure between the work rolls and the 
supporting rolls is approximately 30 per cent less per inch of 
face on the cluster mill, as compared to the 4-roll mill 

6 The working roll is supported in both directions of force, 
and hence small diameter rolls can be used to accomplish the same 
work 

7 With equal diameter of working roll, and with the ratio of 
backing-up roll to the working roll approximately 2 to 1, which 
is the general ratio, the cluster mill has approximately 40 per cent 
greater capacity. 


There have been difficulties in holding the rolls in alignment on 
the 4roll type. The brasses on the necks become worn, or the 
mill is not set in correct alignment, and the rolls quickly develop 
an end thrust which makes the changing of the roll-neck brasses 
necessary at frequent intervals. To overcome this tendency, 
the last 4-roll mill shipped to the American Sheet and Tin Plate 
Company was equipped with roller bearings on the working rolls 
as well as on the supporting rolls. This was possible because 
the mill was to be used for cold-rolling purposes, and the working 
rolls were made of hardened tool steel, which allowed a reduction 
of the neck diameter sufficient to install the bearings, and at the 
same time gave sufficient strength to prevent the neck from twist- 
ing off. 

It is a question in our minds whether this can be successfully 
done when the mill is used for hot-rolling purposes, especially 
with rolls made of chilled iron. In this case we have to deal with 
a metal of low strength, and the torsional stresses would probably 
twist off the neck. 

Another illustration having to do with supporting the rolls in 
both directions is found in the following experience: If a cobble 
takes place on the 4-roll mill, the working rolls are apt to break 
and fly out of the mill. On the cluster type of mill, there was an 
accident in which metal being rolled escaped the stripper, and 
passed around the working roll between the supporting rolls 
approximately six times before the mill was stopped. The only 
damage that occurred was that the working roll was marked and 
had to be taken out and redressed. No damage was done to the 
supporting rolls or to the roller bearings, and the six thicknesses 
of metal were reduced to the single thickness being rolled, the 
six laminations being actually welded together cold. This was a 
remarkable example of the enormous pressure which roller bear- 
ings will stand. 

As regards the application of roller bearings to mills, this, like 
the backed-up-roll principle, is old as to the writer’s knowledge, 
roller bearings on both 2-high mills and backed-up mills have been 
in actual use for probably 16 years in this country. 
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We have been applying roller bearings for the last three years 
on all types of mills, 4-high, cluster type, and also on the ordinary 
2-high mills. Our experience so far with roller bearings has 
been excellent, as we have had no failures or replacements to 
date. 

The construction of the 4-roll and cluster types of mills lend 
themselves ideally to the application of roller bearings. This is 
one of the reasons why mills of these types are rapidly coming 
into favor. The power saved by the use of the small diameter 
rolls is not as great as the power saved by the use of roller bearings. 
The roller-bearing application, however, is spreading to 2-high 
mills, and we have a number of them in operation at the present 
time. 

With reference to the adjustment of rolls in the backed-up 
mills, there is no difference in the principles involved, and the only 
departure has been the application of electric power to the screw- 
downs in place of hand power. This, of course, is not new on 
plate mills, blooming mills, ete., but is new to the sheet and strip 
industry. In regard to the adjustment of the rolls as far as align- 
ment is concerned, our practice is to build the mill so that the 
workman has nothing whatever to do with it. 

In the cluster mill the working rolls align themselves. 
4-roll mill for cold rolling we put roller bearings on work rolls and 
take away all adjustment features. For hot rolling, where we 
have difficulty applying roller bearings to the working rolls, we 
believe that the best solution to this problem will be the adoption 
of the cluster type of mill in place of the 4-roll mill. — This will 
also solve several other difficulties present in the 4-roll mill 
which has up-to-date been generally used for hot rolling, namely 
(1) the alignment of the working rolls, (2) increasing the life of the 
supporting roll surface by from 30 to 50 per cent, (3) decreasing 
roller-bearing troubles now experienced, and (4) reducing work- 
roll breakage. 

Another interesting feature about backed-up mills is that on 
account of the small are of contact with the metal being rolled, 
the total bending load on the mill is considerably less. This cuts 
down the deflection or spring in the mill, and in many cases 
obviates the necessity for crowning the rolls. The practice of 
shaping the surface of the roll to deliver a sheet or strip within 
commercial tolerances has been common practice ever since the 
speaker has had anything to do with the steel business. When 
the first cluster mill was installed at Huntington in the early part 
of 1923, we assumed that it would be necessary to crown the work- 
ing rolls and started that mill with the one roll straight and the 
other one crowned. The backing-up rolls were all straight cy!- 
inders. We soon found that we did not need as much crowning, 
and this has been gradually reduced. 

This question of shaping the rolls is becoming of less impor- 
tance every day, and our practice now is to ship the mills from our 
shops with rolls ground perfectly straight. Whether crowning o! 
the rolls is necessary or not seems to depend a good deal upon the 
product which is rolled in the mill. With the use of roller bear- 
ings, which eliminates the heat produced by neck friction, the 
swelling of the rolls at their ends due to increased temperature !s 
being eliminated, and this in turn also has a tendency to do 
away with the old practice of shaping the rolls. 

It might be well at this time to touch slightly upon the historical 
phase. About 1913 there were eight cluster mills in operation, 
and one 4-roll mill. About 1916 the second 4-high mill was in- 
stalled at Lukens Steel Company. From then there is a gap of 
approximately seven years, until 1923, and since then there has 
been a tremendous building of backed-up mills. 

What caused this sudden revival of the backed-up mill? 

During 1922, the Internationl Nickel Company, at its plant at 
Huntington, West Virginia, was making full-finished nickel and 
monel-metal sheets. In order to secure the desired surface it was 
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found necessary to grind, polish, and buff the sheet before send- 
ing it out to the trade. This was a slow and costly process. 

In talking the matter over with their Dr. Thompson and Mr. 
Wotherspoon, the writer proposed cold rolling as a solution. We 
conducted some experiments and found that by reducing the 
thickness by cold working, we could secure a surface which would 
eliminate the grinding process. These experiments were con- 
ducted on the ordinary 2-high mill with strips approximately 
18 in. wide. 

To accomplish the same amount of reduction on sheets 36 in. 
on the ordinary 2-high cold-rolling sheet mill, of which there were 
several in the plant, the rolls being 26 in. in diameter, we found it 
would be necessary to make from 40 to 60 passes. The writer 
then proposed a mill of the backed-up principle, and we were all 
convinced that that was our only solution to the problem. 

When it came to the choice of backed-up mill, there were two 
types. The writer was well acquainted with the 4-roll type built 
for Lukens Steel Company as all drawings for this mill, prior 
to being issued to the shops, had his signature of approval on 
them. He was also familiar with the cluster type of mill which 
had been operating since 1913. In studying over the advantages 
of the two types of mills at that time, his preference fell to the 
cluster type, and this type was installed at Huntington. 

We quickly found that we could accomplish in 3 to 4 passes on 
this mill what took 40 or more passes on the regular 26-in. mill. 
This mill was visited by practically every sheet and strip manu- 
facturer in the country, and many of the prominent sheet manu- 
facturers sent sheets to Huntington to be cold-rolled. 

This was really the starting of the modern strip method of 
rolling sheets, because it removed the limitations on the old hot- 
and cold-rolling strip practice, and allowed the adoption of this 
practice to widths wider than had been rolled, and further en- 
croached upon the sheet trade. 


Cartes L. Huston.? When the World War broke out in 
1914, and the United States in process of time was called upon 
for war supplies of all kinds, the demand for heavy steel plates 
for Scotch-marine boilers, and for wide and heavy plates for the 
modern type of locomotive became acute, plate mills were so 
busy with plates of ordinary size that they did not wish to risk 
breaking down their mills with this heavy work. 

To meet this situation, the Lukens Iron and Steel Company 
(now Lukens Steel Company) decided to build a mill large enough 
to take care of all present and prospective demands. The cus- 
tomary 3-high plate mill was found to be inadequate because of 
the difficulty and risk involved in making and using the long 
chilled rolls of large diameter which would be required. 

After a careful study of the field, an adaptation of the 4-high 
mill built by Julian Kennedy for the Carnegie Steel Company, 
about 1890, was given consideration. 

This mill had been intended for rolling armor plate, but, for 
Some reason, was found to be not quite satisfactory for this pur- 
pose, and was turned into a slabbing mill. It was built with 
working rolls of comparatively small diameter, these being driven 
directly from the reversing engines, through the pinions. 

The possible explanation of the reported difficulties seemed to 
be that the large supporting roll, underneath the lower operating 
roll, would fail to reverse promptly when the driving engines 
reversed, because the weight of the lower operating roll, added 
to the weight of the large supporting roll and all resting upon the 
journals of the supporting or backing-up roll, resulted in an 
extra frictional resistance upon the journals of the supporting 
roll, Which, added to the inertia of the heavy supporting roll 
when t he motion of the mill was reversed, caused slippage be- 
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® Vice-President, Lukens Steel Co., Coatesville, Pa. Mem. A.S. 
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tween the working and supporting rolls and possibly wore little 
grooves or irregularities in the surface of the supporting roll, 
and these through irregular support of the working roll made ob- 
jectionable marks on the surface of a finely finished rolled plate. 

The simplest way of remedying this trouble seemed to be to 
provide a direct drive for the bottom or supporting roll, which, 
geared to the lower pinion, would, through a suitable friction de- 
vice, be of sufficient power promptly to reverse the bottom sup- 
porting roll, and yet avoid conflict of speeds and possible break- 
age of the driving mechanism when the rolls, after some period 
of wear, might become changed in their relative diameters and 
therefore be of a ratio different from that of the pinions at the 
driving end. 

The contract for building this mill on a cost-plus-percentage 
basis was given to the United Engineering and Foundry Company, 
Mr. F. C. Biggert, Jr., now President, being at that time Vice- 
President and Chief Engineer. Mr. Biggert, with his engineer- 
ing staff, took special care in working out the designs and pro- 
portion, of this mill, which, being heavier than anything hereto- 
fore attempted, as it had to take care of very heavy as well as 
wide work, hadtobe ofa new design throughout. Mr. Lloyd Jones, 
then with the United Engineering and Foundry Company, was 
given charge of working out the details of the mill in cooperation 
with the writer and the engineering staffs of the Lukens Steel 
Company and the United Engineering and Foundry Company. 

The drive for the mill consisted of 46 by 70 in. diameter, 60 
in. stroke, twin, tandem-compound, condensing, reversing en- 
gines geared two to one on the mill. The size of this engine was 
determined after some special tests had been made by Prof. Wm. 
Trinks of the Carnegie Institute of Technology, and has proved to 
be of just the right capacity. 

This new type of mill did in practice all or more than was ex- 
pected of it, as it has made very uniform gages, rolling plates 
16 ft. wide down to */s in. gage, for the sides and crowns of loco- 
motive boilers, with comparatively little difference in thickness 
between the edge and the center. 

The cast-steel supporting rolls, 50 in. in diameter, furnished the 
strength and stiffness, while the chilled-iron working rolls, 34 in. 
in diameter, gave the desired finish, and were free from the spring 
and over-strain usually resulting from the customary type of mill. 
One of the features of this design is that the working rolls, which 
come into contact with the hot metal, and hence are subjected to 
heavy internal expansion strains, are freed from the burden of 
the transverse stress and, consequently, are less liable to breakage, 
while the large rolls, made of stronger material, are also not 
required to come into contact with the hot metal, and are free 
from consequent internal strains caused by the heating of the 
surface, and are in better condition thus to do their own part of 
the work of carrying the transverse bending stresses. 

The size of the mill required a special design of housings, each 
housing being made in four parts, with suitably fitted joints 
strongly bolted together, and reaching across half way toward the 
opposite housing, thus forming the bridge for carrying the hy- 
draulie counter-balancing mechanism and the powerful driving 
mechanism for the adjusting screws. The total height of the 
housing from the bottom of the bed plate to the top of the casing 
protecting the housing screws is practically 40 ft. 

It is interesting to note that the main features of this mill, 
designed by Julian Kennedy nearly forty years ago, are now 
forming the basis, with suitable modifications, for the latest 
types of mills, for meeting the exactions of gage and finish now 
being so much sought after in light as well as heavy work. 


R. J. Wean.* This discussion deals with the commercial as- 
pect of 4high and continuous mills. It is obvious that more 


4 Aetna Standard Engineering Co., Youngstown, Ohio. 
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thought and development has been put on the mechanical phase 
of these mills by Mr. Biggert and his company than has been 
given to the development of the market for the product made on 
this type of mill. 

There is no question that steel in long lengths and in widths up 
to 42 in. can be rolled on hot mills of this kind, but when this 
product has been produced, it still remains in the form of hot 
strip steel and it is necessary to subject this to various finishing 
processes to impart the finished and physical properties required 
by the uses to which sheet steel is put. As these uses differ widely 
and are numerous, the sheet-steel industry is one of specialties. 

The great diversity of uses, and the various modifications in 
treatment during the processes of manufacture required to adapt 
sheets to these uses make up a very long list of products. It is 
very unusual to have an extremely wide range of these various 
sheet grades made in one plant. Therefore, it cannot be ex- 
pected that the operators of continuous 4-high mills can afford 
to finish this material into the wide ramification of grades re- 
quired to serve the sheet industry. 

The installation and operation of continuous 4-high mills have 
affected the sheet-steel market to such an extent that selling 
prices are much lower than they should be for either the sheet- 


steel producer or the producer of wide strip steel. They have 
been competing in the same market, whereas it appears as though 
they might serve each other to supply the same market on a non- 
competitive basis. 

Would it not be better for the producer of wide strip steel to 
furnish the sheet-steel industry with material rolled down to 
12, 14, or 16 gage in the form of hot strip steel and permit thie 
experienced sheet-steel manufacturer to finish this material into 
the various grades required by the sheet consumers? 

In this way there would be sufficient tonnage available for the 
wide-strip-steel operator to keep his mill in continuous operation 
and still make use of the existing sheet-steel finishing capacity 
in this country. 

This same application can be made to the manufacturer of tin 
plate, as witnessed by the installation of one of these mills for the 
production of tin-mill breakdowns alone. 

Surely the development of this market is worth considera}le 
thought. The cooperation of the wide-strip producer and the 
sheet-steel producer would not only work out to the economic 
advantage of both, but to the entire steel industry as well, and 
most certainly to the stockholders who have invested their money 
in these companies. 
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Destruction Test of a 66-In. Forged Steel 
Penstock Pipe 


By JOHN L. COX,! PHILADELPHIA, PA. 


The section of pipe tested is representative of a portion of one 
section of the penstock of the Big Creek Power Plant No. 2, near 
Los Angeles, Calif., of the Southern California Edison Co., with 
the object of determining the elastic limit and ultimate strength, as 
well as the deformation and behavior under high pressure. 

Details and specifications of the pipe section are given as well as a 
description of the test arrangements and measuring apparatus. 
The test is described and the results are given in tabular and graphic 
form. 

The pipe reached its elastic limit at a pressure of 2150 Ib. corre- 
sponding to a tangential stress of 25,000 Ib. per sq. in. in the steel 
of the walls, the measured proportional limit of the steel at the ends 
being 24,500 lb. The pipe failed at a pressure of 5300 |b., which, 
by the approximation of the extended Birnie formula, would corre- 
spond to a fiber stress of 62,000 Ib. per sq. in., compared with 
an actual tensile strength of 67,750 lb. The external expansion 
was 6 in. in diameter, or 8.3 per cent. The internal expansion was 
6-3 8 in. in diameter or 9.63 per cent. The mean expansion of the 
wall was 8.96 per cent. The reduction in wall thickness at the mid- 
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Fic. 1 SHowrne Dimensions OF THE Pipe BEFORE 
THE TEST 
(Machined where marked “‘f;” otherwise as forged.) 
1 The Midvale Company. 
Presented at the Annual Meeting, New York, December 5 to 8, 
1927, of Tue AMERICAN SocteTy OF MECHANICAL ENGINEERS. 


length of the pipe at the fracture was 3/16 in. or 6.25 per cent. The 
paper closes with a discussion of the results of the test. 


Tue PrRoBLEM 


4 HE Southern California Edison Company is building a 
high-head hydroelectric station at Big Creek Power Plant 
No. 2 near Fresno, California. At high water level the 
total head above the nozzles is 2419 ft., corresponding to a 
water pressure of 1050 Ib. per sq. in. 

The penstock consists of a single line of riveted or welded pipe 
running from the intake to a point where the head is 1644 ft., 
corresponding to a pressure of 715 lb. per sq. in. Below that 
point it is a 66-in. line 1682 ft. long, dividing into two 48-in. 
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lines each 80 ft. long, subdividing again into four 34-in. lines 
each 60 ft. long, which run to the nozzles. The total length of 
the penstock is 6480 ft. of direct line, not including laterals. 
Owing to the high head and to some experience with brittle 
pipe bursting without appreciable expansion, the company’s en- 
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gineers specified for the higher-pressure section of the line (that 
above 715 Ib. pressure) the use of forged-steel sections with 
integral coupling flanges, but before contracting for this type of 
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pipe they arranged for the manufacture of a representative 

section of 66-in. pipe and for its test to destruction to determine 

the elastic limit and ultimate strength, as well as the deformation 

and behavior under high pressure of this type of conduit. 
The specifications for forged-steel pipe were as follows: 


Tensile strength, lb. per sq. in. .. .62,000 
Yield point, lb. per sq. in.. . ee 35,000 


Each section was to be subjected for 15 min. to an internal hy- 
drostatic pressure of twice its static working pressure. The 
thickness of sections was based on an allowable stress in the metal 
of 12,000 lb. per sq. in. under full static head, calculated by 
Birnie’s formula for open-end cylinders with thick walls: namely, 


where P = internal pressure in pounds per square inch 
D, = outside diameter in inches 
D, = inside diameter in inches, and 


S = fiber stress in pounds per square inch. 


For reasons of economy the body of the test pipe was reduced 
in length to 8 ft., that being considered sufficiently long to avoid 


reinforcement of the mid-length by the end flanges—a view that 
later proved to be correct. 

Fig. 1 shows the design adopted for this representative forging. 
The pipe had an average internal diameter of 66%/,. in., an average 
wall thickness of 3!/3. in. over a length of 945/, in., and a heavy 
flange at each end. 

MANUFACTURE 


To this design a forging was made from a 63-in. octagon ingot 
of acid open-hearth steel of the following composition: 


Manganese... 
Phosphorus 
Sulphur..... ..0.042 


After reheating, the ingot was cropped, punched, expanded, 
and forged under a 9000-ton hydraulic press, then lightly an- 
nealed. The average physical properties obtained on transverse 
test bars taken from the heavy section of the ends, about 13 in 
thick, gave the following results: 


Tensile strength, lb. per sq. in... .. 67,750 
Yield point, lb. per sq. in... . 37,000 
Proportional limit, lb. per sq. in. 24,500 
Elongation in 2 in., per cent 31.2 
Reduction of area, per cent 11.5 


Test ARRANGEMENTS 


To reduce the volume of the water space at test and to simulate 
conditions of actual service, there was arranged to be inserted 
in the test pipe a thick-walled cylinder having ends closely fitting 
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the bore of the pipe and fitted with U-leathers. A slight reduc- 
tion in diameter of the inner cylinder between its fitted ends and 
a slight increase in diameter of the pipe between the same points, 
provided a small annular space for the high-pressure water. 

Fig. 2 shows how the pipe section was fitted with its inner 
cylinder. This had an average inside diameter of 52 in., an 
outside diameter of 65'/, in., and an elastic limit of 38,300 Ib. 
per sq. in. 

The heavy flange at each end of the pipe was intended to pre- 
vent failure of the U-leathers by an increase in the clearance be- 
tween inner cylinder and pipe through expansion of the latter 
under pressure. 

Fig. 3 shows the pipe being fitted up, and Fig. 4 the upper end 
of the pipe with the retaining ring of its U-leather. 

Pressure was supplied by a motor-driven test pump with a 
capacity of two gallons per minute up to 6000 Ib. pressure. 

There were provided the following measuring instruments: 

One indicating pressure gage, range 0 to 4000 Ib., read for 
pressures up to 3500 Ib. for accurate determination of the elastic 
limit of the pipe. This was shut off at the higher pressures. 

One indicating pressure gage, range 0 to 10,000 Ib., read for 
pressures from 3500 lb. up to final pressure. 

One recording pressure gage, range 0 to 15,000 lb., one revolu- 
tion in two hours, operating during the entire test. 

Four Ames indicating dials, range 0 to 0.250 in., measuring 
radial expansions at four points 90 deg. apart at mid-length of 
the pipe, read for pressures up to 2600 Ib. 

Four electric expansion indicators, range 0 to 8 in., reading 
to '/, in., each consisting of a guided bar forced at one end 
against the outside of the pipe by a spring and carrying on the 
other end a slide passing over a series of closely spaced contacts, 
each contact connected to one of a series of indicating lamps 
mounted on a board with corresponding indicated expansions 
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marked on an adjoining scale. These indicators were applied at 
the same points as the Ames dials when the latter were removed, 
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and measured the radial expansion from 2600 lb. up to the burst- 
ing pressure. Fig. 5 shows the contacting end and Fig. 6 the 
indicating end of these devices. 

There were also: 

Three mechanical expansion indicators, each formed of a steel 
wire fastened at one end to a fixed object near the pipe, wrapped 
one turn around the lubricated body of the pipe and, after running 
over suitably arranged pulleys, suspending at the other end a 
counterweight with a pointer indicating on a vertical scale at 
its side the circumferential expansion of the pipe. These 
indicators were applied respectively at 6 in. below the top, 6 in. 
below the middle, and 6 in. above the bottom of the 3!/s:- 
in.-thick portion of the wall, and operated during the entire 
test. 

The recording and indicating pressure gages were specially 
calibrated by the Bureau of Standards for this test, and the ob- 
served readings were corrected accordingly. 

The general arrangement of the test is shown in Fig. 7. To 
avoid accidents the pipe with its inner cylinder in position was 
placed in a concrete pit and the pit covered with armor plates. 
The pump, pressure gages, and the expansion indicating devices, 
with the exception of the Ames dials, were mounted on the floor 
above at a safe distance. 

The Ames dials and, later, the contactors of the electric expan- 
sion indicators were mounted on a rigid structural-steel frame 
surrounding the pipe and resting independently on the concrete 
floor of the pit, upon which the pipe was also firmly supported on 
end. Fig. 8 shows this frame with the Ames dials in position, and 
Fig. 9 shows the electrical gages in position after removal of the 
dials at 2600 Ib. pressure. 
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gineers specified for the higher-pressure section of the line (that 
above 715 lb. pressure) the use of forged-steel sections with 
integral coupling flanges, but before contracting for this type of 


Fie.3 ~Firrinc Up THE 


pipe they arranged for the manufacture of a representative 

section of 66-in. pipe and for its test to destruction to determine 

the elastic limit and ultimate strength, as well as the deformation 

and behavior under high pressure of this type of conduit. 
The specifications for forged-steel pipe were as follows: 


Tensile strength, lb. per sq. in. 62,000 
Yield point, lb. per sq. in... .. 35,000 
Elongation in 2 in., per cent 


Each section was to be subjected for 15 min. to an internal hy- 
drostatic pressure of twice its static working pressure. The 
thickness of sections was based on an allowable stress in the metal 
of 12,000 lb. per sq. in. under full static head, calculated by 
Birnie’s formula for open-end cylinders with thick walls: namely, 


10(D,? — D,?) 
13D,? + 7D? 


> = 


where P = internal pressure in pounds per square inch 
D, = outside diameter in inches 
D, = inside diameter in inches, and 
S = fiber stress in pounds per square inch. 


For reasons of economy the body of the test pipe was reduced 
in length to 8 ft., that being considered sufficiently long to avoid 


reinforcement of the mid-length by the end flanges—a view that 
later proved to be correct. 

Fig. 1 shows the design adopted for this representative forging. 
The pipe had an average internal diameter of 66%/\. in., an average 
wall thickness of 3!/3. in. over a length of 94°/, in., and a heavy 
flange at each end. 

MANUFACTURE 


To this design a forging was made from a 63-in. octagon ingot 
of acid open-hearth steel of the following composition: 


Manganese... 
Phosphorus. . 
Sulphur. .... 0.042 
Silicon...... 


After reheating, the ingot was cropped, punched, expanded, 
and forged under a 9000-ton hydraulic press, then lightly an- 
nealed. The average physical properties obtained on transverse 
test bars taken from the heavy section of the ends, about 13 in 
thick, gave the following results: 


Tensile strength, lb. per sq. in... ... . 67,750 
Yield point, lb. per sq. in... . . 387,000 
Proportional limit, lb. per sq. in. 24,500 
Elongation in 2 in., per cent ; 31.2 
Reduction of area, per cent 41.5 


Test ARRANGEMENTS 


To reduce the volume of the water space at test and to simulate 
conditions of actual service, there was arranged to be inserted 
in the test pipe a thick-walled cylinder having ends closely fitting 


Fig. 4 Upper Enp or Pire 
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the bore of the pipe and fitted with U-leathers. A slight reduc- 
tion in diameter of the inner cylinder between its fitted ends and 
a slight increase in diameter of the pipe between the same points, 
provided a small annular space for the high-pressure water. 

Fig. 2 shows how the pipe section was fitted with its inner 
cylinder. This had an average inside diameter of 52 in., an 
outside diameter of 65'/, in., and an elastic limit of 38,300 Ib. 
per sq. in. 

The heavy flange at each end of the pipe was intended to pre- 
vent failure of the U-leathers by an increase in the clearance be- 
tween inner cylinder and pipe through expansion of the latter 
under pressure. 

Fig. 3 shows the pipe being fitted up, and Fig. 4 the upper end 
of the pipe with the retaining ring of its U-leather. 

Pressure was supplied by a motor-driven test pump with a 
capacity of two gallons per minute up to 6000 lb. pressure. 

There were provided the following measuring instruments: 

One indicating pressure gage, range 0 to 4000 lIb., read for 
pressures up to 3500 lb. for accurate determination of the elastic 
limit of the pipe. This was shut off at the higher pressures. 

One indicating pressure gage, range 0 to 10,000 Ib., read for 
pressures from 3500 lb. up to final pressure. 

One recording pressure gage, range 0 to 15,000 lb., one revolu- 
tion in two hours, operating during the entire test. 

Four Ames indicating dials, range 0 to 0.250 in., measuring 
radial expansions at four points 90 deg. apart at mid-length of 
the pipe, read for pressures up to 2600 Ib. 

Four electric expansion indicators, range 0 to 8 in., reading 
to '/, in., each consisting of a guided bar forced at one end 
against the outside of the pipe by a spring and carrying on the 
other end a slide passing over a series of closely spaced contacts, 
each contact connected to one of a series of indicating lamps 
mounted on a board with corresponding indicated expansions 
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marked on an adjoining scale. These indicators were applied at 
the same points as the Ames dials when the latter were removed, 
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and measured the radial expansion from 2600 lb. up to the burst- 
ing pressure. Fig. 5 shows the contacting end and Fig. 6 the 
indicating end of these devices. 

There were also: 

Three mechanical expansion indicators, each formed of a steel 
wire fastened at one end to a fixed object near the pipe, wrapped 
one turn around the lubricated body of the pipe and, after running 
over suitably arranged pulleys, suspending at the other end a 
counterweight with a pointer indicating on a vertical scale at 
its side the circumferential expansion of the pipe. These 
indicators were applied respectively at 6 in. below the top, 6 in. 
below the middle, and 6 in. above the bottom of the 3%/s:- 
in.-thick portion of the wall, and operated during the entire 
test. 

The recording and indicating pressure gages were specially 
calibrated by the Bureau of Standards for this test, and the ob- 
served readings were corrected accordingly. 

The general arrangement of the test is shown in Fig. 7. To 
avoid accidents the pipe with its inner cylinder in position was 
placed in a concrete pit and the pit covered with armor plates. 
The pump, pressure gages, and the expansion indicating devices, 
with the exception of the Ames dials, were mounted on the floor 
above at a safe distance. 

The Ames dials and, later, the contactors of the electric expan- 
sion indicators were mounted on a rigid structural-steel frame 
surrounding the pipe and resting independently on the concrete 
floor of the pit, upon which the pipe was also firmly supported on 
end. Fig. 8 shows this frame with the Ames dials in position, and 
Fig. 9 shows the electrical gages in position after removal of the 
dials at 2600 lb. pressure. 
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Tue TEst 


A preliminary test under a pressure of 1800 lb. developing no 
leaks of the U-leathers or at the joints of the piping, the official 
test began at 10:20 a.m. the following day in the presence of 
engineers of Messrs.Stone & Webster, representing the purchaser, 
and representatives of The Midvale Company and of the Beth- 
lehem Steel Company. 

The system forefilled and the air valve closed, pressure was 
gradually raised to 2600 lb., readings of the radial expansions 
being taken with the Ames dial indicators at pressures of 500, 
750, 1000, 1250, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 
2300, 2350, 2400, 2500, and 2600 Ib. per sq. in. As the readings 
were taken, two curves were plotted, each representing the av- 
erage radial expansion of two diametrically opposite points on the 
pipe as a function of the pressure. 

At 2600 lb. pressure it was evident from both curves that the 
elastic limit had been certainly passed, the pump was stopped, 
the dial indicators removed, and the electrical indicators put in 
their place. The pressure was again increased. At 11:25a.m. at 
3400 lb. pressure, a pipe joint leaked, requiring a relief of pressure 
to make repairs. 

At 12:04 p.m., the pump was again started and expansions re- 
corded up to a pressure of 4200 lb., when, at 12:35 p.m., a leaking 
joint compelled a second interruption. Repairs were completed 
at 1:50 p.m., the pump started and expansion readings taken up 
to 3:03 p.m., when at a pressure of 5300 Ib. per sq. in. and witha 
loud report, the pipe burst. 

Figs. 10, 11, and 12 show the manner in which the fracture 
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occurred, as predicted by Dr. F. C. Langenburg, consulting 
metallurgist of the Watertown Arsenal, from the results of his 
experiments on gun forgings. 

The crack extended entirely through the bottom flange, with a 
crack at right angles to it at the point of stress concentration be- 
tween the body and the bevel of the flange. The two arms of 
the V-shaped crack at the upper end partly encircled the forging 
there in the same region of maximum stress and then bent down- 
ward, as will be seen in Fig. 4, nearly meeting at the opposite 
side of the forging. 


RESULTS 


On Fig. 13 are shown curves plotted from the readings of the 
various devices for measuring expansion. They represent the 
diametral expansion of the pipe as a function of the pressure, 
throughout the entire period of the test. 

From 0 to 2600 Ib. pressure the left curve shows the average of 
the readings from the four Ames dial indicators. At that pressure 
they were removed, the electric expansion indicators were em- 
placed, and thereafter the latter gave four closely parallel curves 
which were averaged and are shown as one curve. 

The readings of the two mechanical! indicators near the ends of 
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the pipe were closely alike and, similarly averaged, are shown as 
one curve. 

The straight dotted line shows anticipated diametral expansions 
up to 2500 lb. internal pressure, based on stresses derived by 
Birnie’s formula and a modulus of elasticity of 30,000,000 for 
the steel. 


th 


4 
° ° a 
: 
I wires. it 
s 
4 b 
| 
7 
>| 
| 
> 
| of 


IRON AND STEEL 


The expansion curves show clearly that the proportional limit 
of the steel was reached at 2150 lb. pressure, producing, as shown 
in Fig. 14, a tangential stress in the pipe wall of 25,000 lb. per sq. 
in. This agrees closely with the 24,500 lb. proportional limit of 
the transverse-test bar. 

The soundness of the formula is further shown by the substantial 
agreement of the actual and anticipated expansions. 

Fig. 14 shows the tangential stresses in the walls of the cylinder 
as a function of the pressure, using the Birnie formula and 
disregarding the limitation of the formula to stresses within the 
proportional limit. 

According to this curve, the wall stress produced by the burst- 
ing pressure of 5300 lb. would be 62,000 Ib. per sq. in. This is 
somewhat less than the tensile strength of the transverse-test 
bar, 67,750 lb. The difference shows the error of the formula 
when extended beyond its recognized limitations, while empha- 
sizing by its small amount the unexpectedly close approximation 
of the formula to the truth. 
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As previously stated, transverse-test bars cut from the metal 
of the flanges of the pipe for test averaged: 


Tensile strength, lb. per sq. 67,750 
Yield point, Ib. per eq. in... . 
Proportional limit, Ib. per sq. in................... 24,500 
Elongation in 2 im., per comt..... 
Reduction of aren, per 41.5 


After the test transverse-test bars were taken at the root of 
the lower flange where the expansion was 2 per cent due to the 
restraining influence of the flange, the results averaging: 


Fracture, Front View 


Proportional limit, lb. per sq. in...................33,500 
Elongation in 2 in., per cent.............. 
Reduction of area, per cent iivyiu- 


A transverse-test bar was also taken at the mid-length of the 
forging where the expansion averaged 8.96 per cent which gave: 


Tensile strength, lb. per sq. in................0..... 75,000 
Yield point, lb. per sq. in... .68,000 
Proportional limit, lb. per sq. in......... 60,000 
Elongation in 2 in., per cent........................17.0 
Reduction of area, per cent... . . 


These figures show the extent to which the metal was work- 
hardened by the cold-working to which it had been sub- 
jected. 

An examination of the readings of the electrical and mechanical 
indicators taken beyond the proportional limit of the steel shows 
a fairly close agreement, considering their relative positions— 
at the center and 6 in. below it—and the difference in their 
methods of operation. They give a diametral expansion at the 
mid-length of the pipe of somewhat over 6 in. at the moment of 
failure. The circumferential measurements taken after fracture 
give a diametral expansion of 6'/, in. as shown in Fig. 15. In 
the calculations that follow, 6 in. is taken as being certain. 

The form and extent of the fracture and the final shape of the 
pipe are also shown in this sketch. The main crack occurred in 
the quadrant where the wall was originally thinnest. 

The original wall thickness of the middle of the pipe in the 
quadrant of rupture was 3 in., reduced to 2'*/; in. after test, 
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Fic. 11 Fracrure, Rear View 


giving a reduction in wall thickness of */;5 in. or 6.25 per cent. 

The initial outside diameter of the pipe was 72'/, in., the final 
diameter 72!/, in. + 6 in. = 78'/, in.; corresponding to an ex- 
pansion of 8.3 per cent. 

The initial inside diameter of the pipe was 66*/,. in., and after 
test 66°/i. in. + 6 in. expansion + #/,-in. reduction in two wall 
thicknesses = 72°/,,in., giving an inner diametral expansion 
of 9.63 per cent. The mean expansion was therefore (8.3 + 9.63) 
+ 2 = 8.96 per cent. 

The burst pipe was cylindrical for a distance of from 4 in. to 
71/, in. at the mid-length, indicating that the section there was 
not influenced by the proximity of the reinforced ends, and that 
the effect produced there would have continued for any additional 
length the pipe might have had. 


Summary oF RESULTS 


The pipe reached its elastic limit at a pressure of 2150 lb. 
corresponding to a tangential stress of 25,000 lb. per sq. in. in 
the steel of the walls, the measured proportional limit of the steel 
at the ends being 24,500 Ib. 

The pipe failed at a pressure of 5300 lb. which, by the approxi- 
mation of the extended Birnie formula, would correspond to a 
fiber stress of 62,000 lb. per sq. in., compared with an actual ten- 
sile strength of 67,750 lb. 

The external expansion in diameter was 6 in., or 8.3 per cent. 
The internal expansion was 6*/, in. or 9.63 per cent. The mean 
expansion of the wall was 8.96 per cent. The reduction in wall 
thickness at the mid-length of the pipe at the fracture was */j¢ in. 
or 6.25 per cent. 


Fic. 12 Fracture, Sipe View 


OBSERVATIONS 


It is seldom that an opportunity is afforded engineers for 
comparing the elastic and breaking strengths of a large forging 
with that of its representative test bars—and it is encouraging 
to note that they appear to be in such good accord. A foundation 
is laid for confidence that test bars properly located will truly 
indicate the average behavior of the metal in the large forging 
from which they may be taken. 

It appears that an internal pressure producing a calculated 
stress practically equal to the proportional limit of its metal 
can be withstood without permanent deformation by a seamless 
forged-steel pipe; and that it may fail at about the pressure given 
by the Birnie formula arbitrarily extended to the ultimate 
strength. 

Ductility has always been considered of great advantage in the 
walls of any vessel as enabling them to yield to sudden overpower- 
ing stress and so reduce the severity of the shock. There is also 
great gain in the substitution of swelling or splitting of the walls, 
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with gradual relief of pressure, for the explosive relief of shattering. 

A further advantage lies in the visual evidence of distress 
given by a positive swelling, enabling replacement of a part before 
its destruction occurs. 

The experiment just reported indicates another advantage not 
usually recognized. 

Within recent years much progress has been made in the con- 
struction of light ordnance by the process of autofrettage— 
the preliminary expansion by hydraulic pressure of an under- 
bored gun. By a stretching beyond its elastic limit the metal 
of the bore is, on relief of pressure, left in a state of initial com- 
pression while the outer layers are in moderate initial tension, 
the effect being similar to that of a built-up gun. The usual 
amount of initial expansion is about 5 per cent of the diam- 
eter. 

The same effect has been produced in the walls of this repre- 
sentative pipe. The stress produced in the original wall by 
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1050 Ib., the highest pressure in the system, would be about 
12,500 lb., giving a factor of safety of 2 compared with the 
original proportional limit in the steel of 24,500. 

The expanded pipe, having a proportional limit of 50,000, 
would carry with the same factor of safety an internal pressure 
of 1840 lb. Therefore, just before bursting the expanded pipe 
was as safe, theoretically, for 1840 lb. pressure as a brittle 
pipe for 1050 lb. pressure. 

The pronounced expansion shown by the seamless forged-steel 
pipe tested indicates both that it is an eminently safe type of 
pipe, able to bear excessive loads without fracture, and that it 
may be relied upon to give ample warning of danger in case of 
weakening through corrosion or otherwise. 


Discussion 


E. O. Warers.? The test reported by the author is extremely 
interesting as a check on existing theories of the strength of cyl- 
inders. The fact that the ultimate strength as computed by 
Birnie’s formula falls considerably below that obtained from 
the test bars is of far less significance than the close agreement 
between the actual and theoretical stretch within the elastic 
limit. The curves in Fig. 13 (below the elastic limit) prove un- 
mistakably the soundness of a formula that is based on maximum 
strains and takes account of the interrelation of the principal 
stresses, in accordance with St. 
Venant’s hypothesis. 
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would figure out as about 57,900 lb. per sq. in., some 16 per 
cent below the strength of the test bars. 

The author’s computed strength of 62,000 lb. per sq. in. was 
evidently figured on the original diameter of the pipe. But allow- 
ing for the increase in total hydrostatic load due to the expanded 
inside diameter of the pipe at the instant of failure, it is easy to 
show that the ultimate strength is 67,600 lb. per sq. in.; this is 
computed without assuming any shrinkage in wall thickness, 
which obviously would be in error, as it would be akin to com- 
puting the ultimate strength of a tensile-test specimen on the 
basis of the reduced area of the fracture. This figure, while 
unimportant, may be considered as corroboration of the other 
results and a further proof of the soundness of the formulas. 

Checking the test results according to the maximum-shear 
theory, we have the following: 

Average shearing strength of test bars, 67,750 + 2 = 33,875 
Ib. per sq. in. 

Maximum radial stress in pipe, 5300 lb. per sq. in., compression. 

Maximum hoop stress, based on expanded pipe, with no re- 
duction in wall thickness, 66,029 lb. per sq. in., tension. 

Corresponding shear stress, (66,029 + 5300) + 2 = 35,663 
lb. per sq. in. This is not as good an agreement as the one just 
given on the basis of the maximum-strain theory using the ex- 
panded inside diameter, but is a better correlation than that 
given by the maximum-strain theory based on the original diam- 
eter. 


H. L. Doouirrie.’ In the design of the penstock for the 
new Big Creek Power Plant No. 2 of the Southern California 
Edison Company, several interesting and difficult problems 
were encountered. This plant will contain two 56,000-hp. units 
operating under a head of approximately 2400 ft. Economic 
studies showed that it would be desirable to depart from the 
usual practice of installing one penstock for each unit and use 
instead a single pipe line to a point adjacent to the power house 
where laterals would be installed to branch to the two units. 

The use of a single line to supply these two large units under 
this high head required a diameter of 66 in. at the bottom with a 
wall thickness of 3 in. After making an investigation of the 
different ways in which this pipe could be built, it was finally 
decided to use seamless steel forgings with integrally forged 
flanges. As this company had never used any material of this de- 
scription, it was stated in the contract that a piece of pipe, repre- 
senting the heaviest section, should be tested to destruction be- 
fore proceeding with the manufacture of the penstock proper. 

While equal contracts for this forged pipe were placed with the 
Bethlehem Steel Company and the Midvale Company, it was 
decided to have the Midvale Company make the destruction 
test. This test is very ably described by the author in his paper, 
and his company is to be congratulated on the thoroughness 
with which they carried out the test and the rapidity with which 
all of the work in connection therewith was done. As the paper 
shows, every precaution was taken to obtain as much informa- 
tion as possible from the test, and it is felt by all concerned 
that the information obtained amply justified the expense in- 
volved. 

It was very gratifying to note that the pipe burst at an ulti- 
mate stress of 62,000 lb. per sq. in., which is within about 10 per 
cent of the ultimate strength of the test bars taken from the 
forging. Observations on other tests to destruction and on 
penstocks that have failed in service, made of different material 
and by different processes, have indicated that the failures oc- 
curred at stresses very materially lower than the ultimate strength 
of the test bars. 


3 Chief Designing Engineer, Southern California Edison Co., Los 
Angeles, Calif. Mem. A.S.M.E. 


Another very gratifying result of the test was the proof of the 
ductility of this forged material, indicated by a 9 per cent in- 
crease in diameter at the time of failure. In addition to this in- 
crease in diameter, the thickness reduced a little over 6 per cent. 
It is felt that this ductility is a very desirable quality in a pen- 
stock, as operating conditions are likely to subject the pipe to 
severe water hammer. The more brittle the metal, the less able 
it is to withstand these sudden shocks. 

The observations made in the paper regarding the increase in 
the strength of the pipe due to its expanding under pressure are 
of interest, but it is doubtful if operating companies would take 
this into consideration and reduce the thickness of the pipe on 
that account. 


A. M. Wau.‘ The author has applied the Birnie formula 
for stress in thick cylinders to this case. It is also instructive 
to apply Lamé’s formula’ for thick cylinders to this pipe and see 
how it checks with the Birnie formula. Lamé’s formula is, 
using the notation of the paper, 


— D# 


where R is the distance from the axis of the thick cylinder at 
which the stress S exists. It is clear from this formula that the 


stress is a maximum at the inner edge, i.e., when R = D,. This 
maximum value is 


ome Dt — D? 


Substituting in Equation [1] the dimensions given by the 
author we obtain, at an internal pressure of 2150 lb. per sq. in. 
corresponding to the elastic limit found by test, a stress dist ri- 
bution over the cross-section of the pipe as shown in Fig. 16. 
The maximum stress occurs along the inside edge and is equal to 
24,650 lb. per sq. in. while the minimum stress occurs at the out- 
side edge and is equal to 22,500 lb. per sq. in. The value of 
of the maximum stress obtained in this way, i.e., 24,650 lb. per sq. 
in., is quite close to the value of proportional limit found by the 
author using test pieces cut from the flange of the pipe. It 
also does not differ greatly from the value of 25,000 lb. per sq. 
in: obtained by the author using the Birnie formula. These 
figures indicate that both the Lamé and Birnie formulas give 
results quite close to the actual test results. 

Since the pipe-wall thickness is quite small compared with 
the diameter, we may also consider it a thin cylinder subjected 
to internal pressure. This amounts to assuming that the 
stresses are distributed uniformly over the thickness of the pipe. 
Reference to Fig. 16 will show that this supposition is very nearly 
true. We may therefore equate the tensile force acting over 
the thickness of the cylinder to the resultant of the forces due to 
internal pressure in the same way as we determine stresses in 


cylindrical boilers. Considering unit axial length we have there- 
2 


° 2 . 
fore a tensile force equal to and a corresponding stress 


a where ¢ is the thickness of the pipe wall. 
sions given by the author we obtain at a pressure of 2150 |b. 
per sq. in. a value of stress equal to 23,500 Ib. per sq. in. 

It may be seen that this stress differs from the more exact 
values given by Lamé’s and Birnie’s formulas above, by only 
about 6 per cent or less. Hence it would seem that, for pipes 
having the relative dimensions of the pipe tested, it is unnecessary 


Using the dimen- 


4 Research Laboratory, Westinghouse Electric & Manufacturing 
Co., E. Pittsburgh, Pa. 
5 See ‘‘Applied Elasticity,’’ Timoshenko and Lessells, p. 252. 
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to apply thick-cylinder formulas to obtain reasonably accurate 
results. 

It is hard for the writer to accept without qualification the 
statement made at the end of the paper that “the metal of the 
bore is, on relief of pressure, left in a state of initial compression, 
while the outer layers are in a state of moderate initial tension.” 
This effect undoubtedly occurs to a considerable degree in guns 
when subjected initially to high pressure, but in such cases the 
wall thickness of the gun is quite large compared to the diameter. 
Hence the stress distribution below the elastic limit is somewhat 
as shown by the shaded area of Fig. 17, a peak of stress occurring 
along the bore. When stressed by internal pressure the ma- 
terial at the bore most quickly reaches its elastic limit. After 
this occurs, permanent set is produced and the peak of stress 
is cut off. On relieving the pressure, high residual stresses of 
opposite sign are induced at the bore. 

On the other hand, when the stress distribution is very nearly 
uniform, which, as indicated by Fig. 16, was the case for this 
penstock pipe, there is no sharp peak of stress to be cut off as is 
the case with guns. Consequently no very high residual stresses 
can be induced. Such a case would be similar to attempting 
to induce high residual stresses in a tension test piece by stressing 
beyond the elastic limit in a tension-testing machine and then 
relieving the load. 

There is no doubt that, asthe author states, the proportional 
limit of the material is raised by overstraining the metal. But 
it must also be noted that the author’s tests show that the ulti- 
mate strength of the test bars cut out after failure of the pipe 
did not show a corresponding increase. Hence, in view of this 
fact and what has been mentioned above, the writer cannot agree 
entirely with the statement that ‘‘just before bursting the ex- 
panded pipe was as safe theoretically for 1840 Ib. pressure as a 
brittle one for 1050 Ib. pressure.” 

The writer takes this statement to mean that the factors of 
safety against bursting for a brittle pipe at 1050 Ib. pressure 
and for a ductile pipe at 1840 Ib. would be equal. Since, as 
shown above, only a small amount of residual stress is induced 
by overstraining, and since the ultimate strength is not greatly 
raised by such treatment, it is possible, in the writer's opinion, 
that the factors of safety against bursting for the ductile pipe 
and the brittle pipe would not be greatly different provided 
the ultimate strength of both kinds of material is the same, and 
assuming that no stress concentration, due to holes, fillets, or 
other causes exists, and that no initial ellipticity of the pipe 
cross-section due to fabrication is present. 

Since in practical pipes there is always some concentration 
of stress near holes, flanges, outlets, etc., the ductile pipe is su- 
perior because it will allow yielding of the material without 
failure at points of concentration of stress; consequently the 
stresses are reduced by virtue of this yielding. On the other 
hand, brittle materials would allow a crack to open. 

A further reason for the superiority of the ductile pipe arises 
because of the fact that some initial ellipticity of the pipe cross- 
section may arise during fabrication, i.e., the cross-section may 
deviate somewhat from the circular form. The writer has caleu- 
lated, using the analysis given in his paper, that an initial ellip- 
ticity or maximum deviation from the circular form of the pipe 
tross-section equal to one-sixth the thickness of the pipe wall, 
will approximately double the maximum stress set up by internal 
pressure. These calculations have recently been verified by 
strain measurements made by the writer on large pipe bends 
for steam turbines. For example, it was found that in a 10- 
in. expansion bend for a steam turbine at points where the ellip- 


‘See Appendix No. 5 of the writer's paper, “Stresses and Reactions 


in Expansion Pipe Bends,”’ presented before the annual meeting of 
the A.S.M.E., 1927. 
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ticity was about 0.1 in., the stress in the circumferential direction 
due to an internal pressure alone of 1000 Ib. per sq. in., varied 
from about 1000 Ib. per sq. in. compression to about 24,000 Ib. 
per sq. in. tension. Herein lies an important advantage of the 
ductile pipe. The ductile pipe will on overstressing allow yield- 
ing so that the pipe cross-section will more nearly approximate 
the circular form with consequent decrease in ellipticity of the 
cross-section, thereby producing a more uniform stress distri- 
bution. On the other hand, the brittle pipe will not allow this 
yielding but may allow a crack to open, with consequent failure at 
a much lower internal pressure than would be the case for a 
similar pipe of ductile material. 

The writer would also like to point out the fact that the ‘true 
ultimate strength” as found by the pipe test was quite different 
from the “true ultimate strength’ of the test pieces cut out from 
the pipe. By “true ultimate strength” is meant the actual 
stress existing in the metal at the instant of failure, i.e., the 
stress calculated on the actual sectional area existing at the time 
of fracture. Using the data on ultimate strength and reduction 
of area given by the author, the writer has calculated the ‘‘true 
ultimate strength” for the test bars cut out from the pipe. These 
values are given below. 


Average true ultimate strength 


Bar location Ib. per sq. in. 


Bars cut from flanges before test........ 115,800 
Bars cut from root of flanges after test... 138,000 
Bars cut from mid-length of forging... .. 119,400 


In order to get the true ultimate strength possessed by the 
metal of the pipe we may proceed as above, considering the pipe 


33 


Fig. 16 Fig. 17 


a thin cylinder and taking the actual inside diameter D’ existing 
at the moment of failure. We also take the reduced thickness t’ 
found at failure. The calculated value of true ultimate strength 
is, then, at 5300 lb. per sq. in. pressure, 

S = wo = pect ivan = 68,400 Ib. per sq. in. 

2t’ 2(2.812) 

By reference to the above table it may be seen that this value 
is only 57 pe> cent of the value of the true ultimate strength 
obtained on test bars cut from the material at the mid-length 
of the forging. 

The discrepancy may possibly be accounted for by the fact 
that the loading conditions in the pipe and in the test bars cut 
out were somewhat different, i.e., in the test bars free lateral 
contraction or necking of the material was allowed, while in the 
pipe lateral contraction in the axial direction was prevented 
by the rigid fastening of the ends. 


Tue Autuor. As stated by Professor Waters, in computing 
the ultimate strength of the pipe the author used the original 
dimensions to facilitate comparison between allowed and bursting 
stresses on the pipe as designed, just as the tensile strength of a 
test bar is referred to the original diameter On this basis there 
was an effective ratio of 62,000 + 67,750 = 0.91 of the original 
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test-bar strength. If the stresses be calculated on the expanded 
dimensions it would seem that comparison should be made with 
the expanded physical properties. On this basis the ratio would 
be 67,600 + 75,000 = 0.90, a singularly close agreement. 

Mr. Wahl has correctly illustrated the elastic stress distri- 
bution on thick and thin cylinders; but it is to be remembered 
that although the breech section of a gun resembles Fig. 17, the 
muzzle section much more nearly resembles Fig. 16. The effect 
of overstrain, although far less at the muzzle, is there, and to a 
certain moderate extent is present in the expanded pipe also. 
Thus a test bar taken at the inner surface of the cylinder wall 
at the point of fracture gave 4000 lb. greater proportional limit 
than was given by a corresponding bar taken at the outer sur- 
face, showing the effect of stretching the interior more than the 
exterior, with a consequent initial compression on relief of the 
pressure. 

The Birnie formula was used by the author in his discussion 
because it applies to open-end cylinders, whereas the Lamé for- 
mula, applying to closed cylinders, gives results too low. The 
use of U-leathers for packing practically removed all longi- 
tudinal stress, making the Lamé formula properly inapplicable, 
although the divergence is not great. The two formulas differ 


by from about 4 per cent to 20 per cent, according to the pro- 
portion of wall thickness to interior diameter. 
In view of the polite criticism given his statement that just 


before bursting the expanded pipe was as safe theoretically for 
1840 lb. pressure as a brittle pipe for 1050 lb., the author feels 
that an explanation is due. 

The effect of cold working on steel is to raise the proportional 
limit much more rapidly than the tensile strength; thus the orig- 
inal steel of the pipe showed 67,750 lb. tensile strength and 24,500 
lb. proportional limit, whereas the cold-worked steel showed 
75,000 Ib. tensile strength and 50,000 Ib. proportional limit—an 
increase in tensile strength of less than 11 per cent compared 
with an increase in proportional limit of 104 per cent. 

Now it has been the experience of certain water-power com- 
panies that brittle pipe bursts at about, or but slightly above, 
its proportional limit, not developing nearly its ultimate strength 
which was therefore not considered. As cold work also embrittles 
a ductile steel, both metals were compared on a basis of propor- 
tional limit only. 

It was in view of this comparison that the statement was made. 
It was not put forward as a suggestion that a lower factor of 
safety be used in designing pipe lines, but rather to point out the 
actual existence in seamless forged pipe of a larger factor of safety 
than had been used in the calculations. 

The author does not feel that it would be profitable to go into 
the question of the so-called ‘true ultimate strength’ because 
this figure is highly variable, depending, as it does, largely upon 
the amount of the contraction of area. 
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Physical Properties of Alloy Steels Under Vari- 
ous Heat Treatments and at Elevated 
Temperatures 


By ©. B. CALLOMON,! 


The author confines his treatment to two of the newer and less 
well-known ferrous alloys: (1) so-called “‘stainless’’ iron, a steel 
containing from 12 to 16 per cent of chromium and less than 0.12 
per cent carbon; and a “‘super’’ stainless iron containing from 12 
to 20 per cent of chromium and 7 to 10 per cent of nickel. The 
former not only resists corrosion but is readily machinable; it is 
susceptible to heat treatment, under which it attains remarkable 
physical properties fitting it for a wide range of engineering appli- 
cations. The second alloy, the strength of which is increased by 
hot or cold working rather than by heat treatment, resists corrosion 
much better than the first one, but is more difficult to form and 
machine. Further, it is from 7 to 15 per cent lighter than other 
corrosion-resisting metals and alloys. Both alloys have high 
tensile strength at elevated temperatures; the latter being the better 
in this respect, however, having an ultimate tensile strength of 
25,500 Ib. at 1650 deg. fahr. 


LLOYS, both corrosion-resisting and heat-resisting, have 

been the subject of a considerable number of papers 

and the theme for a great deal of discussion. The at- 
tempt, therefore, to present here any new information pertain- 
ing to them may appear presumptuous. It has been the author's 
privilege, however, to be intimately connected with develop- 
ment work in connection with some of the newer and therefore 
less well-known ferrous alloys, and it is to these particular alloys 
that he wishes to confine this paper. 

Two specific materials which the author has in mind are pro- 
duced by the company with which he is associated under the 
specific trade names of Ascoloy 33 and Allegheny Metal, and 
are familiar not only under those two names but under many 
others, since each producer has coined his own designation for 
the material of his particular manufacture. 

Most of us have followed, at least to an extent, the develop- 
ment and exploitation of the alloy which has come to be spoken 
of as “stainless steel.’’ Its field of usefulness for the manufac- 
ture of cutlery is a well-established one. There is, however, a 
newer and not so well-known member of the stainless-steel family, 
which, to differentiate it from stainless steel, has come to be 
called “stainless iron.”’ 


STAINLESS IRon—Wuatr Ir Is 


Stainless iron is a low-carbon stainless steel developed as the 
result of efforts to produce a stainless steel which would be more 
workable than the cutlery grade and which would have equal 
corrosion resistance. As the result. of these efforts, there was 
produced some five years ago an alloy of chromium and iron 
which when manufactured with low carbon content had just 
those qualities. As produced under the trade name Ascoloy 33 
it contains from 12 to 16 per cent chromium and less than 0.12 
carbon, and so-called ‘‘stainless iron” is of identical composition. 
It might be remarked here that the word “stainless” as applied 
to these chromium-iron alloys is a misnomer; they are not stain- 
less except as compared with some other material. 


' Manager, Alloy Steel Department, Allegheny Steel Company. 
Presented at a meeting of the Philadelphia Section of the A.S.M.E. 
Philadelphia, Pa., January 24, 1928. 
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Ascoloy 33, in common with all other stainless irons, will 
show, under certain conditions, evidence of surface corrosion, 
The fact that the corrosion occurring under these conditions 
is a surface one and not a progressive corrosion, is the reason the 
alloy has such a wide field of utility as a corrosion resistant. 
Being of the low-carbon grade of chromium-iron alloys, it re- 
sists this corrosion in the annealed condition as well as in the 
heat-treated condition, and in the unpolished state as well as when 
polished. It is absolutely essential, however, that. the surface 
be free from scale, otherwise corrosion will occur at the boun- 
daries of the scale pits. Stainless steel must be both hardened 
and polished to become stainless, so that it can be said that the 
difference between stainless steel and stainless iron is a difference 
based entirely on carbon content. The low carbon obviates 
the necessity for hardening and polishing. Why this is so is 
readily explainable, but need not be gone into here. 

Ascoloy 33 is ductile and malleable. It is readily machinable 
and can be formed and drawn. It may be welded, soldered, 
and brazed. It is procurable in all commercial forms except 
structural shapes. 


STAINLESS TRON AS AN ENGINEERING MATERIAL 


The fact that this particular composition of chromium and 
iron has received the designation ‘“‘stainless iron’’ has caused 
many to overlook the fact that it is something more than a corro- 
sion-resisting metal. In reality it possesses remarkable physical 
properties which make it also an excellent engineering material. 
In its annealed state its typical physical properties are as follows: 


Ultimate tensile strength, lb. per sq. in.. 72,000—85,000 
Elastic limit, lb. per sq. in. 40,000—50,000 
Elongation in 2 in., per cent a 32-37 
Reduction of area, per cent ‘ ‘ 70-78 
Brinell number ‘ 140-170 


Despite the low carbon content it may be heat-treated to show 
maximum physical properties as follows: 


Ultimate tensile strength, Ib. per sq. in. 178,000 
Elastic limit, lb. per sq. in. . 161,000 
Elongation in 2 in., per cent 15 
Reduction of area, per cent..... ee ry 51 


In this fully hardened condition the metal is not machinable. 
Our best recommendation for physical properties that will best 
meet. engineering requirements is the following: 


110,000- 120,000 
90,000- L00,000 


Ultimate tensile strength, Ib. per sq. in 
Elastic limit, lb. per sq. in. 


Elongation in 2 in., per cent............ 23 
Reduction of area, per cent............. 69 


Attention is called to the exceedingly high elongation and re- 
duction combined with such relatively high ultimate tensile 
strength. 

For any definite heat treatment the physical properties can 
be predicted probably with greater accuracy than is the case 
with any other alloy. An additional characteristic of this mate- 
rial that makes it particularly suited for certain engineering 
applications is its high tensile strength at elevated temperatures. 


q 
4 
5 
4 
3 
| 
ay 


For example, at 1000 deg. fahr. the ultimate tensile strength 
is 30,000 lb. per sq. in., at 1400 deg. this figure is 11,500 Ib.; at 
1800 deg., 7700 lb., and at 2000 deg., 4000 Ib. Accompany- 
ing these high physical values at elevated temperatures is a 
marked resistance to scaling at temperatures not in excess of 
1500 deg. fahr. 

Ascoloy 33 is an air-hardening alloy and if worked at tem- 
peratures above its upper critical point, 1500 deg. fahr., it must 
be annealed before subsequent machining operations can be 
performed. It will be seen, therefore, that if the material is 
hot-worked by either rolling, forging, or pressing operations, 
an anneal or draw is essential for subsequent machining. This 
annealing may be accomplished by heating slightly above the 
upper critical point and cooling very slowly—not in excess of 
50 deg. per hour. A full anneal, however, is not essential or 
desirable for best machining qualities, and the treatment recom- 
mended is a semi-anneal, or to be more accurate, a draw, at a tem- 
perature of from 1400 to 1450 deg. fahr., followed by an air 
quench, after which machining can be done readily. 


Uses to Wuicu [ron Is SpectaLty ADAPTED 


The combination of corrosion resistance, workability, and 
high physical values gives the metal a general utility in industry 
perhaps not comprehended by those not perfectly familiar with 
its many applications. Therefore some of the most likely uses 
are listed here: 


Turbine blading 

Pump rods 

Pump impellers and casings 

Pipe and tubing, for surface or subsoil service 

Valve trim for valves handling corrosive liquids, oil, etc. 
Tie rods 

Bolts and nuts 

Tank plates 

Rivets 

Condenser tubes 

Superheater tubes 

Valve parts on ammonia pumps, caustic pumps, ete. 
Nitric acid manufacturing and storage equipment. 


As a matter of fact, Ascoloy 33 is indicated for all applica- 
tions where excessive corrosion is objectionable but where sur- 
face beauty is not essential. 


SupPER STAINLESS IRON 


Several years ago there was developed in Germany, and at 
about the same time in England, a modified stainless iron, or 
rather, a super stainless iron. It was called by the Krupps in 
Germany, who first made it, V-2A Steel, and by the English 
makers, Stabrite. The latter designation is perhaps as descrip- 
tive a word for the alloy as could be coined. In this country, 
the first commercial producer of the alloy under the Strauss 
patents was the company with which the author is connected. 
By them it has been developed to a degree far beyond anything 
that has been done with it abroad. 

Allegheny Metal, as this product is designated, is an alloy of 
chromium, nickel, and iron, containing from 17 to 20 per cent 
chromium and from 7 to 10 per cent nickel. Carbon, manganese, 
silicon, etc., are of course present, but only as technical im- 
purities. 

For many years, nickel-chromium alloys of the type of Ni- 
chrome have been in common use. Their range of usefulness has 
been well established. In the developmental work connected 
with the making of V-2A and Stabrite, however, a new series of 
alloys was studied in the chromium-nickel series. Generally 
speaking, the nickel-chromium alloys or those in which the nickel 
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predominates are heat-resisting, while the chromium-nickel are 
primarily corrosion-resisting, this being especially true of the 
composition under consideration. It might be added that 
there are also heat-resisting alloys in the chromium-nickel series, 
obtained by increasing the chromium content to 22 per cent or 
more while keeping the nickel content at from 8 to 10 per cent. 

The alloy in question is a super corrosion-resisting materi:| 
and is believed to be the most highly developed metal for con- 
trolling corrosion that is available commercially. It is spe- 
cifically recommended for applications where surface beaut y 
and permanence of surface are essential. Containing no copper, 
it cannot corrode with the formation of the well-known verdigris. 
Its use is recommended where a metal of the strength of steel is 
required but where stainless iron cannot be used on account of 
its susceptibility to surface corrosion. 

Allegheny Metal is an austenitic steel and therefore not sus- 
ceptible to heat treatment. In its annealed condition it is non- 
magnetic to an extent never before obtainable with a ferrous 
alloy. It is ductile and malleable and therefore capable of being 
formed, stamped, and drawn. During cold-working operations 
the metal hardens, and in the work-hardened condition it is mag- 
netic. Annealing, however, at a sufficiently high temperature 
causes the reversion of the metal to its non-magnetic state. It 
is readily weldable, using welding sticks of the same compositic1 
as the metal to be welded, and the welds when made proper! 
are ductile and malleable. It does not machine as readily as 
carbon steel or as Ascoloy 33, but compares in that respect with 
the well-known 30 per cent nickel steels. 


PuysicaL Properties IMPARTED BY WORKING RATHER THAN 
BY Heat TREATMENT 


The fact that Allegheny Metal cannot be heat-treated to im- 
part definite physical properties does not preclude obtaining 
any physical properties within the possible range. They must 
be imparted, however, through cold or hot working rather than 
through heat treatment. To illustrate this point, a typical 
example is given. In the annealed condition the alloy has an 
ultimate tensile strength of 90,000 lb. per sq. in. with a yield 
point of 45,000 lb. per sq. in., a true elastic limit of 30,000 |b 
per sq. in., an elongation in 2 in. of 61 per cent, and a reduction 
of area of 75 per cent. When working specifically to produce the 
material for engineering applications the ultimate tensile strength 
should be 120,000 lb. with a yield point of 86,000 lb., a propor- 
tional limit or true elastic limit of 68,000 lb., together with an 
elongation in 2 in. of 36 per cent and a reduction of area of 52 
per cent. It should be borne in mind, however, that the alloy 
is no more resistant to corrosion in its work-hardened condition 
than when annealed. As a matter of fact, it is very doubtful 
if the corrosion resistance of the annealed material is not superior 
to that of the work-hardened material. 

In the drawing of Allegheny Metal, considerably more press 
power is necessary than in the drawing of similar shapes from 
steel, due entirely to the work hardening of the material. There- 
fore, more frequent annealings will be necessary. For example, & 
sample 0.078 in. thick showed a tensile strength in the annealed 
condition of 88,000 Ib. per sq. in., with a yield point of 42,100 
Ib. and an elongation in 2 in. of 68 per cent. When this same 
sample was cold-rolled to 0.049 in. thick the tensile strength 
had been increased to 158,000 lb. with a yield point of 153,000 
Ib. and an elongation in 2 in. of 18 per cent. These figures make 
obvious the reason for frequent annealings in the cold working 
of the material. 

Regarding annealing, it might be mentioned that the material 
begins to soften at temperatures from 1500 deg. fahr. ‘lhe 
higher the annealing temperature is above 1500 deg., the so/ter 
the material becomes, provided the maximum annealing tcem- 
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perature does not exceed 2200 deg. It has been found that ma- 
terial which has been work-hardened to the extent that it has 
become strongly magnetic can only be brought back to the non- 
magnetic condition by an annealing temperature in excess of 
1800 deg. With this particular material the softness is a direct 
function of the annealing temperature. 


Properties at Hign TEMPERATURES 


In common with other corrosion-resisting metals, the alloy 
has rather remarkable physical properties at elevated tempera- 
tures, as is evidenced by the fact that at 1650 deg. fahr. an ulti- 
mate tensile strength of 25,500 lb. is obtainable, while at 1832 
deg. it is 16,900 lb. and at 2012 deg. decreases to 11,300 lb. It 
will be seen, therefore, that Allegheny Metal has considerably 
more tensile strength at elevated temperatures than has Ascoloy 


33. It is not recommended, however, for use at temperatures 
in excess of 1700 deg. 

The material has an advantage over other corrosion-resisting 
materials in the matter of weight. In sheet form, for example, 
it is from 12 to 15 per cent lighter than monel metal, 7 per cent 
lighter than Tobin bronze, 11 per cent lighter than nickel-silver, 
15 per cent lighter than copper, and 12 per cent lighter than 
nickel. From the standpoint of surface area, therefore, there 
is a considerable saving in weight to be effected through the use 
of this material. 

The fact that it is a material of stable surface under normal 
corrosive influences, makes possible the use of the metal for appli- 
cations involving contact with food products. It is an approved 
material for use in the dairy industry and imparts no taste or 
flavor to dairy products, nor is it attacked by these dairy products. 
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The Use of Pulverized Coal in Basic Open- 
Hearth Furnaces 


The experience of The Eastern Steel Company with pulverized 
coal as fuel for basic open-hearth furnaces was anything but volun- 
tary. The company had been very happily using oil which was 
low in price and high in quality, when the cost of this fuel be- 
gan to rise and continued until it was necessary to cease using it. 
Since then, for thirteen years the company has continuously wrestled 
with the problems arising in the development of a little-known fuel. 
At limes it has been more than willing to abandon the entire plan. 
Very little working knowledge was gained before the war period, and 
during the war costs were of less consequence than ordinarily. 
After that period passed, however willing the company was to alter 
the design of its furnaces and change the fuel, the necessary capital 
was never available. After many tribulations and at times suc- 
cessive disappointments, some understanding of the subject has 
been reached, and it is believed that pulverized coal is the best fuel for 
conditions as they exist. It is not recommended on that account, 
however, that others adopt pulverized coal until a thorough examin- 
ation of each situation has been made. 


HE use of pulverized coal in the basic open-hearth furnaces 

of The Eastern Steel Company came about as the result 

of a continued advance in the price of fuel oil. This paper 
is an account of the experience of the company in dealing with a 
fuel of which there was no history to serve as a guide. The 
company has not maintained a research department and it is 
not intended to consider the subject from a scientific viewpoint. 
The work has at all times been empirical, and no exhaustive analy- 
sis of the results has so far been undertaken. 

When The Eastern Steel Company began to make steel, the 
open-hearth department consisted of four 50-ton basic furnaces. 
Fuel for these was supplied by gas producers of the hand-poked 
type. 

From 1905 until 1910 only producer gas was used, but during 
1910 it was possible to make a contract for suitable fuel oil at 
two and one-half cents per gallon, delivered. This contract 
extended over two years. From its expiration until late in 1914 
the cost of oil steadily advanced until it became prohibitive. 
During the period last mentioned, two 80-ton furnaces were 
designed and built. The designers considered only fuel oil and 
gave no thought to the possibility of returning to producer gas. 
When, because of increasing cost, it became necessary to aban- 
don oil, it was apparent that additional producer equipment 
would be necessary in order to operate the two 80-ton furnaces, 
and also considerable change in the design of the furnaces would 
have been regarded as desirable. In this situation the attention 
of those operating the open hearth was directed to pulverized coal. 
This seemed, at the time, to offer considerable inducement, as 
the only change in the furnaces which seemed to be necessary was 
to replace the checker-chamber bricks with a series of arches, 
and provide burner equipment. These changes and additions 
were made, and since that time pulverized coal, with oil for 
an emergency alternative, has been used. A layout of the plant 
isshown in Fig. 1. 


‘ Receiver, The Eastern Steel Co. 

Contributed by the Iron and Steel Division and presented at 
the Spring Meeting, Pittsburgh, Pa., May 14 to 17, 1928, of Tue 
American Sociery OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York, N. Y. 


By E. L. HERNDON,' POTTSVILLE, PA. 


The open-hearth-furnace plant consists of four 50-ton furnaces 
and two 80-ton furnaces. All have basic bottoms, all are sta- 
tionary, and all are of the ordinary design which was approved 
at the time they were built, and very few changes have been 
necessary. 

When the pulverized coal was first used in the furnace, it was 
found that the checkers were filling up with ash. It was realized 
that this could not be prevented, and therefore arches were 
substituted for the checkers because of the greater space. The 
arches are placed about 18 in. apart in rows, one above the other, 
with about three feet between the rows. 

The furnaces are reversed by two dampers, one placed in each 
flue between the checker chamber and the stack. This gives 
the products of combustion a direct path to the stack. 

The slag pockets are equipped with removable structural-steel 
boxes which fill up in about fifteen days. The time ordinarily 
required to pull two boxes and get the fuel on the furnace again is 
about five hours. 

The boxes used for the 50-ton furnaces are 15 ft. by 10 ft. by 2 
ft. 5 in. deep; for the 80-ton furnaces, the dimensions are 18 ft. 
by 10 ft. by 2 ft. 5 in. All four sides of these boxes are 
tapered, and the boxes are lined with a 9-in. lining of old bricks 
laid up in common clay. 

Each furnace is supplied with two storage bins for pulverized 
coal which have capacity sufficient to operate a 50-ton furnace 
for eighteen hours and an 80-ton furnace for fifteen hours. 

The coal is supplied to the furnace from the bins by com- 
pressed-air siphons. On the 50-ton furnaces the air jet is */s in. 
in diameter and un the 80-ton furnaces, °/j¢ in. in diameter. 
The air pressure used 1s 80 lb. per sq. in. 

Each furnace is supplied with the necessary equipment for 
using fuel oil in case of emergency. The oil supply is stored 
in the usual way, in a tank of considerable capacity, and is at all 
times on tap. 

The plant for pulverizing the coal is situated near the end of 
the open-hearth building. See Fig. 1. 

Preparation of the coal consists of crushing, drying, and 
grinding. At various times lump and run-of-mine have been 
used, and just now slack is being used. 

The equipment consists of three Raymond five-roller mills 
and one Raymond four-roller mill. Each mill is connected to a 
motor. There are in addition two Cummer driers and one 
Jeffrey single-roll coal crusher. 

When the coal is received, the railroad car is placed over 
a pit and the load dumped into the pit. From this it is hoisted 
to the top of the building, a height of about one hundred feet, 
by an Otis automatic dump-bucket elevator. There are two 
buckets, which are operated in the manner of the usual blast- 
furnace skip. 

When it reaches the top of the skip, the coal is dumped into a 
storage bin which has a capacity of about two carloads; thence 
it passes to the crusher, located directly below the bin. When it 
has been crushed, it is dropped into another bin for storage 
before sending it to the driers. 

The compartments for storing dried coal are quite small be- 
cause it is thought unsafe to keep any considerable quantity 
of dried coal in storage. Each storage compartment is situated 
directly over one of the pulverizing mills, and the height of the 
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drier above these compartments is just sufficient for a steel 
tube to lead to each individual compartment so arranged that 
there is no possibility of holding any considerable amount of 
dried coal over the mill. The coal is ground to pass 80 per cent 
through a 200-mesh screen. 

After the coal has been pulverized, it is conveyed to the fur- 
naces by a Quigley compressed-air system. This is composed 
of two steel tanks, each tank permanently fixed upon a scale by 
which the coal is weighed. The dial on the scale shows the 
amount of coal in the tank when it is being filled, and also shows 
the amount when the coal is being discharged, so that the readings 
show the weight of the amount taken to the furnaces. Com- 
pressed air is used for transporting the pulverized coal through a 
4-in. pipe which connects the tanks just mentioned with the 
coal boxes over the furnaces. The distance from these tanks 
to the box at the farthest furnace is 450 ft. Each furnace supply 
box is furnished with a valve so that any box may be refilled 
as needed. 

At a 12-in. mill located at about the same distance from the 


LONGITUDINAL SECTION SHOWING COAL BINS WITH 
RELATION TO 50-TON FURNACES 


Layout oF PuLveRIzED-CoaL PLANT AND FuRNACES OF EAsTeRN STEEL Co. 


tanks as the farthest open-hearth furnace, pulverized coal is 
used in a continuous furnace. The same method of transport 
is used for this supply. 

The average analysis desired for coal suitable for pulverizing 
for open-hearth purposes is about 


36 per cent 

52 per cent 
1.25 per cent 
6 to 8 per cent 
1.25 per cent 


The operation of the open-hearth furnaces does not now pre- 
sent more difficulty than with producer gas, though it is not as sim- 
ple as with oil. All-cold charge is used, and the time for charging 
is about four hours. The scrap here is, in general, quite light 
and the percentage of pig is kept as low as possible because of cost; 
one heat in twelve hours is considered as 100 per cent, and it is 
usually possible to keep fairly near this through the campaign. 
The life of furnaces is about 200 heats for one roof. Usually 4 
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second roof can be put on without disturbing any other part of 
the furnace, and then an additional 100 to 150 heats can be 
obtained with this second roof. 

The coal required runs as low as 500 lb. and as high as 600 lb. 
per ton of ingots. The wide variation is partly due to character 
of coal, partly to the charge, to the analysis required in the prod- 
uct, and a little to the age of the furnace, although the time 
from tap to tap varies less than was formerly thought possible. 
The temperature maintained in the furnaces is essentially the 
same as that with producer gas. 

There have been infrequent explosions, one in which one life 
was lost and considerable damage to property resulted. The 
others were not of consequence. The cause of the serious ex- 
plosion is not known, although reasonable theories and some 
conjectures are held, but no proof. The experience during 
thirteen years does not seem to indicate extra-hazardous occupa- 
tion. 

Experience with pulverized coal has convinced the company 
that very little has been learned, certainly no more than has 
been included in this paper. Comment and criticism from those 
who are interested are invited. If engineers interested in the 
subject care to visit the plant, they will be welcomed. 


Discussion 


C. D. Norruam.? After reading the very interesting paper 
by Mr. Herndon, detailing the experience of his company with 
powdered coal in firing open-hearth furnaces, the writer was 
curious to know just what this 500 to 600 lb. of coal per ton of 
Ingots represented. 

Taking the average analysis of coal used, it is evident that 
the constituents do not total 100 per cent, and it is assumed that 
the moisture given is ‘‘after drying,’ while the remainder of the 
analvsis is ‘‘as received.’’ Rearranged, we would have the follow- 
ing analysis, after correcting moisture: 


Proximate 


analysis Combustible 

Volatile, per cent. 36.00 40.30 
Fixed carbon (and sulphur), 

per cent 53.25 59.70 
Ash, per cent 7.0 
Moisture by difference, per 

cent 3.75 

Total, per cent 100.00 100.00 


If we calculate the ultimate analysis from the above proximate 
analysis, the following results are obtained: 


Hydrogen, per cent 4.78 
Nitrogen, per cent 1 44 
Carbon, per cent 73.15 
Sulphur, per cent 1.25 
Ash, per cent 7.00 
Moisture, per cent 3.75 
Oxygen, per cent 8.63 

Total, per cent 100.00 


From this analysis, by Dulong’s formula, the calorific value 
of the coal used is found to be: 


0 
h = 14,544 C + 62,028 | H — = }+ 40508 


0.0863 


= 14544 « 73.15 + 62,0281 0.0478 — — + 4050 * 0.0125 


= 12,985 B.t.u. per lb. of coal as received. 
Correcting for the maximum allowable moisture in coal as 
fired, the calculated heat value of coal used is: 


* Mechanical Engineer, Chicago, Ill. Jun. A.S.M.E 
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12985 


0.975 


= 13,318 B.t.u. per lb. of coal as fired. 


Using this result, it is evident that the heat rate per ton of 
ingots, using powdered coal as fuel, in a basic open-hearth fur- 
nace varies from 


500 X 13,318 = 6,659,000 B.t.u. per ton 
to 600 X 13,318 = 7,990,800 B.t.u. per ton 


or an average of 7,324,900 B.t.u. per ton of ingots. As this is 
several million B.t.u. higher than good average practice using 
oil as fuel, the question arises, ‘Where do these extra heat units 
go?” The writer believes an analysis of existing stack and 
regenerated air temperatures would show this; at least, it would 
be interesting to know what temperatures are obtained using 
these arch-work generators. 


E. W. WaGeEnse!L.* Regarding the application of powdered 
coal to open hearths, the writer would ask if the author has any 
data available as to air temperatures at the top of the checkers— 
of the air that was preheated; and also what percentage of the 
total air was preheated and what percentage entered as old air 
around the burner. Also, if temperatures were taken of the 
heated air, were they taken with an aspiration pyrometer or 
with just an ordinary thermocouple? Finally, what percentage 
of oxygen was found in the flue gas? 

It would seem apparent that with arches substituted for the 
checker bricks, the air temperature could not have been very 
high. In that case a modern air preheater heating the air to, 
say, 1000 deg. fahr. before the air entered the checker chambers 
might result in a marked reduction in fuel required per ton of 
steel made. 


I. A. Nicnoxas.* The Clairton plant of the Carnegie Steel 
Company has had about three years’ experience in the use 
of powdered coal in open-hearth furnaces. The reason for using 
it was a shortage of natural gas; therefore it was a temporary 
proposition, and as soon as the coke-oven plant was installed, 
the furnaces were changed over to coke-oven gas instead of re- 
turning to natural gas. 

It has been ten years since the powdered coal was used, and 
the writer's memory is not very distinct on all phases of the 
experience with it. However, it is recalled that the fuel con- 
sumption was 500 to 600 lb. per ton of steel and the life of the 
roofs was about 200 heats. 


G. E. Hetne.! A very important question in connection 
with the application of powdered coal to take the place of fuel 
oil for reheating furnaces of the regenerative type is that of ash 
disposal. A unit pulverizer operated very successfully in a certain 
plant for the first few days. Then, although the checker chamber 
were cleared of all checker brick, they still continued to fill up 
with ash. It was found that this ash, under the action of the 
hammer or the press, became imbedded in the surface of the 
steel. 

A few rough operating calculations produced results that may 
prove interesting. They showed that for one dollar with powdered 
coal, unit pulverizer system, including the cost of the current, 
1407 Ib. of steel was heated, whereas with fuel oil it was only 
558 lb. It would seem that there should be an opportunity to 
make a saving from the fuel standpoint but for the ash 

It would be of great interest to the writer to have a word from 


* Sales Engineer, Blaw-Knox Co., Pittsburgh, Pa. Mem. A.S.M.E. 
* Fuel Engineer, Carnegie Steel Co., Clairton, Pa. 
* Power Engineer, Erie Forge & Steel Co., Erie, Pa. Mem. A.8. 
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some one who has met this problem of the handling of the ash 
and the effect of the ash on the steel. 


W. P. Cuanpier.* Attempts have been made in firing 
open-hearth furnaces with pulverized coal to grind the coal particu- 
larly fine, the idea being that the resultant ash would be fine 
enough to be carried out of the furnace and through the flues by 
the velocity of the exit gases. In order not to interfere with this 
action, the checkers were removed. However, a continual build- 
ing up has taken place in the chambers, and the loss of preheat in 
the air caused by the removal of the checkers has been reflected 
in the fuel consumption of the furnace. 

The figures of 500 to 600 lb. per ton of ingots as given by Mr. 
Nicholas are common. 


This matter is in a research stage. It may 
We want a contribu- 


H. W. Brooks.’ 
serve a useful purpose; we do not know. 


6 Manager, American Heat Economy Bureau, Inc., Pittsburgh, Pa. 
7 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 


tion of experience so that the things which were foolishly don: 
ten years ago will not be repeated, and it is the writer’s belief 
that the experience which has been developed at Pottsville 
and the experience developed by the Atlantic Steel, plus the 
experience of Homestead and Clairton, if properly correlated, 
would form a nucleus for some useful developmental work along 
this line. 

None of us think we have the answer—we haven’t. We 
do not know whether what we have is worth while or will prove to 
be the proper thing or not, but attention is called to the figures 
given by Mr. Heine, showing operating economies in the relation 
558 to 1407. Are we going to say it cannot be done because it 
never has been done, or will we take a research attitude of min 
and see what we can do? Shall we go as far as we can and see how 
far we can go? 

That is all we are trying to do in this whole situation, and 
it is only with the helpful cooperation of all interested in the 
problem that the ultimate result to be desired will be brought 
about. 
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After recounting the early uses of nickel steel for armor plate, 
guns, and projectiles, the author deals at some length with the de- 
velopment of its use in locomotive construction for heavy forgings 
and later for the shell plates of high-pressure locomotive boilers. 
He then touches briefly on three recently developed iron-nickel alloys — 
Inear, Permalloy, and Nickeloy—the latter two being employed 
extensively in electrical work, and with the substitution of nickel- 
chrome-steel castings for those of manganese steel in trackwork. 
He concludes with a statement of the advantageous properties con- 
ferred on cast iron by the addition of nickel. 


T IS THE scope of this paper to cover very briefly uses for 
] nickel steels (and other nickel-iron alloys) which for their 

size, manner of treatment, or properties are new or unusual. 
There is already complete and adequate information on the 
manufacture, heat treatment, and use of these steels as ordi- 
narily employed, but it might be of value to sketch the history 
of nickel steel and define its position today. 

The origin of nickel steel lies back beyond history, because all 
meteors are essentially nickel steel, but the first recorded use 
was in the Middle Ages when some of the famous}]Damascus 
swords are known to have contained nickel. In 1821, after a 
gap of centuries, Faraday, searching for a better material for 
mirrors, investigated the properties of ‘‘meteoric irons.”’ In 
1885 the commercial manufacture of nickel steel was begun in 
France, and in 1889 Riley read his paper on this subject. before 
the Lron and Steel Institute. 


Uses or NICKEL STEEL 


This began the real growth. Creusot in France made some 
3'/, per cent nickel-steel armor plate, which demonstrated its 
superiority so conclusively that in 1890 the United States Navy 
adopted it for armor after a conclusive and competitive test. 
Authorities state that the adoption of nickel steel for armor 
plate was as revolutionary as the construction some twenty years 
later of the “Dreadnought.” 

By 1896 nickel steel was being quite widely used—in naval 
vessels, for guns, armor plate, and projectiles, in heavy machinery, 
toa limited extent on the railroads, and quite largely for bicycles. 
The development of the automobile helped the growth, and 
from 1900 on till after the war the production curve mounted 
steadily. 

It may be truthfully said that nickel steel is not only the oldest 
alloy steel but the most used. An idea of its widespread em- 
ployment today can be gained from the fact that every auto- 
mobile uses some nickel steel—the amount running from 1500 lb. 
per car down to a few pounds. This preponderance toward 
uicke| steels is in great part due to two characteristics that are 
almost unique among alloying materials: nickel alloys with 
iron in all proportions, and there is no loss of the alloy during 
melting. The latter fact renders its manufacture more exact 
a8 well as more economical initially, because less alloying material 
8 used and eventually because the nickel in scrap can be fully 
recovered on remelting. Nickel, once purchased, is never lost. 

‘Development and Research Department, The International 
Nickel Company. 

Presented at a meeting of the Philadelphia Section of the A.S.M.E., 
January 24, 1928, 


NICKEL STEEL Locomotive CONSTRUCTION 


One of the first uses for which nickel steel was employed was 
in locomotive construction, and yet until recently the develop- 
ment has lagged. It is generally admitted that there is no 
greater field for alloy steel at the present time than the railroads, 
which use very little in proportion to the total tonnage of steel 
employed. The reason for this is, of course, that in the first 
place the railroad shops have not, for good reasons, kept 
pace with the automotive industry in being equipped and 
educated to handle and heat-treat alloy steels, and, second, be- 
cause about fifteen or twenty years ago, following the success 
of the alloy steels in the automobile, the railroads were induced 
to adopt similar steels for their purposes. It is manifestly ridicu- 
lous to compare the rear-axle shaft of an automobile to the mas- 
sive driving axle or main rod of a locomotive, but the mistake was 
made of recommending the same steels treated in a similar way. 
So many failures ensued that for years the railroads were un- 
willing to consider the use of anything which might be con- 
sidered an alloy steel, but beginning about 1915 and increasing 
each year they began to use frames and forgings which were alloy 
steels in the sense that they carried a percentage of alloying 
elements, but were not alloy steels in the sense that they were 
not intended to be heat-treated other than by normalizing or 
annealing. 

In the development of locomotive parts the tendency has been 
to higher and higher tensile strengths. Taking locomotive driv- 
ing axles for example, wrought iron was originally used with an 
ultimate tensile strength of about 45,000 lb. per sq. in. This was 
later replaced by carbon steel with an ultimate tensile strength 
of 75,000 lb. per sq. in., and carbon steel in turn has quite gen- 
erally given away to alloy steel with a tensile strength of 90,000 
lb. per sq. in. or higher. It has perhaps been natural to reason 
that if failures occur with one material a stronger material will 
obviate the difficulty, and it has been this reasoning which has 
induced the railroads to use steels of higher and higher strengths. 

The logic of this reasoning can be questioned, and it seems that 
too much attention has been paid to strength and not enough 
to other characteristics, such as the reduction of area, elongation, 
impact, and fatigue values. The practical limit of strength, 
however, has now been reached for normalized forgings, and as 
it seems to make no difference what alloy is used, it is not pos- 
sible greatly to increase the strength over that now being reached. 
As the strength of the steels employed has been progressively 
raised, so has the carbon content. Wrought iron, of course, 
contains comparatively little carbon; the steels in use today run 
in the neighborhood of 0.45-0.50 per cent carbon. 

In the present dilemma recourse has been had to the other 
extreme, and comparatively low-carbon (0.15-0.30) nickel steel 
has recently been used and is being favorably considered as a 
material for the stressed forgings on locomotives. Such a 
material will show an elastic limit of 55,000-60,000 Ib., an ulti- 
mate tensile strength of 70,000-90,000 lb., with unusually good 
elongation and reduction of area—about 26-35 per cent and 
50-70 per cent, respectively. These data compare with those 
specified for the usual alloy-steel forgings of 60,000 Ib. elastic 
limit, 90,000 Ib. ultimate tensile strength, 20-25 per cent elonga- 
tion, and 40-50 per cent reduction of area, so that with a slight 
reduction in strength the toughness factors have been increased 
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about 25-30 per cent. It is interesting to note that the impact 
value for very low-carbon 3.5 per cent nickel steel is approxi- 
mately 50-lb. Izod against the average of about 18-20 for normal- 
ized alloy-steel forgings of high carbon (0.40-0.50) content, and 
the fatigue limit is about 50,000 lb. per sq. in., which is relatively 
much higher than for steels now used. 


NICKEL STEELS IMPORTANT IN RAILROAD USE FOR FoRGING WorRK 


These nickel steels may be of several analyses, the choice 
depending on economical considerations and what properties 
are desired. The three which are most important in railroad use 
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Fic. 1 CoMPARATIVE PROPERTIES OF Low-CARBON AND 3 PER CENT 
NICKEL STEELS AT DIFFERENT TEMPERATURES AND STEAM 
PRESSURES 


for forging work are a low-carbon 3'/2 per cent nickel steel, a 
low-carbon 2 per cent nickel steel with somewhat higher man- 
ganese, and a 2 per cent nickel molybdenum steel, having the 
following analyses: 


3.5 per cent 2 per cent Nickel- 

Nickel Nickel Molybdenum 
0.13-0.30 0.13-0.30 0.13-0.30 
Nickel.......... 3.26-3.75 1.75-2.25 1.25-1.75 
Manganese...... 0.60—0.90 0.90-1.25 0.60-0.90 
Silicon....... 0.15-0.25 0.15-0.25 0.15—-0. 25 
Phosphorus...... Max. 0.05 Max. 0.05 Max. 0.05 
See Max. 0.05 Max. 0.05 Max. 0.05 


All of these steels are commercial and each has its reason for 
use. The 3.5 per cent nickel steel shows rather remarkable prop- 
erties, especially as regards toughness and impact resistance 
when used in the lower carbons; the nickel-molybdenum owes 
its slightly higher tensile results for a given carbon to the addition 


of molybdenum, although this makes the steel a little more 
difficult. properly to heat-treat; the 2.0 per cent nickel steel has 
the advantage of being cheaper, yet with very good properties, 
and is the most used of the three today. 

Low-carbon nickel steel is peculiarly suited for axles and pins. 
It appears that no matter how careful the operation of a railroad 
or how much warning is given to the engineman, journals and 
pins will occasionally run hot, and it is not uncommon for them 
to be cooled with water from the tender—in fact it may be noticed 
that quite a large number of locomotives are equipped with pipes 
running to the journals. Such a practice involves real punish- 
ment for any steel, and it is not difficult to understand the large 
number of axle failures which result from it, especially when it is 
realized that quite frequently the axles are allowed to get red 
enough to be seen in daylight (about 1200 deg. fahr.) before 
they are quenched by putting cold water on them. It is not 
reasonable to ask any steel to stand up under this treatment, 
but the low-carbon nickel steel has shown better results than any 
other and does not crack or heat-check to anything like the 
extent that other steels do. 

While the steels mentioned have been treated with particular 
regard for their employment in locomotives, it should be observed 
that they are equally suitable in machinery of any sort where 
forgings of such size as to preclude heat treatment are necessary. 
Such uses are large shafts, connecting rods, turbine rotors, gears, 
ete. 

The development of forging steels for locomotives has been 
duplicated in regard to frames. They were originally wroughi' 
iron and were then replaced by steel castings and the stee! 
castings replaced by alloy-steel castings—always in search for 
higher strengths. Railroad operators state that any frame 
seems to be good for five to seven years, after which failures 
start. Occasionally when a frame fails it does so in as man) 
as 15 places at one time, all showing true fatigue conditions. 
In spite of this, the tensile requirements have been raised so that 
the foundries are now working to a specification of 50,000 Ib. elas- 
tic limit, 80,000 Ib. ultimate tensile strength, 20 per cent elonga- 
tion, and 40 per cent reduction of area, which characteristics are, 
by the way, higher than those of the regular specifications of the 
American Society for Testing Materials for carbon-steel forgings. 

When nickel steel was adopted for locomotive frames, the 
present specifications were easily met with steel containing 3 per 
cent nickel and 0.35 per cent carbon, but it was soon realized 
that all advantages seemed to lie in the other direction. Ob- 
taining permission from the railroad, the foundry was instructed 
to lower the carbon gradually, and it was eventually found 
feasible to produce with only 0.18 per cent carbon and 2 per cent 
nickel a frame casting showing (as an example of an actual 
frame) an elastic limit of 51,350 lb., an ultimate tensile strength 
of 83,850 Ib., an elongation of 30.5 per cent, and a reduction of 
area of 55.9 per cent. Coupled with these data are an impact 
value as high as is obtainable even from a forging of the type 
generally used today, and a fatigue limit very nearly as high. 
Compared with a good carbon-steel frame casting, the fatigue 
limit for a nickel-steel frame is 45,000 against 32,000 lb. per sq. in., 
an increase of 41 per cent, and the impact value is 18.3 against 
5 ft-lb., an increase of 366 per cent. It should be realized 
when these frames are considered that they are no small castings 
for a jobbing foundry, as the finished weight of a pair of frames 
for a locomotive is approximately 22,000 lb. and the total casting 
weight about 38,000 lb. 

The conclusion drawn from this work on large nickel-steel 
forgings and castings is that nickel steel heat-treated by normal- 
izing or annealing seems definitely to be better the lower the car- 
bon, all things considered. The strength stays well up, while 
the factors indicative of toughness and resistance to impact 
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and fatigue are much better. It is doubtful whether this can be 
said of steels using alloys which confer their benefits through the 
formation of carbides. 


NICKEL STEEL FoR HiGH-PrRessurE Locomotive BorLers 


One of the most interesting and perhaps one of the most im- 
portant of the newer developments is the use of nickel steel for 
steam boilers. For the past quarter of a century the improve- 
ments in locomotives have been along the lines of accessories 
which will make the operation more efficient. Such accessories 
are the superheater, the feedwater heater, the stoker, ete. Dur- 
ing this period of time the steam pressure of the boilers has 
remained fairly constant at 150 to 200 lb. per sq. in. Recently, 
however, attention has been focused on this feature of pressure 
because the locomotive has reached a fairly high stage of develop- 
ment as well as because of the relatively greater efficiency which 
is obtained with the higher steam pressures. Perhaps no trend 
in the railroad field has been so definite recently as that toward 
higher boiler pressure, and today we have in this country several 
locomotives such as the Horatio Allen on the D. & H. which oper- 
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although almost| unknown, are the characteristics of carbon- 
steel and nickel-steel plate under actual conditions of use in a 
boiler. It has long been known by boiler manufacturers that 
static tests on material give no real indication of the suitability 
of boiler plates for service, and even the impact test on the plate 
as received is not a good guide. The reason for this is that 
plates which are entirely satisfactory in the raw undergo alter- 
ations during the manufacturing processes, or perhaps later while 
in operation, which make them brittle. The actual embrittling 
phenomena have been termed “aging’’ and “‘recrystallization.”’ 
By the term “aging’’ is understood the change in the strength of 
the plate which takes place gradually after it has been stressed 
when cold beyond its elastic limit. This condition is shown by 
the reduction in the impact-test value as well as by the embrittle- 
ment of the material. The term “recrystallization”’ refers to 
the phenomenon which is produced through stressing the material 
while cold and then subjecting it to higher temperatures (such as 
in boiler service). 

Practically, in a boiler the effects of either aging or recrystal- 
lization or both may occur because the plates are stressed during 


ate at a boiler pressure of 350 lb. per sq. in., and there are 45 £ 
either planned or in the process of building some for pressures , 2 
as high as 450-500 Ib. Abroad the advance has been per- -40 ™ =o 40000 =< 
haps more rapid than in this country, and there are in use get | NY 28 
today locomotives with boiler pressures as high as 1100 Ib. per 35 
Sq. In. c 

The trend toward higher steam pressure is being hastened g 30 | 30,000 2 
on account of the limitations in weight and size. Our fore- = 5 
fathers, had they had the foresight to see the eventual develop- 25 ca 
ment of the railways in this country, would probably have > Ry > 
adopted in the beginning a wider gage for the tracks and ‘ 20 f Pat] § Bs 
would have built the fixtures along the right of way, such as * a —_ gs SS 
bridges and tunnels, larger to accommodate the trains of the 
future. As it is, the railroad locomotive has very nearly 10 | 5 &: og S$ et 
reached the limit of size. It is of course out of the ques- 
tion to talk of increasing the gage of the tracks or rebuilding 5 
all the tunnels and other limiting structures along the right a eS an : 


of way in order to make possible larger trains, and the 
bridges would have to be rebuilt and the right of way ma- 
terially changed to carry any heavier loads. 

Recently one of the important railroads on this continent, in 
designing new locomotives for both passenger and freight service, 
was faced by the conflicting demands for more power with no 
increase in weight. Their locomotives were already up to the 
limit of weight and size. The only solution, therefore, was in 
a higher boiler pressure with no increase in weight, which meant 
that the boiler would have to be constructed out of plate of the 
same thickness as before. After long deliberation they decided 
to take an unprecedented step in using a 3 per cent nickel steel 
in place of carbon steel for the boiler shell. It was not only an 
unprecedented step but a very venturesome one. True, nickel 
steel had been successfully used abroad for boilers, but never 
for railroad service or in a locomotive type of boiler. However, 
there were some features that made their course seem advisable. 
The ultimate tensile strength of the 3 per cent nickel-steel boiler 
plate is approximately 40 per cent higher than the ultimate 
tensile strength of the carbon-steel, while the elongation and 
reduction of area are practically the same. In other words, 
the nickel-steel plate was 40 per cent stronger with no diminution 
in toughness. This 40 per cent increase in strength made it 
feasible to increase the boiler pressure from the normally carried 
200 lb. up to the desired pressure of 250 lb. without overstepping 
the limit of conservatism. As a matter of fact, it would have 
been possible to go as high as 275 Ib. with the same or a greater 
factor of safety. 

Equally as important as the tensile characteristic of the steel, 


Fig. 2. Service Test or CarRBon-STEEL Borter 


(C, 0.11: Mn, 0.53; P, 0.26; S,0.31. Plate 0.8 in. thick by 22.5 ft. long, 


annealed before bending at 1685 deg. fahr.) 


forming and bending in the manufacture of the boiler, or they 
may occur after the boiler is in commission as a result of tem- 
perature stresses which are induced by differences int the tem- 
perature at various parts of the boiler. The injurious effects 
will become more noticeable as the boiler pressure and conse- 
quent thickness of the plates increase because of the great 
difficulties of forming, bending, and riveting heavier plate, as 
well as because of the fact that increased heating surface and 
higher rates of evaporation offer more favorable conditions 
for temperature differences and additional stresses in the boiler. 

It is here that nickel steel offers another distinct advantage 
over carbon steel. Fig. 4 shows the values of the impact test 
on carbon steel before and after aging and recrystallization, as 
well as those for nickel steel. It will be noted that where the 
carbon steel, after aging and recrystallization, shows only a small 
proportion of the original impact. value, the nickel steel is affected 
only to a slight degree. 

It must be remembered that the strength of a plate does not 
vary in direct proportion to the thickness. Therefore, to main- 
tain the same factor of safety with higher boiler pressure using 
carbon-steel plate, the plate would have to be considerably 
thicker than indicated by the ratio of boiler pressures. This 
would introduce more liability to embrittlement through aging 
and recrystallization, because the effect is greater as the thickness 
increases. By the use of nickel steel it has been possible to use 
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higher boiler pressures with the same thickness of plate (and 
consequently the same boiler weight), with an actual increase in 
the factor of safety due to the lessened liability of embrittlement. 
This essentially amounts to saying that by substituting nickel 
steel for carbon steel the factor of safety was increased although 
the pressure was raised, but had the thicker carbon-steel plate 
been used the factor of safety actually would have been reduced 
considerably. 

It was hard to predict before these locomotives were built 
just how effective they would be, although it was of course 
known that the theoretical drawbar pull would be increased by 
about 20 per cent. It was found when the locomotives were 
put in service that the actual drawbar pull was increased some- 
where in the neighborhood of 10 per cent, and, as was expected, 
the factor which limited this actual drawbar pull was the ad- 
hesion of the driving wheels to the rails. In other words, had 
the wheels had sufficient adhesion it would have been possible 
to develop the full 20 per cent. The accelerating power of the 
locomotives was increased to a marked degree, as was the maxi- 
mum speed. The superiority of the locomotives is succinctly ex- 
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actual contact with the fire on one side and with the water on 
the other, together with the fact that they are perforated every 
few inches to carry staybolts. If the boiler feedwater is corrosive 
to any degree, it will start cracks around the staybolt holes, and 
these often develop into long cracks reaching up and down the 
whole side of a firebox. The use of a 3 per cent nickel-stec! 
plate here shows markedly increased resistance to corrosion for 
the reason that the nickel in the steel confers a certain amount 
of immunity, as well as because the stresses around the staybolt 
holes do not affect the nickel-steel plate as severely as they do 
carbon steel. It is of course recognized that the corrosion 
cracks start where the steel has been stressed. It seems safe 
to say that a great deal of the trouble with these sheets will | 
obviated by its use, and the railroads which have adopted nickel 
steel for this purpose are apparently well satisfied. 

For boiler tubes the situation regarding corrosion is exactly 
the reverse of that for shell plate as corrosion resistance is here 
the primary consideration and the increased strength has little 
to do with it. Boiler tubes running from 0.10—0.20 carbon and 
containing about 2 per cent nickel have shown in actual service 

a life of from seven to fifteen times that. of carbon-steel tubes 

in districts where the water is bad. This of course has been 

sufficiently encouraging to warrant the standardization of 


3 ond CO 
36 nickel-steel boiler tubes in bad-water districts for the par- 
ticular railroad quoted, and in addition there are a large 
" | | number of railroads which either have nickel-steel boiler 
32 $e Nickel Steet tubes under test or are using them as a regular material on 
| some portions of their lines. Their use is not entirely new, as 
tubes with a higher percentage of nickel were used by several 
28 —— of the navies, among them our own, as long ago as 1900, and 
96 ones with a lower nickel percentage only a few years later 
£ The unexplained peculiarity of these tubes has been the fact 
324 : that boiler scale collects to a much less degree on them than 
Soe _ons- Martin Stee/ cigc) __| | on the ordinary tubes. It has been reported in at least one 
case where a boiler was tubed partly with carbon steel and 
= partly with nickel steel, that the nickel-steel tubes outlived 
at ae PS: Saal three sets of carbon-steel, and when removed were found to be 
‘in practically the same condition as when they came from the 
16 — mill: that is, with the mill seale perfectly apparent. 
14 | i Staybolts have customarily been made of wrought iron bhe- 
cause they are subjected to very severe conditions of repeated 
12 ~~ bending as well as of corrosion. For several years an English 
| | concern has been substituting steel staybolts for iron ones 
10 
0 100 200 300 400 500 600 with excellent results, and these results were attributed to the 
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pressed by the statement, “The new passenger locomotives will 
haul sixteen cars instead of fifteen cars ten miles an hour 
faster, and do it on the same coal used by the old locomotives.”’ 

The success of this new type of boiler is indicated by the fact 
that in this country two years ago there were not more than two 
or three nickel-steel boilers in existence or seriously contemplated, 
while today there are in service more than fifty nickel-steel 
locomotive boilers about equally divided between passenger 
and freight, and almost daily inquiries indicate increasing in- 
terest. This interest is not confined entirely to the locomotive 
field as the manufacturers of stationary boilers also appreciate 
the advantages of this material. 

While not in any sense a consideration for the adoption of 
nickel steel for these boilers, a feature not to be overlooked 
was that of the increased resistance to corrosion of the nickel- 
steel boiler plate. There has always been considerable trouble, 
especially in bad-water districts, with firebox sheets. These 
sheets are exposed to the hardest service in a boiler due to the 


fact that the steel carried nickel. Recently in this country the 

steel staybolts have been encroaching very rapidly on the 

wrought-iron bolts, and practically all these steel bolts carry 

nickel, usually around 2 per cent but running down in some 
cases as low as 0.50 per cent. 


NoveE.L EMPLOYMENT OF NICKEL-IRON ALLOYS 


Invar. Considerable time has been spent on locomotives 
because they happen to include three new developments. Other 
forms of power are being improved by a novel employmen! of 
nickel steel, or, if it is preferred, an iron-nickel alloy. Invar, which 
is quite well known, consists of approximately 35 per cent nickel, 
the remainder essentially iron, and has been used for standards 
of length, measuring tapes, clock pendulums, etc., because its 
thermal coefficient of expansion at ordinary temperatures |s 
practically zero (0.8 part per million per degree centigrade). 
Naturally, the quantity of Invar used for such purposes has 
been very limited, but this quantity has been increased many 
hundred per cent in the last two years through its use in auto 
mobile pistons and is almost worthy now of being designated as 4 
tonnage. Aluminum (and other light alloys) for pistons in in- 
ternal-combustion motors would have had a much more extended 
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use on account of the advantage obtained by lightening the 
reciprocating parts, were it not for the difference in thermal 
expansion between cast iron and aluminum. If the aluminum 
piston is made with the usual allowance for expansion, it will 
expand faster in use than the cast-iron cylinder and eventually 
bind and score the cylinder wall. On the other hand, if allow- 
ance is made in machining for this difference in expansion the 
piston will be too loose at low temperatures, where the automobile 
motor must necessarily operate frequently, and this will result 
ina piston slap. These difficulties are now remedied by casting 
into the aluminum piston two strips of Invar which hold the 
piston-pin bosses in place. The coefficient of expansion of the 
Invar being practically zero and that of aluminum about 15 
parts per million per degree, it is comparatively simple so to place 
the right mass of Invar in order to make the average expansion 
of the compound piston equal to that of cast iron (about 11 parts 
per million). In addition, the strips of Invar prevent the scoring 
of the cylinder due to the piston’s taking an elliptical shape 
from the straining action of the piston pin—a fairly common 
trouble. 

Permalloy. Other high-nickel-iron alloys have, like Invar, 
been of more academic than industrial interest but are now 
increasing in use. There was discovered in the Bell Tele- 
phone Laboratories about the time of the war an alloy named 
“Permalloy”’ consisting of 78 per cent nickel, remainder iron, 
which, subjected to proper heat treatment, showed a mag- 
netic permeability much higher than any known material. 
It was not used practically unti! after the war, but was 
then taken up by the Western Union as a material for increas- 
ing the working speed of its submarine cables. In 1922, after 
considerable experimentation during which the characteristics 
of the material were investigated at temperatures and pres- 
sures coinciding with those encountered in submarine teleg- 
raphy, 120 miles of cable were made with Permalloy sheath- 
ing and laid on the bottom of the ocean in a circle with both 
ends ashore at Bermuda. So satisfactory were the charac- 
teristics of this cable that the cable laid in 1924 to the 
Azores for connection to Italy and Spain was ordered to be 
sheathed with Permalloy, and this first transatlantic cable was 
in turn so successful that the latest cable to England laid in 
the past year was similarly constructed. 

The cost of a cable of such length reaches so high in the mil- 
lions of dollars that it is essential for economic operation to increase 
the speed to the maximum possible. However, on the old cables 
a speed of 300 words per minute was the maximum obtainable, 
and the majority of them cannot exceed 150 words per minute. 
The new cables were able to handle with ease 1500 words per 
minute and it is possible that they can go higher than this. 
The amount of Permalloy used in a transatlantic cable is both 
gratifyingly large and surprizingly low. The tape is wound 
spirally on the whole length of the cable but it is only 0.006 in. 
thick. Therefore, the banding in a transatlantic cable is a strip 
of Invar 0.006 in. X 0.125 in. X 61,000,000 ft. long. The total 
weight in the new transatlantic cable is only 30,800 lb., containing 
24,640 lb. of nickel. 

Nickeloy. The difficulties in manufacturing Permalloy, 
especially the heat treatment, have resulted in the development 
of another alloy containing 50 per cent nickel and known as 
“Nickeloy” (or “50/50"). This does not have quite as high a 
permeability as Permalloy, and it also is not as nearly as sensitive 
to heat treatment. In common with Permalloy it shows rela- 
tively a very much greater magnetic permeability at low field 
Strength than at high. At field strengths such as those met with 
in communication work, both of these alloys show an enormous 
Superiority over ordinary transformer-core materials, such as 
‘ron and silicon steel, as Permalloy is thirty times more per- 
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meable than ordinary transformer iron and its hysteresis curve 
covers 1/,, of the area of that of iron. Such characteristics, 
coupled with the relative insensitivity of Nickeloy to heat-treating 
and stressing, as in punching, make it the core material par 
excellence for radio transformers for which it is now being more 
and more widely used as the demand for improved radio reception 
grows. The magnitude of this relatively unimportant field can 
be gaged by the fact that recently one concern alone was using 
daily 60,000 lb.—or two carloads of sheets—for radio-transformer 
cores. 

The results obtained with this material for radio-transformer 
cores has caused investigation as to its suitability for power 
transformers. Here the field strengths are naturally much 
higher and at first glance it seems impossible to reconcile the 
permeability curve of the nickel-iron alloys with the demands 
of the power field. However, these alloys are now being used 
for one particular application—a current transformer for switch- 
board use—and it is not inconceivable that, by judicious de- 
signing, this material will be made available to the production 
and transmission of power. Obviously the present high price is a 
deterrent. If, however, nickel-iron alloys are used in much 
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(Carbon steel stressed under 36,000 Ib. per sq. in. before aging; nickel steel 


under 61,200 lb. per sq. in. before aging.) 


larger quantities the volume itself will reduce the cost. If the 
use of silicon steel for transformer cores in place of low-carbon 
steel or iron saved the power producers and consumers of this 
country $15,000,000 during 1925, as one authority states, there is 
ample incentive for the adoption of a core material that will 
still further reduce losses. 

Ordinarily it would not seem logical to use the same materials 
for such opposite characteristics as maximum magnetic per- 
meability and for non-magnetic qualities, but nickel steels are 
used for such things as the end plates and other parts of electrical 
generators, for switchgear, and for transformer components in 
order to avoid the induced eddy currents and other losses en- 
countered if a magnetic material is used. The enforced instal- 
lation by many of the railroads of automatic train-control appara- 
tus opens up tremendous possibilities in this field. All existing 
types of train-control apparatus, as far as is known, employ a 
magnetic coil in a suitable housing along the right of way to 
influence the pick-up mechanism of the locomotive. These 
coils are placed every three-quarters of a mile or every mile, 
and there must be one for each track—which indicates the num- 
ber eventually to be used. It is essential that these cases be non- 
magnetic, and it is desirable that the eddy-current loss be as low 
as possible. The nickel-iron alloys (either 18 per cent nickel— 
6 per cent manganese steel or high-nickel-manganese cast iron) 
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have an advantage over other non-magnetic materials in that 
the high electrical resistance exhibited reduces the eddy-current 
loss very materially. Hadfield’s (12-14 per cent) manganese 
steel had a limited use, but suffered by not being forgeable or 
machinable. 


NICKEL-CHROME-STEEL CASTINGS VS. MANGANESE- 
STEEL CasTINGs 


The difficulties of handling manganese steel have always been 
a distinct detriment to this otherwise excellent product. In 
spite of this, manganese steel is very widely employed for wear- 
resisting castings, such as crusher and grinder parts and railroad 
trackwork. For the latter work it is further handicapped be- 
cause manganese steel will flow under impact and because it is 
not weldable. Recently, therefore, a new development has 
arisen of replacing manganese steel for trackwork with a heat- 
treated nickel-chrome-steel casting. These nickel-chrome frogs, 
switches, and crossings wear as long or longer than manganese 
steel; do not flow under impact; are cheaper; and finally, when 
they are worn to a degree that would necessitate scrapping man- 
ganese steel, they can be built up by welding. Such castings 
analyze carbon 0.45-0.55, chromium 0.60-0.80, nickel 2.50-3.00, 
are heat-treated by a double anneal (similar to locomotive frames), 
and develop an average of 67,000 lb. elastic limit, 107,000 Ib. 
ultimate tensile strength, 17 per cent elongation, and 26 per 
cent reduction of area with a Brinell hardness of 219. 


NICKEL IN Cast IRON 


Often a line of investigation will be dropped because of apparent 
lack of results and later be followed to a successful conclusion. 
Back in the nineties experiments were carried on with nickel in 
cast iron, but results seemed to indicate that nickel was dele- 
terious to iron, so up to a year or so ago the only uses for nickel 
in cast iron were in a mixture for rolls that lay in such a carbon 
range that it could with equal propriety be called a cast iron or 
steel, and as the lesser constituent of Mayari pig iron, used to 
some extent by foundrymen. 

Finally the effects of nickel on cast iron were investigated 
thoroughly by laboratory methods, and it was found that the 
apparently bad results obtained with nickel were due to the 
complex nature of cast iron and the failure to recognize the 
effect of other elements when nickel was added. ; 

Since these investigations the use ef nickel cast iron has liter- 
ally grown by leaps and bounds, and it shows promise of con- 
tinued expansion. 

Briefly, nickel in cast iron tends to refine the grain; to in- 
crease the machinable hardness; to increase the resistance to 
wear; to increase the strength; to reduce the chill; and to elim- 
inate porosity. This list sounds like the collection of ills cured 
by some patent medicine, especially as some of them seem con- 
tradictory. This can be explained by saying that when nickel 
is to be added to cast iron the other elements must also be con- 
trolled in order to gain the desired end. Small additions— 
0.10 to 1.00 per cent—refine the grain of cast iron. Higher 
amounts—3.00 to 5.00 per cent—may coarsen the grain if the 
silicon is not controlled. Nickel is like silicon in that it assists 


in graphite formation and carbide decomposition, but there is 
a limit—roughly 3.00 per cent—beyond which silicon is de‘ rj- 
mental to the iron. This is not true of nickel. Either silicon 
or nickel will tend to reduce chilling, but the addition of nicke! 
causes no deterioration or loss of strength or increase in grain 
size. 

Nickel improves the machinability of cast iron because ii 
insures freedom from chilled areas and from hard carbide spots 
By its use cast iron of 250 Brinell is as readily machined as or- 
dinary iron at 200 Brinell. The hardening due to nicke! js 
caused by an actual hardening of the iron matrix and not through 
action to increase the carbides in the iron. 

The increase in the wear of castings when nickel is used is du 
first to this increased hardness, and secondly to the finer struc- 
ture and freedom from carbide particles, Under wear con- 
ditions these hard carbide particles act as a lapping compound 
and increase the wear considerably. 

These valuable characteristics are exhibited by the addition 
of nickel alone in cast iron, but other metals can be used to sup- 
plement. the nickel, the most common one being chromium. — Thy 
conjunction of the two is mutually advantageous. Chromium 
is a powerful hardener of iron, but is also very active in pro- 
ducing chills and carbide spots. This tendency is counteracted 
by nickel. The best ratio of nickel to chromium is two or thre: 
to one. 

Cast iron with nickel alone or in combination with other 
elements is now used for a wide variety of purposes, such as 
automobile cylinders and pistons, differential spiders, Dicsel- 
engine cylinders, hydraulic-press castings, valve and pipe-fitting 
castings, electrical-resistance grids, pipe balls, steam-cylinder 
bushings and piston rings, and rolls for steel-mill service. 

Let us return to our starting point—alloy steel—for a moment 
Roller and ball bearings are being applied more and more t 
heavy power machinery and to railroad equipment. The ad- 
vantages gained in power saving, long life, and reliability ar 
in many cases astonishing, and some clear-sighted people predic! 
the practical replacement eventually of all metal bearings with 
these anti-friction bearings. This may be visionary. 

Formerly practically all roller and ball bearings used for bot! 
races and rollers (or balls) a high-chrome steel. Now the ma- 
jority of roller bearings are made of a nickel-molybdenum com- 
position. The change was made because equally as good 
better) results can be obtained in service with the new stee! 
the necessary heat treatment is much simplified, and the alloys 
in the scrap are both recoverable. The last constitutes in itsel! 
a great saving. Only about 15 per cent of the steel made leaves 
the factory in the form of bearings; the other 85 per cent is 
returned as crop-ends or machining waste to be remelted. 

Developments are constantly being made in nickel steels or 
nickel-iron alloys, new uses are created by new needs of industry 
and the possibilities of this system, embodying as it does unusus 
and often contradictory characteristics, are far from exhausted 
The most unexpected applications arise. For example, a certai! 
combination of nickel and chromium with iron has a very low 
heat conductivity. It is now used abroad for handles on cooking 
utensils. 
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The Manufacture of Seamless Tubes 


By R. C. STIEFEL! anp GEORGE A. PUGH,? YOUNGSTOWN, OHIO 


Two methods are today available in the manufacture of seamless 
tubes of 4 in. and greater diameter. ‘These are the pilger process 
and the automatic or plug-mill process. The cost of installation is 
about the same for either process. The cost of tool equipment is 
much greater for the pilger process and it is claimed that the quality 
of the tube, particularly in the matter of service, is more uniformly 
reliable with the plug rolling process than with the pilger process. 

Referring particularly to the plug rolling process the authors dis- 
cuss the difficulties of operation and modern improvements aimed 
at obviating these difficulties. A distinction is emphasized between 
the part of the billet directly affected, or as the authors style it, ‘‘ex- 
plored,” by the mandrel, and the part which is unexplored, and the 
smaller the unexplored section is in relation to the full section of the 
solid billet, the fewer are the defects on the inside of the pierced tube. 
This leads to the conclusion that for the production of a given size 
tube, as small a solid billet as possible should be used. This is 
proved by a formula given for power consumption in piercing. The 
design of piercing mills is next considered from the same point of 
view and the most recent developments in the use of expanding mills 
are described. 


HE manufacture of seamless tubes is a branch of the steel 
business which lately has assumed enough importance to 
merit closer consideration than is possible in the little 
time available to the authors for this purpose. The following 


tubes, say, 4 inches and larger, are the pilger process and the so- 
called automatic-mill process. A general knowledge of both 
processes is assumed to be possessed by the reader. 

The pilger process is in use chiefly in Europe and the auto- 
matic or plug-mill process chiefly in the United States. Ex- 
perience with both processes has established the following com- 
parable economic features between the two methods: 

1 The output in tons with the plug-mill process is two or three 
times more than with the pilger process. 

2 The cost of installation is about the same for either process 
or is rather less for the plug-mill process. 

3 The cost of tool equipment, such as rolls and mandrels, is 
several times greater with the pilger process than with the plug- 
mill process. 

4 Rolls and mandrels must be of the best grade of alloy steel 
in the pilger process, and in the plug-mill process they are of 
similar composition to those used in other steel working methods. 

5 Maintenance of plant and tool equipment is much less 
costly and more simple with the plug-rolling method than with 
the pilger method. 

6 The quality of the tube produced with reference to evenness 
of wall thickness and smoothness of outside and inside surface 
is better and more uniformly reliable with the plug-rolling process 
than with the pilger process. 

7 Tube lengths obtained with the pilger-process are currently 
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1 Dracrammatic Layout or A SeEAMLESS-TuBE PLUG-MiLL UNIT 


treatment of this subject is, therefore, based on the assumption 
that the reader is to some extent familiar with it, and the object 
is to deal only with the main difficulties encountered and with 
the possibility of eliminating them. 


METHODS OF MANUFACTURE 


The two chief methods of manufacture, besides a number of 
others of lesser importance, when considering the production of 
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40 ft. to 60 ft., and exceptionally up to 80 ft. or 90 ft. With 
the plug-rolling process, lengths obtained today are 30 ft. to 40 ft; 
with slight modification of the heretofore usual equipment, it 
will be possible to produce 50-ft. lengths. 

8 The largest tubes produced with the pilger method are 20 in. 
in diameter and with the plug-mill process about 14 in. diameter. 
A recent development (expanding) will permit the production of 
24 in. diameter and larger with the plug-rolling method. 

The belief obtains, to a varying degree in the steel industry, 
that a better-grade steel (sounder steel) is necessary with the plug- 
rolling method than with the pilger method. This belief, or 
contention, is based on the assumption that for the plug-mill 
operation the billet is pierced to a wall thickness much less than is 
necessary for the pilger operation. This is an erroneous assump- 
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tion where tubes of large size are concerned, as in this case the 
billet is pierced to a wall thickness substantially the same for the 
plug-mill operation as for the pilger operation. 

The contention that better steel is required in the plug-rolling 
method is partly correct if applied only to the production of 
smaller sizes of tubes where the billet is pierced to a considerably 
thinner wall for the plug-mill method than for the pilger method. 
But in the production of these smaller tubes, a comparatively 
small-size solid billet can be used in the plug-rolling method, and 
with the use of small-size solid billets, which have had a large 
degree of refinement from the ingot down, the difficulties attribu- 
table to unsound steel have today practically been eliminated, at 
least in this country. 


Mopern UNir 


The following description and accompanying illustration of a 
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typical modern plug-mill unit may serve toward a better under- 
standing of the subject. (See Fig. 1.) 

Steel billets are charged into the piercing-mill furnaces, and 
from there into piercing machine A or piercing machine B, either 
of which can be operated as a piercer, or the first piercer for 
piercing only and the second piercer for enlarging the pierced billet. 

From either of the piercing machines the billet is conveyed to 
the plug mill C. Here the billet is passed through the rolls 
two or more times for the purpose of reducing wall thickness and 
elongating it. All of the movements of the billet are performed 
mechanically on the plug mill with practically no hand labor. 

From the plug mill the tube is conveyed to either of the reeling 
machines D, in which it is acted upon by oblique rolls on the 
outside and a cylindrical mandrel on the inside, for the purpose 
of equalizing the wall thickness and smoothing its outside and 
inside surfaces. In the reeling operation the diameter of the tube 
is slightly increased, resulting from a slight reduction of the wall 
thickness. 

After the reeling operation, the tube is passed through the 
sizing machine E for the purpose of reducing it to the required 
diameter. This machine usually contains several pairs of 
grooved rolls. The tube, after leaving the sizing machine, is 
shifted onto a conventional type of cooling table consisting of a 
number of slowly moving conveying chains, rolling the tubes on a 
slightly inclined table. 


DirFicuities WitTH STEEL 


It is a fact that in the manufacture of seamless tubes, the qual- 
ity (soundness) of the solid billet is of great importance; and 


herein lies one of the chief difficulties encountered in this manu- 
facture, whether it be by the pilger process or by the plug-mill 
process. 

Defects may result on the inside of the tube from segregation 
or blow holes at or near the center of the solid billet, and on the 
outside of the tube from defective bar-mill practice, or from 
defects (tears, slivers, and blow holes) at or near the surface of 
the solid billets. 

The defects on the outside of the tube, resulting from faulty 
bar-mill practice and from tears and slivers on the surface of the 
solid billet, can be and have been traced to the source, and much 
improvement has been made in this respect. 


ELIMINATION OF STEEL DEFEcTS 


The elimination or reduction in number of defects on the 
inside and outside of the tube resulting from segregation and 
blow holes can also be greatly helped, as will be evident from the 
following: 

Inside and outside surface defects attributable to segregation 
can hardly be eliminated altogether, but such defects can be 
greatly reduced in magnitude by giving the ingot more rolling, 
reducing it to a smaller-size round billet than has been cus- 
tomary heretofore for the production of a given size tube. 

Inside surface defects attributable to blow holes can be largely 
reduced in number or entirely eliminated. 

Referring to Fig. 2, it will be understood that the piercing 
mandrel over which the billet is forced explores, so to say, the 
inside of the solid billet on its full length for defects. An an- 
nular outside volume of the solid billet, represented in dotted 
lines, equal to the volume of the pierced billet, has remained 
unexplored by the mandrel. Any defect d in the explored 
section S of the solid billet, in the shape of what is commonly 
called a lamination, resulting from a biow hole in the ingot from 
which the billet was rolled, is laid out or exposed on the inside 
surface of the pierced billet in the shape of a tear, seam, or lap, 
while any such lamination | existing in the unexplored annular 
section of the solid billet will remain practically undisturbed in 
about the same relative location in the annular section of the 
pierced billet. (Therefore, the smaller the explored section 
S is in relation to the full section of the solid billet, the fewer 
such laminations may be contained in the displaced central 
volume of the billet and consequently fewer or no tears, seams, 
or laps may be obtained on the inside of the pierced billet.) 

This condition again points in the direction of using as small 
a solid billet as possible for the production of a given size tube. 
It will readily be seen that the explored or central section S 
of the steel billet is rapidly reduced in relation to the full section 
as the diameter of the billet is reduced, the unexplored section 
remaining the same. 

The logical conclusion to be drawn from the foregoing is that 
by using a billet larger in diameter than necessary an unusual 
number of inside defects may result. 

The described condition with reference to location of lamina- 
tions that may or may not result in defects on the outside or 
inside of the tube should serve as an indication to the steel 
maker as to where the blow holes should be located in the ingot 
if they cannot be entirely eliminated. In other words, with 
reference to Fig. 3, if the inner section A, in relation to the full 
section of the ingot, is the same as the explored section S of 
the solid billet in relation to the full section of the solid billet, 
Fig. 2, then the blow holes should be located as centrally as 
possible in the sectional outer area B of the ingot in order not to 
result in injurious outer or inner surface defects in the tube. 

A closer cooperation in this respect between the tube-mill 
operator and the steel maker should result in better conditions 
as to surface defects in the tube. 
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IRON AND STEEL 


With reference to the occurring surface defects on the tube, 
it is well known that the piercing operation is a test of the steel; 
piercing means penetrating the center of the billet, spreading 
the displaced metal of the center toward the outside, at the 
same time elongating the billet. The spreading and stretching 
stresses set up in the billet by the piercing operation are hard 


fy 
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on the steel and tend to aggravate existing defects in the billet. 
These stresses, and resulting aggravations of existing defects, 
are increased in the piercing operation proportionately with a 
decrease of the wall thickness and an increase of the elongation; 
and they are decreased proportionately with an increase of wall 
thickness and a decrease of elongation. Hence, the conclusion 
is reached that a given size tube should be produced by using as 
small a billet as possible in order to set up a minimum of stresses 
and corresponding minimum punishment of the steel. 


Power CoNSUMPTION 


(nother way to prove the correctness of this statement is as 
follows. Itis clear that the more power that is used to pierce a 
billet of a given size in a given time, the more punishment is 
given to the steel. Now, the power absorbed is represented by 
the formula: Kilowatt-seconds = C X weight of billet in Ib. x 


length of pierced billet in feet 
length of solid billet in feet 


From this formula, in which C represents a constant value, it is 
evident that the power can be reduced to a minimum by increas- 
ing the length of the solid billet and decreasing its diameter corre- 
spondingly, maintaining the same weight. All of which re- 
sults in the fact that by using smaller billets not only is the steel 
punished to a lesser degree but a considerable saving in power 
also is obtained. 


DesiGn oF Prercine Pass 


Until lately there has been no good and reliable procedure 
established to determine the most favorable size of solid billet 
from which to produce a given size tube; it has been largely a 
matter of “rule of thumb.”’ A common practice was to choose 
a solid billet of a diameter approximately the same, or some- 
what smaller, than the desired tube. The correct method to 
determine the most favorable size of solid billet is as follows. 

The piercing diagram illustrated in Fig. 4 is arranged in such a 
manner that the converging pass CA formed between the rolls 
establishes enough grip on the billet, by the time the latter has 
progressed to point D, to force it over the point of the man- 
drel. The elongation of the billet, that is, the reduction of its 
cross-sectional area, should be done only in the converging pass 
from C to A with a minimum draft or reduction of the 
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billet. The diverging pass, from A to B, between the rolls 
and the mandrel is arranged so that the cross-sectional area of 
the billet at A is equal to that at B. In a piercing pass 
established to fill these conditions, the billet is only subjected 
to expansion in the diverging pass and to elongation in the 
converging pass. 

It will be clear from a closer study of Fig. 4 that the metal of 
the billet has a fair chance to flow lengthwise (or the billet has a 
chance to elongate) in the converging pass where it is gripped 
between the two roll faces forming a comparatively large included 
angle a between them. But where the metal is gripped between 
the two diverging roll faces and the two corresponding mandrél 
faces, it becomes almost impossible for it to flow lengthwise 
between the respective roll and mandrel faces which form s 
smaller flow angle g for the metal than is the case in the con- 
verging pass. On the other hand, it is evident from the cross- 
section at yy of Fig. 4 that the flow angle in the transverse direc- 
tion is greater than in the longitudinal direction, from which it 
follows that in the diverging pass the metal meets less resist- 
ance to flow in the transverse direction (expansion) than in the 
longitudinal direction (elongation). From this analysis it 
becomes clear that the diverging pass should logically be deter- 
mined, as described, so as to compel expansion, and no elongation 
of the billet, instead of by using a mandrel the shape of which is 
determined by guess work. 

The foregoing procedure of determining the piercing con- 
ditions for a given size tube is a sure way to obtain the best re- 
sults, with reference to punishment of the steel and consumption 
of power. It constitutes the subject of a pending patent applica- 
tion. 


ConFuicrinGc Facrors CONFRONTING MANAGEMENT 


Since the piercing operation, even if performed under the most 
favorable conditions, is a very severe test of the steel, it is of 
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the greatest importance to make sure that this operation is being 
performed under conditions as favorable as possible. When it 
happens that losses occur, that is to say, when defective tubing 
is produced, a chaotic condition usually arises. The operating 
management of the tube mill, believing that working conditions 
have been maintained constant and proper, attributes the loss 
exclusively to defective metal, whereas the steel maker, believing 
that the metal is not defective, attributes the losses exclusively 
to improper conditions in the piercing procedure, a case of 
“the pot calling the kettle black,” and the general management 
is at a loss where to place the blame. Manifestly it is desirable 
to eliminate one of the two causes of defective tubing so that 
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there obtains no more uncertainty as to where to look for the 
remedy. This can be done by adopting the design of the piercing 
pass in the manner explained in the preceding paragraph, by 
eliminating the “rule of thumb” practice. 

In the foregoing procedure of determining the most favorable 
piercing conditions it was assumed that the angles a and b of the 
converging and diverging passes were given as well as the type of 
roll, namely, barrel-shaped rolls with their axes practically parallel 
to the pass line xz, a type of roll which has commonly been used 
in the production of the larger size tubes, say about 5 in. diameter 
and larger. These angles and the type of roll constitute the ele- 

“ments which determine more or less favorable working con- 
ditions and the choosing of them should be given careful con- 
sideration. 


FUNCTION OF PieRcING ROLLS 


It will be noted from Fig. 4 that at the first contact C estab- 
lished between the billet and the rolls, the diameter of the roll 
is small while the billet is large; as the billet progresses from C 
to A, the diameter or circumference of the billet decreases while 
that of the roll increases; from A to B the reverse takes place, 
that is, the diameter or circumference of the billet increases while 
the corresponding diameter or circumference of the rolls de- 
creases. This irrational relation between corresponding diam- 
eters, and consequently speeds, of the rolls and billets at dif- 
ferent contact points during the progress of the billet through 
the piercing pass, results in the setting up of the injurious stresses 
in the billet heretofore referred to; it also results in the breaking 
up of the center of the billet before it reaches the point of the 
mandrel, thereby favoring the penetration of the mandrel into 
the center of the billet; but it also has the effect of producing 
enormous friction or slippage between the rolls and the billet 
on the outside as well as between the mandrel and the billet on 
the inside. When considering that the metal pressure exerted 
by the rolls on to the billet may amount to several hundred- 
thousand pounds, it will be evident at once that much slippage 
under such great pressure will result in enormous waste of 
power. 


FunctTION OF PrercING MANDREL 


The peculiar functioning of the mandrel in the pass of the 
now customary piercing machine also greatly contributes to the 
setting up of injurious stresses in the billet. Referring to Fig. 
2, it is apparent that the rolls, being obliquely disposed in relation 
to the axis of the billet or pass, tend to rotate the billet and feed 
it forward over the mandrel. The axis of the billet and the 
axis of the mandrel being the same, it is clear that the mandrel 
has no forward feeding effect on the billet; the billet therefore 
is fed or pulled or pushed forward on the outside by the rolls 
while the mandrel on the inside tends to prevent it from moving 
forward. 

Furthermore, it will be noted that to the large diameter m 
(Fig. 2) of the roll is opposed the small diameter n of the mandrel, 
while to the small diameter o of the roll is opposed the large 
diameter p of the mandrel. The torsion and slippage stresses 
to which the outside of the billet is subject by the speed differences 
of the rolls, as explained before, are therefore being repeated for the 
same reasons on the inside by speed differences of the mandrel. 
All this occurs under the heavy pressure on the metal necessary 
to displace it from under the contacting surfaces between it and 
the rolls and mandrel. 

What has been stated heretofore with reference to power ab- 
sorption by slippage or friction by the rolls on the outside of the 
billet, also applies in connection with the similar great friction 
or slippage occurring between the mandrel and the inside of the 
billet. 


Prercina Power 


The total power necessary in piercing consists of three main 
divisions: 

1 Power absorbed by machine friction 

2 Power absorbed by roll and mandrel friction on the metal 

3 Power absorbed by metal displacement. 


A careful analysis of the three power divisions would probably 
prove that, in many cases, the power absorbed by roll and man- 
drel friction on the metal is far greater than the power absorbed 
by actual metal displacement. 

From the foregoing it becomes evident that the power required 
in piercing is of injurious character to the steel and that the 
amount of power required to produce a tube of a given size in a 
given time represents the measure of punishment imparted to 
the billet. 

The tendency, therefore, should be to reduce the power in 
piercing to a minimum in the manner described and rather spend 
a little more power in the bar mill to produce billets of smaller 
diameter, the additional bar-mill power required being of a 
beneficial character to the steel, refining it to a higher degree. 
Thus a threefold advantage will be obtained; better steel, 
less power consumption, and less punishment of the steel in pierc- 
ing. 

It is possible to improve the conditions obtaining with reference 
to the occurring torsional and slippage or friction stresses on the 
outside and inside of the billet with piercing mills of a different 
type than that which is now customary. 

Referring again to Fig. 4, it is possible, for instance, in many 
applications, to use piercing rolls of different type than those 
indicated, whereby most of the metal friction in the diverging 
pass AB, the most injurious, can be eliminated. Some headway 
has been made in this direction and it is probable that much 
more progress can be made from now on when new capital to be 
invested in seamless-tube-mill installations may become less 
hesitant to lend itself to a justified departure from the trodden 
path. 

There are many other interesting and important features in 
connection with piercing in particular, as well as with plug rolling 
and reeling, that deserve more study and understanding by those 
engaged in this manufacture in order to make intelligent decisions 
when difficulties arise, particularly in case of difficulties with 
steel. On account of lack of time, it is impossible to undertake 
at present a complete detailed study of all features; therefore, 
this article touches only on the most important ones. 

The foregoing deals exclusively with the difficulties encountered 
at times with steel. However, the conclusion should not be 
drawn that these difficulties are constant and standing in the way 
of producing seamless tubes as cheap or cheaper than lap-welded 
tubes. Good yields, varying between 80 per cent and 90 per cent 
from solid billet to finished tube, are now being obtained when 
producing lengths of about 30 ft. to 35 ft., which is a creditable 
result when considering crop-end losses and about 3 per cent 
furnace loss. 

EXPANDING 


Another inconvenience inherent in the now usual seamless 
plants lies in the fact that when it is necessary to change pro- 
duction from one size of tube to another, considerable time, 
five hours or more, is lost in making the necessary shift in the 
machine equipment and size of solid billet. 

Great advantages can be obtained in this respect by rep!acing 
the now commonly used reeling machine with an expanding 
machine which may function the same as the present reeling 
machine or may be used to expand the tubular body coming 
from the plug mill, or from the piercing machine, into large? 
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sizes of correspondingly thinner walls. Sufficient experimental 
work has been done to justify the assumption that this expanding 
method will permit the production of large size tubes up to about 
24 in. diameter at comparatively little additional power require- 
ment and with an initial plant cost equal to the cost of a plant 
for the direct production of tubes with the now usual plug-mill 
process up to about 14 in. diameter. Allowance for additional 
cost of larger finishing equipment will, of course, have to be 
made. 

The benefits obtained from the expanding mill will become 
evident by a study of Fig. 5. A tubular body of 14 in. diameter 
and wall thickness d, coming from the plug mill or from the 
piercing mill, is expanded to 24 in. diameter of corresponding 
wall thickness e. If a tube of less than 24 in. diameter should be 
required, for instance, of a diameter as shown by dotted line, it 
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could be produced without changing the setting of the rolls 
of the expanding mills by simply using a smaller expanding man- 
drel, as shown by dotted lines. This smaller tube, however, 
would have a wall thickness ¢,, in the same proportion greater 
than e as its diameter is less than 24 in. Should the wall thick- 
ness of the smaller tube have to be less than e,, then it could be 
obtained by simply preparing a tubular body at the plug mill 
or piercing mill of the same diameter (14 in.), but of corre- 
spondingly less wall thickness than d. On the other hand, if 
the wall thickness e, should be required to be greater than shown, 
then the wall of the entering tube would have to be correspond- 
ingly greater than that shown and designated by d. 

It will be seen, therefore, that with the roll setting shown, 
tubes of varying diameter and wall thickness can be obtained at 
the expanding mill from a tubular body of constant diameter of 
14 in. but of different wall thickness. 

The same advantages with reference to simplification in the 
production of different sizes which are described in the fore- 
going grouping of sizes from 14 in. to 24 in. obtain when group- 
ing other sizes as, for instance, all sizes from 8-in. to 14-in. dia- 
meter and all sizes from 5-in. to 8-in. diameter. 

It must be noted here that the indicated division of all sizes of 
tubes from 5in. to 24in. in diameter into only three groups, each 
to be produced from only three different tubular bodies of con- 
stant diameters, was given as an illustration only, and that it 
will be advisable to arrange the working program for more 
than only three groups in order to obtain the best possible pierc- 
ing condition for one size of tube of each group and not too much 
deviation from the best piercing conditions for all the other sizes 
of each group. 

This great flexibility in sizes obtainable from an entering tube 
of constant diameter dispenses with changes of guide and roll 
settings at the plug mill and at the piercing mill. The variation 
required in the wall thickness d of the entering tubular body can 
be obtained at the plug mill and piercing mill by a simple change 
of mandrels. At the expanding mill a change in the setting of 
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the outlet guides would be required to accommodate the varying 
diameters from 14 in. to 24 in. of the outgoing tubes, but no 
change of the inlet guides would be required, the entering tube 
being of constant diameter. Changes in the settings of the 
reeling machine and sizing machine would have to be made in 
the same way as in the present installations. 

Referring to Fig. 6, a modification of Fig. 5, the expanding 
mandrel is provided with two different cones A and B, cone A 
forms a converging pass for the entering tube wall between it 
and the expanding rolls, and cone B forms a parallel pass for the 
tube wall between it and the expanding rolls. On cone A, the 
entering tubular body has its wall reduced and its diameter en- 
larged, and on cone B the wall is smoothed out in exactly the 
same manner as is now the case in the customary reeling ma- 
chine. By the use of this modified mandrel, the expanding and 
reeling operations may be performed simultaneously in the 
thus-formed expanding-reeling pass. 

The expanding method referred to forms the subject of U. 8. 
Patents. 

In the now customary plug-mill installations, the practice is 
frequently to change the size of solid billet when producing tubes 
of different diameters. With the use of the expanding mill, the 
requirement of billets of many different sizes would disappear, 
only a few standard sizes of billets becoming necessary. 

The advantages resulting from such a standardization in the 
working of steel in the hot state needs no comment. 

The benefits obtainable with the expanding mill apply equally 
well to pilger-mill installations. In fact, these benefits will be 
more pronounced in a pilger-mill plant than in a plug-mill plant, 
for the reason that a standardization to fewer sizes of the much 
more expensive equipment in rolls and mandrels, necessary for 
a pilger-mill plant, will result in far greater economy than in 
a plug-mill plant. These benefits can be summarized as fol- 
lows: 

1 The expanding mill can be used for the same purpose as the 
now commonly used type of reeling mill, or it can be used to 
reduce the wall ¢hickness and increase the diameter of the tube; 
or it can be used to accomplish both—expanding and reeling 
simultaneously. 

2 Comparatively little power is required, for the reason that 
the character of impingement on the stee] by the expanding 
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rolls is much more favorable with reference to “flow of metal” 
than is the case if, in the absence of the expanding mill, the 
same reduction of wall thickness would have to be made at the 
plug mill or pilger mill. 

3 A thicker wall can be produced at the plug-mill or pilger-mill 
operation. 

4 A thicker wall can be produced at the piercing operation; 
hence, less punishment of the steel and less aggravation of existing 
defects in the billets. 


IS-50-7 21 
| 
etal 
bly 
an- 
bed “is 
red 
the 
na 
| to 
nd 
er 
fa 
ree, 
eel, 
Pre- 
nee 
the 
ent 
7s 
x 
in 
ling 
se igt 
ons 
vith 
ake 
be 

vay \\ 
ent 

hen 
ible MAY 
ent 
less 
r0- 
me, 
the 
ing 
ling 
ling 
ing 
get 


22 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


5 On account of being able to produce thicker walls at the 
piercing-mill and plug-mill or pilger-mill operations, these oper- 
ations become easier and, as a result, should favor more 
output. 

6 Time is saved when changing from one size to another. 

7 Fewer sizes of solid billets are required. 

8 The equipment required for the production of the tubular 
body at the piercing mill and plug mill or pilger mill becomes 
standardized to few sizes (diameters). 

9 The expanding mill can be added to any kind of existing 
installation suitable to produce hollow blanks, thus enabling 
the production of larger tubes with existing equipment at com- 
paratively little cost. 


Ovurput, Cost, AND QUALITY 


The output in a modern plug-mill plant in tubes of 5 in. diam- 
eter and larger is about 200,000 tons per year. 

The cost of production of seamless tubes of usual sizes is the 
same as, or less than, that of lap-welded tubes. Inasmuch as the 
seamless-tube industry is comparatively new, it is reasonable 
to assume that more progress will be made with reference to cost 
of production. 

The method of manufacturing seamless tubes permits the use 
of high carbon steel or alloy steel, resulting in a product of 
superior quality, with reference to strength and usage. It 
is also applicable to other metals such as copper, brass, aluminum, 
etc., all of which are impossible by the welding process. 


Discussion 


H. H. Murray.’ This is a very interesting general account 
of the process of the manufacture of seamless tubes in what 
might be referred to as the larger sizes. There are, however, 
several points which give ground for further discussion. 

Taking first the question of the relative merits of the pilger 
and plug-mill processes—while the writer is a firm believer in 
the superiority of the plug-mill process, it is well sometimes for 
us to analyze our views lest they be tainted with prejudice 
the pilger process is, and has been for a number of years, very 
largely used in Europe, whereas the automatic or plug-mill proc- 
ess has made little progress except in the United States. While 
the Europeans in our opinions may be somewhat backward in 
some directions, there must be some good reason for their pref- 
erence for the pilger method of manufacturing seamless tubes. 
There are two installations of pilger mills for large-size pipe in 
the United States, and it might be of interest to get expressions 
from those familiar with the operation of each of these two mills. 
The statement is made that the output in tons with the plug-mill 
process is two or three times that of the pilger process. In the 
output of every mill there is a controlling factor or “bottle neck,” 
and in the plug mill shown in Fig. 1 of the paper this ‘bottle 
neck” would apparently be the piercing operation, or in the case 
of the use of piercers A and B, piercer B, which performs the ex- 
panding and wall-reduction operations. In the case of the 
pilger mill the “bottle neck” is the rolling operation, but as a 
general rule more than one pilger rolling mill is used in conjunc- 
tion with one piercing mill. The statement is made that the 
cost of installation is about the same for either process; but con- 
sidering that the pilger mill generally consists of a piercer and 
one or more sets of pilger rolls, and sometimes reeling machines, 
it is believed that such an installation should not cost any more 
but would probably cost less than a layout with two piercing 
mills as shown in Fig. 1. Regarding the cost of tool equipment, 
rolls, mandrels, and maintenance, there is nothing to say, as it 


’ Superintendent, Babcock & Wilcox Tube Co., Beaver Falls, 
Pa. Mem. A.S.M.E. 


is generally conceded that in the case of the pilger mill this cost 
is higher than in the case of the automatic mill. Regarding the 
quality of the tube, while as a whole plug-mill tubes are of better 
quality than tubes from the pilger mill, in certain details 
pilger-mill tube is superior. One of the great troubles of th 
plug-mill operator is the elimination of internal scratches. ‘I'hy 
pilger mill overcomes this difficulty, making a tube with a very 
fine inside surface, but the outside surface of such tubes does 
not compare with a tube made on a plug rolling mill. ‘Thy 
writer would like some reliable information as to actual tonnage 
output on a modern pilger mill where two rolling mills used in 
conjunction with the piercer are making long tubes of a size and 
length to give maximum output. 

Regarding the question of steel quality, the defects which 
give the seamless-tube manufacturer trouble exist in the billet 
of course, and are exposed as stated by the authors in the piercing 
operation. In the case of the pilger mill the tubes are pierced 
with a very heavy wall and are reduced to the required thickness 
in the pilgering process, which is almost equivalent to a forging 
operation, and this tends to close up and conceal many defects 
In the installation referred to by the authors the general idea 
would be to pierce a wall of the same thickness as would be 
pierced on the pilger mill and to reduce this wall thickness in a 
subsequent piercing machine designed for expanding and wall- 
reducing operations. Whether this would hide these defects t 
the same extent as the other operation, however, the writer is 
not prepared to say. 

The authors state that the difficulties experienced in seam |less- 
tube manufacture should not lead us to draw the conclusion tha 
seamless tubes cannot be produced as cheaply as or cheaper tha: 
lap-welded tubes. - All of us who manufacture seamless tubes 
are looking forward to the time when this will be accomplished 
but at the moment, excepting in perhaps a few individual cases 
this has not been generally accomplished. Most of the seam- 
less-tube mills in existence were designed to take care of a mor 
or less general business of varying sizes and types of tubes 
whereas lap-weld mills as a rule, due largely to the enormous re- 
quirements of the oil industry, are built to give a maximum out- 
put on a narrow margin of sizes processed in large quantities 
When the hesitancy of capital referred to by the authors has been 
overcome, perhaps we may have seamless mills built along thes 
latter lines; and when that time comes we should be well abl 
to meet the lap-weld man on his own ground. In this connee- 
tion, of course, we should not lose sight of the fact that at the 
present time raw material of a quality suitable for making seam- 
less tubes is more expensive than skelp for lap-welded tubes 
The very fact that seamless tubes require a superior grade oi 
material for their successful manufacture, as compared with thr 
material which may be used for lap-welded tubes, although dis 
advantageous from a cost point of view, is of considerable ad- 
vantage to the consumer in the matter of intrinsic quality. 


J. B. Wxarton.‘ Reference is made in this paper to the 
quality of steel required to produce seamless tubes by the pilget 
and automatic-mill processes. It was stated that for the tubes 
of larger diameter, say above 6 in., the quality of steel required 
is the same. A brief description of the two processes may /* 
helpful in determining whether this is the case. 

For the pilger process, cast round ingots, always considerabl) 
larger than the finished tube, are used. These ingots are re 
heated and pierced. The inside diameter of the pierced blank 
is approximately the same as will be the inside diameter of the 
finished tube; the outside diameter, however, is 3 to 4 in. larger 
than will be that of the finished tube. The pierced blank © 


4 Chief Engineer, Standard Seamless Tube Co., Ambridge, Pa. 
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then forged down in the pilger mill to the desired outside diameter. 
This operation tends to forge out and cover up any defects de- 
veloped in the piercing operation. 

For the automatic-mill process, rolled rounds are used. The 
diameter of the round is much smaller than the finished tube. 
The initial piercing leaves a heavy wall comparable to the pierced 
blank for the pilger mill. The diameter of the pierced blank 
is still much smaller than the finished tube. 

In the second piercing operation the blank is expanded 30 
to 40 per cent in diameter, is elongated 50 to 100 per cent, and 
the wall is reduced to a thickness of about 50 per cent greater 
than that of the finished tube. The second piercing operation 
therefore not only aggravates any defects developed in the first, 
but uncovers others which may have been in the steel and not 
brought out in the first piercing. 

As opposed to a reduction in diameter in the pilger process, 
there is an expansion in diameter in the automatic-mill process. 
It would therefore seem clear that a better quality of steel is 
required for the automatic process than for the pilger. 

The writer understands that the power formula, kilowatt-sec- 
length of pierced billet in feet 

length of solid billet in feet ’ 
was developed before heavy-wall piercing became general prac- 
tice and has not been thoroughly tested for heavy-wall piercing. 
The writer has made a few experiments along this line and has 
been unable to obtain reasonable results. 

By taking power charts on piercing various sizes of tubes and 
solving the formula for C we ought to get a reasonable relation 
between the various values of C. The results of such a caleu- 
lation follow: 


onds = C X weight of billet * log 


8*/.-in. X 32-lb. casing, C = 97.4 
%/-in. X 36-lb. casing, C = 126.2 
60-lb. casing C 83 
13°/sin. X 61-lb. casing C = 305 


However, very consistent results on the power required to 
expand a pierced billet have been obtained. The method used 
was the determination of the power required to displace a given 
volume of metal per second. The results and method of pro- 
cedure are shown in Table 1 and Fig. 7. 


*~, 
/ 
/, 
/ 
if 
Fig. 7 
rD 
«Dot; = volume of metal displaced per unit of feed of 


billet, or when all dimensions are expressed in inches and time in seconds 
the results will be kilowatts per cubic inch of metal displaced per second. 

By referring to Table 1 we find that the kilowatt per cubic 
inch of metal displaced per second varies from 11.5 to 14.2. 
This result is reasonably close when we consider the fact that no 
attempt was made at temperature control other than the furnace- 
man’s judgment. 

The disk type expanding mill has, the writer believes, been 
used successfully in this country as a reeler by one pipe manu- 
facturer. Its theoretical action is, however, more nearly cor- 
rect for an expanding operation than for a reeling operation. 
By referring to Fig. 8 it will be seen that the speed of the disk 
at diameter D at beginning of reeling cone is less than the speed 
of the disk at diameter D at end of reeling cone, while the diameter 
of the pipe remains practically constant. It can readily be seen 


IRON AND STEEL 


that this condition produces a constant slip between disk and 


tube. 


The following calculations show the method of arriving at 
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the results given: 


\ 
ZZ LLL vs 
QS 
A 
D 
Fig. 8 
8°/, in. & 32-lb. casing 
= 8.3 
L = 11.57 
W = 935 
= 11.4 
KW = 1150 
1150 11.4 1150 11.4 974 
935 X log 1.392 935K 0.1433. 
%/, in. X 36-lb. casing 
(L) 
KWS = C W log 
KWS 
Wi 
KWS = kilowatt-seconds 
= constant 
Ww = weight of steel in pounds 
L | .{ = length of pierced billet in feet 
lL, = length of solid billet in feet 
Ly = §.1 ft. 
L = 10.4 ft. 
Ww = 1060 
S = 13.2 sec. 
KW = 1100 
1100 X 13.2 1100 X 13.2 om 


1060 X log 1.282 1060 X 0.10788 


11°/, in. X 60-lb. casing 


Ly = 8.0 
W =1712 
S = 13.46 
KW = 2400 
13.4 2400 13.4 2400 13.4 X 2400 


13.4 1712 X log 1.67 1712 0.2227 
1712 X log ‘ 


13°/s in. X 61-lb. casing 
L = 8.6 
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L, = 7.58 this method if put into practice would demonstrate a decided ad- 
W = 1825 vancement in the manufacturing art. 
KW = 2350 A comparison has been made between the plug-mill process 
S = 12 and the pilger-mill process. It might be interesting to know 
: , that while it is customary to produce a light-wall hollow blank 
Cm 12 X 2350 — 12 K 23500 205 for the plug mill, the pilger mill demands a billet with a heavy 
1825 X log 1.135 1825 x 0.0549 wall, rendering the use of cast ingots possible. It might also 
be of interest to know that tubes over 130 ft. in length have been 
TABLE 1 produced on the pilger mill in this country. 
9in. in. 103/,in in. 13%/sin, While this displays a certain economy with regards to scrap 
Weight of pierced billet, Ib.... 1345 1060 ncn Ake 1825 loss, cropping, etc., the commercial value of tubes of such length 
Well is que stionable, duc principally to handling and transportation 
Area pierced billet, sq. in. 27.1 29.99 37.65 62.84 difficulties. It might be said that the length of tubes possille 
Mean diameter pierced billet, 
me 53/4 ST /s 73/s 8 to roll by the pilger mill is limited only by the size of ingot it 
billet, in. 18,06 18.45 23.17 25.13 practical to heat and pierce. 
O.D. expanded billet, in... .. . 91/2 10'/s . 12 137/s I have studied with a great deal of interest the paper sul- 
Time required to expand, sec. 14.4 16.8 17.3 123 
Wall expanded billet, in... .. . 11/46 mitted by Messrs. Stiefel and Pugh and wish to congratulate 
billet tienes thickuces ex- them on the very able and interesting way in which they hay 
panaed billet............ 12.4 12.7 a, ee 18 9 described the manufacture of seamless tubes. 
Displaced metal per inch 
length pierced billet....... 14.7 17.29 17.25 44.04 
Feeding speed, in. per sec 12.35 7.50 9.4 4.8 
Rate es. tos. W. R. CLARK. The writer’s experience in piercing has n 
130 212 confined entirely to brass and copper. However, further light 
Kw. per cu. in. displacement, on one or two things with reference to the power requirements 
10 0 presented in this paper would be valuable. The first formula 


W. M. Secxiex.® Ever since the inception of seamless tubes 
we have heard that the industry is in its infancy. The last few 
years, however, have seen very rapid strides in the way of de- 
velopment of the art of manufacturing them. 

As stated by Messrs. Stiefel and Pugh, the piercing operation 
is a very severe test of the quality of steel. This is especially 
true where light-walled hollow blanks, such as are required under 
the present operating conditions for the plug mill, are to be pro- 
duced. Steel cast ingots pierced with heavy walls have been 
used in Germany in connection with the plug mill, but this 
practice involves as many as 18 passes in the mill, also reheating 
and sawing of the rolled billets between certain passes in order to 
produce a hot-finished tube of commercial size and quality for 
general use, a procedure which would not be considered economical 
in this country. 

I have been much interested in the authors’ references to the 
expanding process. It is apparent that by means of this process 
a pierced blank with a much heavier wall would be necessary 
for the production of all classes of seamless tubes. This condi- 
tion would be very much more favorable for the use of cast ingots 
for the plug mill, as well as for the pilger mill. It is also apparent 
that by this process, which renders possible the standardization 
of sizes of pierced and rolled tubes prior to the expanding, a 
great deal of equipment, especially that used in connection with 
the pilger process, could be eliminated. I am of the opinion that 


5 Chief Engineer, Seamless Tube Division, Pittsburgh Steel Co., 
Monessen, Pa. Mem. A.S.M.E. 


gives a kilowatt-second equal to C times the weight of billet 
in pounds times the logarithm of the length of pierced billet in 
feet divided by the length of solid billet in feet. The writer's 
understanding is that this expression applies only to the power 
necessary to move the material in the billet itself, irrespective 
of any friction applied in the mill or friction applied by the rolls 
and the plug to the outside and inside surfaces of the tube being 
rolled. 

We have noted that if a piercing point is introduced too far 
into the mill, the power requirement goes up materially, resulting 
from increased friction, caused by a slowing down of the feed of 
the billet, that friction being manifest in increased power per 
pound of billet rolled per minute. 


W. Trinks.’ The writer has noticed that in European mills 
for piercing billets, the angle of the roll is adjustable when look- 
ing at the plan view, whereas it is fixed when looking at the ele- 
vation. In American mills the reverse is true. There must be 
some reason. The writer would like an explanation from Messrs. 
Stiefel and Pugh as to the reasons for this. 

Furthermore, a study of available literature shows that there 
is a difference in the angle of the conical rolls. In some rolls the 
entering angle is large and the leaving angle is small, whereas 
in other rolls the opposite is true. Again, is that something that 
just happens or is there a reason for it? 


sneral Works Manager, Bridgeport Brass Co., Bridgeport, 
Conn. Mem. A.8.M.E 
7 Professor of Mechanical Engineering, Carnegie Institute of 
Technology, Pittsburgh, Pa. Mem. A.S.M.E. 
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Mechanical Properties of Aluminum Casting 
Alloys at Elevated Temperatures 


By R. L. TEMPLIN,! C. BRAGLIO,? anp K. MARSH,’ PITTSBURGH, PA. 


The investigational work described in Part I of the paper includes 
tensile results obtained from “short-time” high-temperature tests 
of ten different aluminum casting alloys and very pure cast alumi- 
num, and for various heat treatments in the case of some of the 
alloys. All the specimens tested were sand cast and include the 
more common commercial casting alloys of aluminum. 

Tensile strength, yield point, elongation in 2 in., reduction in 
area, and Young's modulus calues are given for various tempera- 
tures throughout the range 75-800 deg. fahr. A typical set of 
stress-strain curves are given for one alloy, and detail curves showing 
the effects of temperature on the tensile strength, yield point, and 
reduction in area for all the materials discussed. An average 
curve and formula are given, showing the effects of temperature on 
Young's modulus for all aluminum alloys. 

Data are presented to show how certain effects of temperature 
on aluminum alloys susceptible to heat treatment may be appre- 
ciably modified by still further heat treatment or artificial aging. 
A method is indicated for applying experimental results from a 
single lot of specimens to commercial-product average values, to- 
gether with a complete table of recommended tensile-property values 
at various temperatures for the alloys tested. 

The second part of the paper describes the original heating equip- 
ment, the alternate tests and alterations to equipment to determine 
and improve the temperature uniformity throughout the specimen; 
also the method of measuring the specimen temperatures during tensile 
tests, data being presented to substantiate the reliability of this method. 

Consideration of the results of temperature-distribution tests 
made with the final arrangement of the heating equipment and the 
temperature-measuring equipment used for tensile tests, indicates 
that an accuracy of temperature measurement of plus or minus 
| per cent and a maximum temperature differential throughout 
the specimen of 10 deg. fahr. are obtained. 


Part I‘—Tests and Results 


HE increasing use of cast aluminum alloys in structures 

or machines designed to function at elevated temperatures 

has demanded a better knowledge of the mechanical proper- 
ties of the alloys throughout the temperature ranges obtaining. 
This need has been appreciated by many other investigators, as 
shown by the results appearing in the technical literature,® but a 
careful review of such data emphasizes the fact that in most cases 
the materials tested were non-commercial in this country, the 
methods used were open to serious criticism, or both. This con- 
clusion seems to be in accordance with the findings of the Joint 
Committee of this Society and the American Society for Testing 
Materials, as shown by their symposium® and more recent report.? 


‘ Chief Engineer of Tests, Aluminum Company of America. 

* Testing Engineer, Aluminum Company of America. 

* Chief of Pyrometric Division, Aluminum Company of America. 

* By Messrs. Templin and Braglio. 

* See bibliography at end of Part I of paper. 

* Symposium on Effect of Temperature upon the Properties of 
Metals,” Proc. A.S.T.M., part II, vol. 24 (1924), p. 9. 

’ Progress Report of Joint Research Committee on Effect of 
Temperature on the Properties of Metals, Proc. A.S.T.M., part I; 
vol. 27 (1927), p. 139. 

Presented at the Spring Meeting of the A.S.M.E., Pittsburgh, Pa., 
May 14 to 17, 1928. 
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With all due respect to the valuable work done and planned by 
this committee, the authors are giving the results of their investi- 
gational work, qualifying it extensively by describing in careful 
detail the methods and apparatus used in testing and the treat- 
ment accorded the data obtained. 


PURPOSE AND Score OF THE WoRK 


The work described in this paper had as its purpose the defini- 
tion of the tensile properties of the more common casting alloys of 


Fie. 1 Macuines IN HoLpers 


aluminum throughout the elevated temperature ranges where they 
could be used satisfactorily. Data are given for ten different cast- 
ing alloys, very pure aluminum, and for different heat treatments 
in the case of some of the alloys. In general, the tensile proper- 
ties have been given throughout the temperature range 75-800 
deg. fahr. In nearly all cases tests have been made at still higher 
temperatures, but the range just indicated covers the temper- 
atures of interest to the designing engineer since the structural 
use of the alloys at temperatures above 800 deg. fahr. is not 
recommended. 

The tests made were all of the so-called “short-time” type in 
which the specimen is pulled soon after temperature condi- 
tions have reached a practical equilibrium. Such a type of 
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high-temperature test has limitations, but 
gives a reasonable basis for comparing dif- 
ferent alloys and materially assists in a better 
selection of material for use at the higher 
temperatures. 


MertTHops AND APPARATUS USED 


Before this work was done, much time and 
effort were spent in developing suitable 
apparatus for use in making the 
Particulars of the furnace used, together with 


TABLE 1 


Fig. 2 ExTeEnsoMETER 
Usep in 


the tube is partially closed and carefully 
machined at three points so as to center 
and guide the inner rod. A small taper 
pin is provided to locate the rod and 
tube with respect to each other when 
applying the instrument, so that the lower 
clamps will be 2in. apart. A guide rigidly 


PERCENTAGE CHEMICAL COMPOSITION OF CAST ALUMINUM ALLOYS 


USED IN TEMPERATURE-TENSILE TESTS 


Al 
Alloy Si Fe Cu Mn Ca Mg Zn Sn Ni (by diff 
Pure aluminum, as cast. 0.02 0.02 0.02 = 
No, 43, as cast......... 5.07 0.55 0.22 0.05 
No. 47, modified....... 12.50 0.40 0.13 0.09 
No. 106, as cast........ 0.24 0.50 0.21 1.86 i ere 
No. 109, as cast........ 0.18 0.38 12.10 0.01 ee 5 
No. 112, as cast........ 0.20 1.20 8.02 0.12 0.62 0.30 .... 89.53 
No. 122, as cast........ 0.18 1.12 10.29 0.01 0.22 “2400. 
No. 195, heat treated... 0.75 0.57 4.40 0.02 .... 
No. 196, heat treated... 0.30 0.36 4.60 .... .... 0.28 ... sag te 
No. 142, as cast....... 0.25 0.47 3.96 0.02 .... 1.33 2.30 91.67 
No. 142, heat treated... 0.25 0.47 3.96 0.02 1.33 2.30 91.67 
tests. No. 121, as cast.... 0.25 0.40 12.33 0.95 
a brief description of its development and final calibration, are x = 
given in the second part of this paper by Mr. K. Marsh, who Wh. 42 
was responsible for many of the details of 
the final design, as well as for the electrical 3 
control panel. The tests were all made ‘in z P 
with a 1,000-10,000-lb. capacity Olsen 5 Approx é 2 Apprdx 
wire testing machine, using the smaller (a) 
capacity range whenever possible. Special 
head blocks were fitted to the machine section #9 remain as Cast 
and the extension holders with spherical- 
seat nuts shown in Fig. 1 provided. For \ ah e's 1) 
the stress-strain tests the extensometer 
shown in Fig. 2 was used. The extensom- 25 4-10 Tha 
eter consists essentially of a steel rod be ad- aol 
inside of a steel tube of the same length, (b) | 
with a Y-shaped yoke rigidly attached to 
the lower end of each. The upperend of Fic, 3° Dimensions or Specimens As Cast (a) AND AS MAcHINED 


clamped to the upper end of the top extension holder, is arranged 
so as to keep the instrument in proper position during use without 


restraining it from functioning as intended. 


This device proved 


very satisfactory for the materials tested, although it might not be 
sufficiently sensitive for similar tests of the ferrous metals due to 


their higher modulus values. 


The small clamps and screws at 


Fic. 4 Comptete AssemBLyY oF TesTinG Macuine, Furnaces, ConTrou 


MEASURING INSTRUMENTS, AND EXTENSOMETER 


PANEL, TEMPERATURE- 


| | 
| 
| 
Tests 
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the lower ends of the instrument are made of high-speed steel 
and gave no trouble due to oxidizing or annealing up to temper- 
atures of 850 deg. fahr. The upper part of the instrument is a 
9-in. Riehlé extensometer, one arm of which attaches to the 
outer tube and the other arm to the inner rod of the lower part 
of the instrument. 

The specimens used were sand cast to the dimensions shown in 
Fig. 3(a), then machined to dimensions as shown in Fig. 3()). 
These dimensions conform to the A.S.T.M. standard specimen 
for sand-cast metals. It should be noted that no machining 
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Fie. 5 Test Data or ALLoy No. 109 as Cast 


was done on the reduced portion or gage section of the specimens 
other than to file off occasional projections at the parting line 
of the mold. The specimens were cast under the supervision 
of Mr. R. 8. Archer, at the Cleveland Works of the U. 8. Alumi- 
num Co. From 30 to 40 specimens were cast from the same lot 
of metal under carefully controlled conditions of 
melting, temperature, and casting so as to produce 
as uniform a set of specimens as possible for each 
alloy tested. In some instances such procedure ©. 
gave mechanical properties at room temperature 


——-- 


that were slightly higher than the commercial ,°52° ies 
averages; in others they were slightly lower, but & 

inno case was the deviation serious. Before mak- 825.000} 

ing the tests at the higher temperatures each lot * 


of specimens was carefully analyzed to make sure 4 
. . a 
that their chemical composition closely approxi- + 


| 
mated the nominal composition indicated for 
alloy. The analyses of the specimens tested are 2 
given in Table 1. os 10,000 
In preparing a specimen for testing, the identifi- = a 


cation numbers were stenciled on the ends, the Cann tide 


reduced section was measured, and two sets of 
2-in. gage marks, staggered about '/, in., were 


The approximate time required to heat the specimen to the 
desired temperature was about two hours. Occasionally it was 
necessary to make a slight adjustment of the rheostats so as to 
get the final testing temperature. The specimen was kept at 
the required temperature for about thirty minutes and then 
stressed to failure, the speed of the testing-machine pulling 
head being 0.107 in. per min. After the maximum load on the 
specimen was obtained and the specimen broken, it was removed 
from the furnace and the elongation and reduction of area 
measured. 

For obtaining proportional-limit, yield-point, and modulus 
values the specimen was placed in the furnace with the special 
temperature-tensile extensometer attached to it. Upon reaching 
the proper temperature and remaining constant at that point 
for thirty minutes, stress-strain data were obtained by applying 
uniform increments of load and measuring the deformation by 
means of the special extensometer. The complete assembly 
of testing machine, furnaces, contro] panel, temperature-measur- 
ing instruments, and extensometer is shown in Fig. 4. 

In most instances the tests at each temperature were made in 
triplicate, and the results of each test at a given temperature did 
not vary from the average of the three tests by more than +4 
per cent. This is evidence of uniformity both in the making 
of the specimens as well as in the test conditions. The tempera- 
tures recorded as being those at which the specimens were tested, 
are those obtained from the thermocouples clamped on the speci- 
men, measured with the indicating galvanometer. The record- 
ing instrument was used as a check on the furnace conditions, 
for control purposes, and as a log of the time involved in making 
the tests. 


Discussion OF RESULTS 


The tensile-strength, yield-point, reduction-of-area, and 


placed on it. The specimen was then screwed ° keooor™ 
into the top extension holder and the holder 
held in a bench vise while the “beads” of 
the top and bottom thermocouples were clamped 
on the shoulders of the test specimen. Small pieces of as- 
bestos paper were inserted between the thermocouple beads 
and the clamps to prevent radiation effects from the furnace 
walls. Fig. 1 shows a test specimen in the holders with thermo- 
couples attached. The specimen was then screwed into the 
bottom specimen holder within the main furnace, and the top 
of the main furnace and the top end furnace replaced. The 
thermocouple wires were next connected to the recording instru- 
ments, the line current turned on, and the furnace rheostats 
adjusted, using the ammeter and calibration chart in order 
to obtain the desired temperatures in the main and end furnaces. 


Unit Deformation ,Inches per Inch 


Fic. 6 Srress-Strain Curves For ALLoy No. 109 (as Cast) at VARIOUS 


TEMPERATURES 


elongation values obtained in the case of each set of specimens 
tested were plotted as ordinates against temperature in degrees 
fahrenheit as abscissas. A typical set of such data for alloy No. 
109 is shown in Fig. 5. The stress-strain curves obtained at the 
various temperatures for this same alloy are shown in Fig. 6, 
and are representative of similar data obtained from the tests of 
the other alloys. The yield-point values indicated on the curves 
correspond to the stresses at which the curves have departed 
from the initial modulus line produced by an amount equal to 
0.1 per cent. This value is slightly less than that recommended 
by one of the authors in a recent paper before the American 
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TABLE 2 MECHANICAL ite OF CAST ALUMINI 
DIFFERENT TEMPERATURES 


Alloy 


Pure aluminum 
as cast 


No. 43 as cast 


No. 47 as cast, 
modified 


No. 106 as cast 


No. 109 as cast 


No. 112 as cast 


No. 112 as cast 
and aged! 


No. 142 as cast 


No. 142 heat 
treated 


No. 195 heat 
treated 


No. 195 heat 
treated and 
aged? 


No. 196 heat 
treated 


No. 196 heat 
treated and 
aged* 


No. 121 as 
cast 


Property 
¥.P., tb. per oq. im........ 


Red. of area. 
oung’s modulus" 


T.S. lb. per sq. in 
Y.P. lb. per sq. in 
% Elong. in 2 in......... 
% Med. of 
Young’s modulus X 


Y.P., lb. per sq. in........ 
% Elong. in 2 1n. 
& Red. of area. 


Young's modulus x 


Y.P., 


Ib. per sq. in........ 
Ib. per sq. in. 


Young’s modulus x 


T.S., lb. per sq. in. 

Y.P.. Ib. per sq. in. 

o Red. of area. 

¢ oung’s modulus X 


T.S., Ib. per sq. in... 


% Elong. in 2 in......... 
% Red. of area....... 
Young's modulus X 


Blong. im 2 im......... 
& Red. of area..... 
Young’s modulus X 


% Hlong. in 2 im......... 
% Red. of area......... 

Young’s modulus X 10~*. 


T.S., lb. per sq. in........ 
per sq. in........ 
% Elong. in 2 in.. 

Red. of area. 
Young’s modulus. x 


Y.P., th. per sq. in....... 
long. 
% Red. of area..... 
Young's modulus X 


Y.P., Ib. per sq. in........ 
% Red. of area....... 
Young’s modulus X 


Elong. in 2 in......... 
Q% Red. of area....... 

Young’s modulus X 


per oq. in........ 
Y.P., Ib. per Sq. in. 
QE long. 
% Red. of area....... 
Young’s modulus X 


T.S., lb. per sq. in........ 
Y.P., lb. per Sq. 
% Elong. in 2in......... 
Red. of area. 
Young’s modulus. 


T.S., lb. per sq. in........ 
Y.P., lb. per sq. in........ 
% Elong. in 2 in......... 
Red. of area. 

Young’ s modulus. x 10-6, 


1 Aged 48 hours at 400 deg. fahr. 
2 Aged one week at 400 deg. 


fahi 
* Aged 113 hours at 200 deg. cent. “(392 deg. fahr.). 


Society for Testing Materials.* 


28400 

15000 
0.00 
0.00 

10.0 


26500 


29000 


13000 


tow 
Bett 


CO 


to to 


1.00 
0 


300 


16250 


26300 
20000 
0.50 
0.00 
9.00 


34500 


400 


23500 
14000 
1.00 
1.00 
5.00 


25300 


21000 


It was considered that the use of 


such an empirical scheme for determining this property might 
answer for comparative purposes in the present investigation. 
Similar stress-strain curves were determined for all of the other 
lots of specimens tested, but on account of space limitations they 


have not been included here. 


The curves showing the effects 


8 “Methods for Determining the Tensile Properties of Thin Sheet 
Metals,” by R. L. Templin. Proc. A.S.T.M., part II, vol. 27 (1927), 


p. 235. 


Temperature, Deg. Fahr. 


500 600 
2500 1650 
81.0 99.0 
73.7 89.8 
8400 6100 
5000 4000 
21.2 23.9 
33.9 39.7 
5.00 3.62 
10900 7850 
5000 3500 
14.8 15.0 
15.4 17.5 
3.44 2.80 
12000 7500 
5750 4750 
17.0 25.0 
25.9 33.8 
5.00 4.10 
18900 11500 
7750 5500 
4.38 16.8 
4.09 28.8 
5.00 3.15 
16250 11000 
10750 7250 
1.00 2.50 
0.00 1.94 
4.55 3.00 
7750 12000 
10500 8250 
1.00 2.50 
0.00 1.94 
4.00 3.00 
21250 12850 
11750 9000 
1.50 7.5 
1.18 831 
4.68 4.00 
22100 14900 
16250 10500 
1.00 4.00 
0.00 3.41 
6.67 5.00 
26100 16250 
19000 7000 
1.00 1.00 
0.00 0.00 
5.56 2.55 
18600 9450 
12250 
5.38 16.0 
6.20 26.7 
5.60 4.25 
15675 7550 
12000 _ 6000 
6.17 19.0 
14.4 31.3 
7.00 4.45 
25250 12000 
14000 7000 
3.83 16.0 
6.18 28.6 
4.55 3.35 
19350 12000 
15000 7000 
4.00 16.0 
6.17 28.6 
5.60 3.35 
23450 16700 
11500 
2.50 10.0 
1.17 17.7 
5.00 2.50 


5050 
2500 
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of temperature on the tensile 
strength, yield point, reduction of 
area, and elongation for the other 
alloys are given in Figs. 8 to 21, 
inclusive. In all of these curves 
the points indicated as defining the 
curves are the actual test results 
in every case, but are not in strict 
agreement with the values shown 
in Table 2, as will be explained 
later. 

It was found from the tests that 
the values of the modulus of elas- 
ticity obtained were apprecially 
affected by temperature as wel! as 
by the precision of the extensom- 
eter and the temperature-measuring 
apparatus used. With this in mind 
and after a careful review of the 
modulus values obtained from all 
the tests, it seemed advisable to 
average the values for all the ma- 
terials at each temperature, giving 
the resulting curve shown in Fig 
22. Reference to this curve shows 
that these average values approxi- 
mate very closely a straight line 
which is defined by the formuls 


890 


E = 11,200,000 | 1 — 


in which E = Young’s modulus of 
elasticity in Ib. per 
8q. in., and 
T = temperature in de- 
grees fahrenheit 
throughout _ the 
range 0-890 deg 
fahr. 


From a comparison of the ten- 
sile-strength and yield-point curves 
shown for the various alloys tested, 
it is clearly seen that these properties 
decrease with increasing tempers- 
ture. Certain characteristics of the 
test results obtained from these 
alloys permit them to be divided 
into three groups. The first group 
consists of No. 7A or very pure 
aluminum, and Nos. 106, 47, and 43 
alloys, all of which are low in cop- 
per. The second group consists of 
Nos. 122, 109, and 142 both in the 
“as cast” and “heat treated” condi- 
tions, and No. 121; this group con- 
taining the alloys which are ap- 


parently best suited for use at the higher temperatures and which 


have a higher copper content. 


The third group consists of Nos. 


195, 196, and 112 alloys, and contains those alloys that do not 
follow the general trend of the previous groups in their behavior 
at the various temperatures. Results are also shown for the 
alloys of this group after further artificial aging, whereup0 
the characteristics peculiar to this group as shown in the pre 
liminary tests are largely eliminated. 

In general, the first group of alloys, including the very pur 


= 
> 20 = 700 800 
( 7350 6500 4800 3550 1050 600 
2000 2000 1900 1800 
43.7 56.0 63.2 71.5 97.7 135.0 
55.8 59.0 60.5 67.0 77.6 98.4 
10.0 8.00 7.00 6.75 
19000 17000 14600 11400 4200 2500 
11000 9000 7000 6250 2500 1000 
es 4.75 9.00 12.2 15.6 26.6 32.3 
‘ 4.20 10.5 15.3 21.6 45.4 61.7 
10.0 9.25 8.35 6.44 2.04 1.00 
26500 23850 19050 14250 | | 3100 
10500 10000 9000 7250 1500 
a 7.75 10.5 12.8 13.0 31.0 
i 8.39 10.7 14.6 15.4 31.2 
6 10.0 7.50 5.85 4.58 1.84 
19850 19150 17800 14800 3650 
( 7000 7000 6750 6500 2750 
yng 13.2 12.0 13.0 14.0 33.0 
2 17.3 18.1 19.8 43.1 
10-*. 10.0 6.67 5.85 5.30 1.40 
24500 23900 23100 3200 
14000 | 12000 10000 1500 
1.00 150 1.83 58.2 
ae 0.00 0.00 0.00 1.04 79.6 
j | 10.0 9.20 8.35 7.00 0.70 
i .. 21750 21100 19750 17500 7 3500 
F 12000 11750 11000 10750 2250 
es 1.00 1.00 2.00. 1.00 17.5 
0.00 0.00 2.24 0.00 23.3 
| 10.0 8.30 6.67 5.00 0.83 
; 27500 25000 21500 3750 
: 13750 12500 12000 2500 
0.00 0.00 0.00 17.5 
0.00 0.00 0.00 23.3 
: 8.35 6.67 5.00 0.83 
25500 24750 
20500 18250 Hii 2250 
No. 122 as cast 0.50 0.50 1.00 42.5 
0.79 1.00 1.00 66.7 
10.0 9.10 7.70 1.00 
27650 26800 3600 
23250 21500 18750 1750 
es 0.50 0.50 0.50 17.0 58.5 
0.00 0.00 0.00 19.1 46.9 
; 10.00 9.50 8.20 3.30 1.80 
37150 35750 ME 33000 8250 3200 
«8628500 27500 25000 3000 1500 
1.00 1.00 1.00 1.00 12.5 44.0 
0.00 0.00 0.00 0.00 13.3 39.2 
10.00 8.00 6.67 6.25 1.67 0.83 
31000 29500 30500 33200 4000 2650 
13500 11500 12250. 14250 2750 1500 
7.17 9.00 4.50° 1.67 46.0 71.0 
6.30 8.88 6.90 0.00 52.3 65.0 
10.00 00 7.00 6.67 2.35 0.75 
35800 29800 24700 3800 2650 
24000 20500 18000 2750 1500 
1.75 3.50 4.00 26.0 51.0 
1.76 3.13 6.20 51.1 65.0 
10.0 9.25 8.20 2:15 0.75 
41550 00 32050 39550 4600 2500 
28000 00 16000 Hi 3250 1500 
3.50 50 2.83 1.50 54.0 97.0 
4.48 4.29 0.79 67.8 82.8 
10.00 6.67 5.50 1.50 1.00 
36270 31000 26950 4600 2500 
29000 23000 22000 3250 1500 
1. 50 2.50 5.00 54.0 97.0 
0.00 1.98 5.66 67.8 82.8 
10.00 8.10 7.00 1.50 1.00 
24400 24200 23650 11000 6725 
\ 16000 14000 12500 5500 3250 
1.00 1.00 1.00 17.5 25.5 
0.00 0.00 0.79 26.2 40.5 
10.00 9.25 8.33 6.80 2.00 1.43 


ring 
ind 
the 


all 


aluminum, shows an appreciable effect of temperature on their 
mechanical properties beginning at or near room temperature. 
The second group of alloys does not show such appreciable effects 
until temperatures in the neighborhood of 400 to 500 deg. fahr. 
are reached, after which the temperature effects are rather pro- 
nounced. 

The third group of alloys includes essentially those which are 
susceptible to artificial aging or secondary heat treatment, and 
when the tests of such alloys are made at or near temperatures 
corresponding to their aging temperatures, marked differences are 
observed in the test results obtained. This is very clearly shown 
in Figs. 12, 17, and 19. However, the “kinks” in the tensile- 
strength and yield-point curves for these alloys are almost 
eliminated by artificial aging of the specimens, at suitable tem- 
peratures, subsequent to the initial heat treatment, as shown 
in Figs. 13, 18, and 20. It will be noted that the curves just 
referred to are in many respects similar to those obtained from 
the tests of the second group of alloys previously referred to. 
Specific consideration has been given to these apparent irregu- 
larities in the temperature-tensile curve because they have been 
observed in similar data reported by other investigators, un- 
accompanied by adequate, if any, explanation. The present 
data would appear to emphasize the necessity for further tests 
of metals that show similar characteristics when tested at ele- 
vated temperatures. 

In applying the results obtained from the tests just discussed 
to commercial product of the same nominal composition, a 
procedure was followed that appears to be somewhat different 
from any hitherto indicated by other investigators. From the 
results of many routine tests—in some cases thousands—obtained 
from the control laboratories of our casting plants, average values 
for the tensile properties of a given alloy were obtained. These 
values were accepted as representative of the various alloys, 
and are indicated in Table 2 as being the properties at 75 deg. 
fahr. or room temperature. The tensile properties obtained 
from the results of the investigational work on the representative 
lots of specimens for each alloy were then replotted in the form 
of ratio curves to show the ratio of the property at a given high 
temperature to that of the same property at room temperature, 
expressing the result as a percentage value. For example, the 
tensile strength of a given alloy as determined from the experi- 
mental tests at 500 deg. fahr. may have been found to be 80 
per cent of the tensile-strength value for similar specimens from 
the same lot tested at room temperature. In order to obtain a 
satisfactory value for tensile strength for the commercial run 
of material of this same alloy, at 500 deg. fahr., the average 
tensile strength obtained from routine commercial tests has been 
multiplied by 0.80 to obtain the desired value. This procedure 
has been followed in the case of each material tested, for the 
various temperatures indicated, and the results are given in 
Table 2. It will be observed upon comparing the values in 
this table with the actual test results obtained in the curves, 
Figs. 5 to 22, that no serious discrepancies occur. Furthermore, 
the values indicated in Table 2 are those recommended for con- 
sideration in determining the suitability of the various alloys for 
use at temperatures ranging from 75 to 800 deg. fahr. 

In using the data given in Table 2, it must be remembered that 
these values were obtained by the “short-time” method and 
therefore may not be in strict accordance with similar mechanical- 
property values that would be found when using a greater time 
factor during testing. In selecting actual design values for the 
different alloys considerable engineering judgment in choosing 
proper safety factors is necessary when using mechanical-property 
values obtained from the short-time tests. ‘The values indicated, 
however, would appear to furnish a reasonable basis for comparing 
the various alloys investigated. 
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T the specimen being subjected to the test, and in other cases 
it is doubtful if the temperature of the specimen is correctly 

10.0x10° measured. 

x The Technical Direction Bureau of the Aluminum Company of 
S 8.0.10° NN. America has conducted a large number of tests to determine the 
‘ a. effect of temperature on the tensile properties of aluminum and 
} ‘ aluminum alloys, the results of which have been given in the 

— 60x10 
5 ® tag first part of this paper. Before commencing these tests much 
: | time and thought was given to the construction of suitable 
or | | 7, | heating equipment, and on testing it to determine the temperature 
2. E=//,200, 200 f/- x0) uniformity of the specimen and the accuracy of the measurement 
£ 20 10° t <= of specimen temperatures, and this Part II has been written ‘« 

~ a substantiate the data presented in the first part of the paper. 

100 70 400. 500 600 700-800 Also, since entirely satisfactory results were not obtained 
with the apparatus originally constructed, a brief description 
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Part I1°—Design and Testing of the 3 
Heating Equipment, and Method of __ 
Measuring Specimen Temperatures 


ONSIDERABLE discrepancy seems to exist 

between the data on the physical properties 
of metals at elevated temperatures as pub- 
lished by several independent investigators. There 
are undoubtedly several reasons for this, but from 1 
a consideration of the apparatus used as described 
by some of the investigators who have published 
data, it seems quite possible that one cause_is | ue 


< 


----§8 “heating 


of the preliminary tests and alterations to the apparatus has bev: 
included in order that some of the possibilities of adverse e«1- 
ditions may be realized by others. 

The original furnace was constructed in the fall of 1923 and was 
arranged for the use of an oil-bath heating medium for moderate 
temperatures and a salt-bath medium for higher temperatures 
The general arrangement of the furnace and bath container js 
shown in Fig. 23. 

Before the furnace was placed in service it was desired to mak: 
certain tests to determine the relation between the specimen 
temperature and the bath temperature, and the temperature 
uniformity throughout the specimen. 

In order to determine the temperature uniformity throughout 
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the specimen, three thermocouples made up of No. 20 B. & S. 
gage iron-constantan asbestos-insulated thermoelement wire 
were inserted in the specimen as shown in Fig. 24(a). Three 
diametrical holes !/, in. in diameter were drilled through the 
specimen, one in each shoulder and one at the center of the 
reduced section, and in addition three radial holes were drilled 
perpendicular to them. The asbestos-insulated thermocouples 
were threaded through these diametrical holes until the hot junc- 
tion was at the center of the specimen, care being taken to keep 
the asbestos insulation intact so that it would extend inside 
the surface of the specimen. In this manner the thermoelements 
were prevented from touching the specimen except at the hot 
junction, and they were protected from the higher-temperature 
atmosphere around the specimen. When the hot junction of 
each couple was properly centered, a soft aluminum rivet was 
driven into each radial hole so as to press the hot junctions firmly 
against the metal of the specimen and thus make good thermal 
contact with it. 

It was felt that with the specimen thermocouples inserted 
in this manner, the temperature of the hot junction of the ther- 
mocouple—which is the temperature actually measured—would 
agree with the temperature of the center of the specimen at 
that point to within a small fraction of 1 deg. fahr. The 
thermoelement wire was of relatively small cross-section and 
therefore of small mass; the hot junction was small, only suffi- 
cient silver solder being used to securely connect the two elements; 
the asbestos insulation reduced the heat flow from the hotter 
medium surrounding the specimen to the thermoelement wires, 
and therefore reduced the conduction of heat along the elements 
to the hot junctions; good thermal contact between the hot 
junction of the thermocouple and the specimen was obtained; 
the asbestos insulation practically sealed the ends of the dia- 
metrical hole in the specimen and thereby eliminated any circu- 
lation of the heating medium around the hot junction. No 
actual tests were made to determine how closely the thermo- 
couples measured the temperature of the specimen at the points 
of insertion, but from a consideration of the methods used and 
precautions taken, it is believed that any one familiar with 
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accurate temperature measurements will agree that the temper- 
ature of the hot junction and of the specimen probably did not 
differ by more than a small fraction of 1 deg. fahr. 

Previous to these tests the thermoelement wire was calibrated 
at the freezing points of tin, zinc, and aluminum. 

Since it is impossible to drill a hole for a thermocouple at the 
center of a specimen to be pulled, and impractical to insert 
thermocouples in the shoulders of each specimen, it was highly 
desirable that some other means of measuring the specimen 
temperature be devised. It was decided to clamp a couple 
against the shoulder of the specimen and compare the tem- 
peratures as measured by the clamped-on couple with the tem- 
peratures measured by a couple inserted in the same shoulder as 
described above. A thermocouple was made up of the same 
thermoelement wire as used for the inserted couples, namely, 
No, 20 B. & S. gage asbestos-insulated iron-constantan wire. 
After being soldered, the hot junction was slightly flattened by 


tapping it lightly with a small hammer. A small band or clamp 
was made of two pieces of about No. 14 gage sheet steel '/, in. 
wide and held together by two screws. In clamping the couple 
to the specimen, the hot junction was laid against the specimen 
and a piece of asbestos paper placed between the steel clamp 
and the hot junction. Fig. 24(b) shows the method of clamping 
the couple to the specimen. 

It was found that the clamped-on couple agreed almost ex- 
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actly with the inserted couple, the difference being less than 
0.5 deg. fahr. as measured on a precision potentiometer. 

The first few tests were made with the specimen heated in air 
and later in an oil bath. No tests were made with the specimen 
in a salt bath due to the practical impossibility of protecting the 
couples from the bath. 

Surprisingly good temperature uniformity throughout the 
specimen was obtained when the specimen was heated in air. 

Accordingly, since the use of an oil or salt bath is attended 
with considerably greater risk to the operator, and the manipu- 
lation of the apparatus is considerably more complicated and the 
fracture is obscured with oil or salt, it was decided to eliminate the 
use of an oil or salt bath and employ a heating medium of air 
only. The bath holder with the stuffing box on the bottom end 
as shown in Fig. 23 was therefore removed. 

After this furnace was placed in service, it was soon learned 
that a specimen pulled at a sufficiently high temperature to 
give an elongation of 100 to 150 per cent in two inches was 
subjected to considerable cooling as the top of the specimen was 
drawn toward the top of the furnace. The reason for this was 
obvious. In test 5 (see Fig. 25), with a constant specimen tem- 
perature of 910 deg. fahr., the temperature of the air surrounding 
the specimen was about 100 deg. fahr. higher than the specimen 
temperature. The conduction of heat along the specimen 
holders was so great that a temperature differential of 100 deg. 
fahr. between the specimen and the surrounding air was necessary 
before the heat transfer from the air to the specimen and specimen 
holders equaled the heat loss through the holders. 
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The data from test 5, Table 3, show the relation between the 
temperature of the specimen, holders, and the furnace atmos- 
phere. 

It was believed that the temperature at the center of the 
specimen would be affected as well as the temperature of the 
top shoulder, and as such a condition would be highly undesirable, 
particularly since the temperature at the center of the specimen 

- was not measured, it was decided that such alterations to the 
equipment as were necessary should be made to eliminate these 
conditions. | 

A radiation shield consisting of a sheet-iron cylinder with 
open ends was tried out with the hope of producing a more 
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Test 12 


uniform temperature, but without success as shown by test 
8, Fig. 25. 

After considerable study it was decided to provide additional 
heating elements around those parts of the specimen holders 


TABLE 3 DATA FROM TEMPERATURE-DISTRIBUTION TESTS 
(Specimen temperatures are printed in bold-face figures.) 
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that extended beyond the ends of the main furnace in order 
that the heat conducted along the holders and dissipated into 
the air and the heads of the testing machine could be absorbed 
from the additional heating elements, or ‘‘end heaters’ as they 
were subsequently termed, instead of being drawn from the 
specimen and the atmosphere surrounding those parts of the 
holders in the main furnace. For this purpose two Type 70-3 
multiple-unit electric furnaces with a rating of 2.3 amperes on 
220 volts were obtained and placed around the holders at the end 
of the main furnace. 

B& No assembly drawing or photograph of the main furnace us 
originally constructed or with the end heaters is available, but the 
external appearance is practically the same as shown 
in the photograph of the final arrangement, Fig. 4. 

Subsequent to the addition of the end heaters, fur- 
ms ther tests were made using the three inserted couples 
and the one clamped-on couple for measuring the speci- 
men temperatures, together with several additional 
couples to measure the temperature of the holders 
and the furnace atmosphere. The couples in the 
holders were made up in the same manner as the couples 
inserted in the specimen, and were inserted in the 
holders in the same manner except that No. 6 iron ma- 
chine screws instead of rivets were used to press the hot 
junctions against the interior of the holders. 

These tests, of which test 12 (see Fig. 25) is typical, 
showed that conditions had been considerably improved 
but that there was still a considerable drop in tempera- 
ture along the specimen holders between the ends of 
the specimen and the ends of the main furnace, even 
though the temperature of those parts of the holders 
in the end heaters was nearly up to the specimen 
temperature. This was attributed in part to the fact 
that the heating elements in the main furnace extended 
over a length of only 8 in., whereas the heating cham- 
ber was 13'/, in. long, with the result that there was | 
considerable length between the ends of these heat- 
ing elements and those in the end heaters. The main 
furnace was then reconstructed; the principal changes, 
shown in Fig. 26, consisted of spreading the same 
heating element out over the length of three refrac- 
tories instead of two as shown in Fig. 23, reducing 
the space between the bottom of the cover and top of 
the furnace, and replacing the sheet-steel tops and bot- 
toms of cover and furnace with asbestos board. ‘The 
specimen couples were not changed, but those in the 
holders were relocated and additional couples inserted. 

Fig. 27 shows diagrammatically the arrangement of 
the two end heaters and the main furnace, as well! as 
the relocation of the thermocouples in the specimen 
and holders. 

The addition of the end heaters increased the amount 
of controlequipment required, and in order to facilitate the opera- 
tion of the furnace, a control board was designed and constructed. 
Fig. 28 shows the wiring diagram of this control board, and in- 
dicates the apparatus mounted thereon. 


Temp. 
diff. 
Couple No. throughout 
Test Fig. — Temperature, Deg. Fahr. ~ specimen, 
no. no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 deg. fahr. 
5 25 433 547 695 848 908 910 904 829 640 468 911 714 1011 739 ue an ase 6 
8 25 448 563 719 866 924 924 914 839 650 470 929 768 1021 ee eee wen 10 
12 25 864 795 818 879 914 918 917 891 848 950 (a) 786 972 808 1199 1220... ons 4 
13 27 291 283 287 294 298 298 296 294 290 294 300 298 381 276 305 314 286 376 4 
14 27 605 571 580 600 614 616 610 604 595 604 631 616 697 554 621 636 580 705 12 
s 15 27 668 588 567 571 579 582 580 580 582 626 700 582 770 522 576 591 549 781 2 
16 27 1106 930 892 908 928 934 930 928 931 1016 1171 934 1153 842 926 943 892 1213 6 


(a) Clamped-on couple short-circuited in this test. 
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The heating element in the main furnace was divided into two 
sections, so arranged that they could be connected in series or 
parallel. The two end heaters were also arranged so that they 
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could be connected in series or parallel. One rheostat for the 
main furnace and one for the two end heaters were mounted on 
the board. 

Following the last-mentioned changes to the furnace and the 
construction of the control board, further tests were made. 
The current through the main furnace was adjusted to give 
the desired specimen temperature, but the current through the 
end heaters was adjusted to produce and maintain different 
conditions in an effort to determine which method of control 
would produce the most uniform temperature throughout the 
length of specimen and those parts of the holders in the main 
furnace. During the first test of this series, No. 13, the current 
through the end heaters was adjusted to make the temperature of 
the specimen holders in the end heaters as measured by couples 
1 and 11 (see curve sheet, Fig. 27) agree with the specimen 
temperature of 296 deg. fahr., couple No. 7. However, it was 
found that the temperature of No. 1 couple was above and that 
of No. 11 couple below the specimen temperature, and accordingly 
since only one of these could be made to agree with the specimen 
temperature, test 14 was run with the current through the end 
heaters adjusted to make couple No. 1 agree with the specimen 
temperature of 610 deg. fahr. As can be seen from the curve 
for test 14 (Fig. 27), there was considerable drop in temperature 
along that part of the specimen holder within the main furnace 
from the specimen end toward the end of the main furnace, and 
the differential throughout the specimen was 12 deg. fahr. It 
was decided that it would be more desirable to have a more 
uniform temperature along those parts of the holders in the main 
furnace, and accordingly in test 15 (Fig. 27) the current through 
the end heaters was controlled to make the temperature at couple 
No. 9 agree with the specimen temperature, couple No. 7. The 
maximum temperature differential between the three couples 
inserted in the specimen was only 2 deg. fahr., while the maximum 
differential throughout the specimen and that part of the holders 
within the main furnace was only 15 deg. fahr. 

Test 16, Fig. 27, was a repetition of test 15, but with a specimen 
temperature of 900 deg. fahr. The temperature differential 
throughout the specimen was 6 deg. fahr., and throughout the 
Specimen and those parts of the holders within the main furnace 
was 42 deg. fahr. 
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One set of readings from each test referred to, taken after 
temperature equilibrium had been reached, is given in Table 3. 

After careful consideration it was decided that the best method 
of operating the furnace would be to regulate the current through 
the end heaters to make couple 9 agree with couple 7, or since 
couple 7 could not be used when the specimen was being pulled, 
to make No. 9 agree with the average of the temperatures as 
measured by couples clamped to the top and bottom shoulder 
of the specimen. 

A comparison of the temperatures as measured by couple No. 6 
which was inserted in the top shoulder of the specimen and by 
couple No. 12 which was clamped to the top shoulder of the speci- 
men, shows that the clamped-on couple can be relied upon to 
measure the temperature of the specimen. The addition of the 
end heaters and reconstruction of the main furnace reduced the 
temperature differential between the specimen and the surround- 
ing air from 115 deg. fahr., to less than 20 deg. fahr. This 
condition would tend to make the clamped-on couples more 
reliable, since no part of the couple near the hot junction is 
exposed to a temperature very much greater or less than the 
temperature of the hot junction. 

The results of tests 13, 15, and 16 indicate that for specimen 
temperatures as high as 925 deg. fahr. a temperature differential 
throughout the specimen not to exceed 6 deg. fahr. may be ex- 
pected, and that the temperature of the top end of the specimen 
should not drop appreciably as it is being pulled, even when the 
specimen temperature is such as to produce large elongations. 

During the actual pulling of specimens, only a relatively few 
couples can be used, and after due consideration it was decided 
to use one couple in each of the end heaters and the main furnace 
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to measure the atmospheric temperatures. In addition to 
these furnace couples, a couple was inserted in the bottom holder 
in the same position as couple 9 in tests 13 to 16. Since 
the bottom holder did not have to be removed to insert or re- 
move a specimen, a couple could be permanently mounted in the 
bottom holder without interfering with the operation of the 


equipment. Two couples to be clamped to the top and bottom 
shoulders of each specimen pulled were also provided. 


The cold junctions of all six thermocouples were inserted in a 
thermos bottle, and all couples were connected to a sensitive 
indicating deflection-type pyrometer by means of a selectorswitch. 
In addition to the indicating pyrometer, a recording pyrometer 
was connected to the couple in the bottom holder and the two 
clamped-on couples; this not only provided a permanent record 
of the pertinent temperatures, but showed the trend of the 
temperature curves and enabled the operator to better adjust the 
rheostats. 

During tests 14 to 16, a record was kept of the current required 
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through the main furnace and through the end heaters to produce 
the desired conditions at the several different temperatures, and 
from the data obtained, curves were drawn to show the current 
required in both circuits to maintain any desired specimen 
temperature. These curves, although not satisfactory for the 
final adjustment of the rheostats, enable the operator to adjust 
the rheostats approximately correctly without undue hunting. 

The complete equipment, consisting of the furnace, control 
board, and pyrometric equipment, was set up and turned over 
to the laboratory with the following recommendations: 


After the specimen is mounted in the furnace, the temperature 
of the specimen should be brought to the desired temperature as 
closely and quickly as possible, and with as little hunting as possible. 
The temperature of the couple in the bottom holder should be made 
to agree with the temperature of the specimen to within +3 deg. fahr. 
The specimen should be allowed to remain at temperature equilibrium 
for at least 20 minutes before the pull is started. Temperature 
equilibrium is defined as a rate of change in temperature of less than 
2 deg. fahr. in 10 minutes or 12 deg. per hour. The temperature 
of the top and bottom shoulders of the specimen and the temperature 
of the bottom holder as shown by the indicating pyrometer at the 
beginning and end of the pull should be recorded. 


The relatively fine-gage iron-constantan couples used in this 
equipment, the same as those used in the tests, are not satis- 
factory for long use, but the thermoelement wire is relatively 
inexpensive, even with the asbestos insulation, and it is a simple 
matter to make up new couples and install them. 

The bureau staff believe that they are measuring the tem- 
perature of each specimen pulled with an accuracy of at least 
+1.0 per cent, and that the maximum temperature differential 
throughout the specimen during routine tests does not exceed 
10 deg. fahr. 

The apparatus as described above was designed and used 
for the testing of aluminum and aluminum alloys which have a 
high coefficient of conductivity for heat. The high conductivity 
was undoubtedly of considerable advantage and instrumental 
in securing a low temperature differential throughout the speci- 
men. Table 229 on page 213 of the Smithsonian Physical Tables, 
7th revised edition, gives the coefficient of conductivity for alu- 
minum at 18 deg. cent. as 0.514, and for 1 per cent carbon steel at 
18 deg. cent. as 0.108. The bureau staff would not expect to 
obtain as good results with steel in this furnace as they do with 
aluminum, and considerable further alteration might be necessary 
to produce equitable results with steel specimens. 

A similar investigation of all furnaces used for this purpose to 
determine the temperature uniformity throughout the specimen 
and the accuracy of measurement of specimen temperatures 
would do much to substantiate the data obtained by independ- 
ent investigators and make their data much more com- 
parable. 

Acknowledgment is made to Mr. J. K. Miller, Jr., for his 
assistance in conducting the many preliminary and final tests 
of this apparatus. 


Discussion 


J. M. Lessexus.° The method described in this paper of 
measuring elastic extensions is novel, but experience indicates that 
it would not be suitable for materials like steel with higher modu- 
lus values. This of course has been realized by Mr. Templin, 
and he has made remarks accordingly. This point, however, is 
worthy of emphasis. 

A further point of interest is in Fig. 6. The writer would 
suggest that the authors include the temperatures on the curves, 
because the curve for 200 deg. fahr. has not been shown. 


10 Engineer in Charge of Mechanics Section, Research Dept., 
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The ‘‘kink”’ in the tensile and yield-point curves for alloy 112 as 
cast and for alloys 195 and 196 as heat-treated are interesting. 
Mr. Templin comments on the fact that such phenomena have 
been observed by other investigators but have not been explained, 
yet he does not explain these peculiarities himself. It would 
be very interesting to have more comments on this phase of 
the work because it should be noted that the alloys giving these 
peculiarities are all high in copper. Possibly the phenomena are 
due to release of residual stresses, due to structural changes during 
the aging process, and one would expect great changes in the form 
of the tensile-test diagram after this aging. It should also |e 
noted that alloy 122, also high in copper, does not show these 
peculiarities, therefore such cannot be due to copper alone. 

With the fine furnace equipment used in these tests it is to be 
regretted that the results of duplicate tests were not given. Men- 
tion is made by the authors of the fact that this variation was 
+ 4 per cent, but it would have been interesting to see all the 
values plotted. 


P. G. MecVerry." The authors of this paper are to be con- 
gratulated upon the manner in which they have developed the 
apparatus, conducted the tests, and presented the results. ‘The 
writer was particularly impressed by the details of furnace design 
given by Mr. Marsh. The use of end heaters to reduce the tem- 
perature gradients within the furnace is undoubtedly an excellent 
method of securing a more uniform temperature in all parts of 
the test specimen. 

We also have found that a thermocouple held firmly against the 
surface of the specimen gives fairly satisfactory results. 

Mr. Marsh has mentioned the fact that the high thermal con- 
ductivity of the aluminum alloys tested has helped to decrease 
the temperature differential throughout the specimen. ‘This 
emphasizes a point which is often neglected, namely, that the 
same furnace is not equally satisfactory for all materials. 

There is one other factor that the writer would like to mention 
and that is the part played by the low modulus of elasticity of 
aluminum alloys in making the results more consistent. ‘This 
modulus is very low at the higher temperatures, and as a result 
the deformation for a given change in stress is large. On this 
account the changes in length due to temperature fluctuations 
become relatively unimportant. If the same apparatus which 
has been described were used in testing alloy steels of the type 
adapted to high-temperature service, it would be found desirable 
to hold the temperature during the test within even closer limits 
We have found that the results are much more affected by temper- 
ature fluctuations during the test than they are by small temper- 
ature gradients within the specimen. 

The writer agrees heartily with Mr. Marsh that a similar study 
of the furnaces used by different investigators would aid mate- 
rially in explaining the discrepancies found in comparing results 
obtained by different laboratories. 


O. W. Exuts."* The authors have called attention to the speed 
of testing, particularly in the case of those alloys which can be 
age-hardened. The test samples, according to the paper, were i! 
all cases kept at the required testing temperature for 30 min., 
and were then stressed to the point of failure, the speed of testing 
being 0.107 in. per min. The writer would be interested to know 
if any tests were made in which the test sample was kept for 4 
longer time than 30 min. at the testing temperature or in which 
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12 P. G. McVetty and N. L. Mochel, ‘‘Tensile Properties of Stain- 
less and Other Alloys at Elevated Temperatures.” Trans. A.S.5.T., 
vol. XI, p. 100 (1927). 
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the test sample was pulled at slower speeds. The following possi- 
bilities come to mind: (1) The complete precipitation of solute 
compounds during a longer period of time than 30 min. prior to 
test, or (2) the complete precipitation of such compounds during 
the actual testing operation; this, however, occupying a longer 
period of time than usual, owing to the use of a testing speed of 
less than 0.107 in. per min. The question arises, what would 
be the effect of such precipitation prior to or during the test 
on the test result? It seems likely that as a result of the com- 
plete precipitation of the solute constituents prior to or during 
test, certain of the kinks which characterize the curves of the heat- 
treated alloys would be completely ironed out. 

Mr. Archer, of the Aluminum Company of America, while 
discussing with the writer the possibility of using certain alu- 
minum alloys as bearing metals, referred to a fact which is of 
considerable interest in this discussion, i.e., that aluminum 
bearings tend to seize on steel shafts very readily. He offered 
as an explanation of this phenomenon the relatively high affinity 
of aluminum and iron, an affinity which is considerably greater 
than that of iron for either tin or lead. Recently a paper was 
presented at one of the meetings of the Royal Society (Proc. Roy. 
Soc., 1927, 115 (A), 472) in which the rapid rusting both of 
lubricated and unlubricated steel parts in firm and close contact 
and moving slightly relative to one another was discussed and ex- 
plained. In this paper Tomlinson, the author, says: 

“The most probable explanation of the effect which suggests 
itself is that it is a result of molecular cohesion. When two 
solids touch, the forces between the molecules or at least some of 
the molecules are sufficiently high to cause the molecule to be de- 
tached by a lateral movement. It seems certain that the force 
between two molecules which approach and recede normally is 
definitely smaller than the forces holding either molecule to the 
solid. Experiment E in which the relative motion is always 
exactly normal to both surfaces shows this, and all experience with 
ball bearings proves that the rusting effect does not occur with 
pure rolling. The nature of the bonds between the molecules 
appears to be such that the cohesive force of a visiting mole- 
cule is quite insufficient to pluck the molecule out normally, but 
is sufficient to detach it from the solid when applied tangentially. 
This suggests the view that the boundary molecules, by virtue of 
their unsymmetrical position, have a considerable degree of 
orientation, so that an external tangential force is able to disturb 
the initial equilibrium so much that individual molecules as dis- 
tinct from finite particles can be wrenched away. To use a crude 
analogy, a tooth is more easily uprooted by a side pull than by a 
normal pull. The molecules so detached combine very quickly 
with oxygen molecules from the atmosphere.” 
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Stress is here laid on the ready combination of the detached 
molecules of iron with the oxygen of the atmosphere. When 
contact is made, as in bearings, between steel and aluminum, 
which is of all the commoner metals that most readily oxidized, 
the formation of a large amount of aluminum oxide can, under 
certain conditions of service, readily occur. On the one hand is 
the fact that there exists a film of oxide on the metal to start with; 
on the other, the possibility that relative movement could increase 
the amount of this oxide in the manner hinted at by Tomlinson. 
The speaker therefore is of the opinion that the affinity of alum- 
inum for iron per se cannot account for the ready seizure of the 
two metals as in bearings, but that the affinity of aluminum for 
oxygen must be considered as of equal importance in determining 
bearing failures in which aluminum alloys play a part. There is 
no reason, however, why these alloys should not sooner or later 
be used in this connection. We have to find out how to use them 
on the one hand and where to use them on the other. 


F. M. Braver.'* Three or four months ago, the Ordnance 
Department found a metal that was light, yet with physical 
properties that would permit its use in mobile anti-aircraft 
mounts. After spending considerable time in investigations, 
analyzing numerous tests, and consulting engineers and other 
experts, a metal having specifications known as No. 195, heat 
treatment No. 4, was found, which with but a few modifications 
would be adaptable. Six per cent elongation, 13,000-Ib. per sq. 
in. yield point with 28,000-lb. per sq. in. ultimate, was estab- 
lished. Further than that an order was placed for this metal to be 
used in very important components of gun carriages. It may 
appear singular that the department should introduce a metal 
of this kind and put it into a gun carriage; however, there was no 
hesitancy in so doing, and we afe firmly convinced that not only 
these components, but that in the near future other parts, will be 
changed over from cast steel having a 30,000-lb. yield point and 
70,000-Ib. ultimate, to aluminum-alloy casting No. 195. 

Not only are the specifications as to physical properties care- 
fully checked, but also an actual test is made and each member 
subjected to a load equal to that which will produce a fiber stress 
of 80 per cent of the strength of the metal at the yield point. 


A. W. France." The writer would be interested to know if 
any experiments have been conducted on aluminum alloys for 
possible use as piston or packing rings at high temperatures where 
copper alloys and cast iron no longer serve satisfactorily. 

14 Watertown Arsenal, Watertown, Mass. 

16 President, France Packing Co., Philadelphia, Pa. Mem. 
A.S.M.E. 
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Sheet Rolling 


By LEON CAMMEN,! 


In this paper, after distinguishing between strip and sheet, and 
between hot and cold rolling, the author points out that mills are 
today rolling to surface specifications which would have been con- 
sidered impossible five years ago, and that barring certain contin- 
gencies, stricter specifications may prevail in the near future. In 
the course of his treatment of the subject he describes the continuous 
process of sheet rolling, temperature and labor, roll life, engineering 
economies of the sheet-rolling business, rolling with heating be- 
tween passes, sheet rolling in Germany, sheet and roughing mills 
of the future, the price problem, etc. In the author’s opinion the 
economic side of the industry will have to be reorganized along 
lines which have proved successful throughout the entire American 
industry; and this will be in the direction of reduction of the 
number of plants and concentration of output in larger and better- 
equipped units capable of meeting the strenuous specifications of 
today in an economical manner and by those knowing enough 
about their costs to demand a fair price for their products. 


beings. Thus, we hear of the birthday of an industry, its 

silver anniversary, and the like. The art of sheet rolling is 
said to have originated in England in 1728. This would give 
this art an age of over two hundred years. An analysis of its 
present development would give it a mentality of twelve years as 
applied to steel, and probably around eight or nine years as ap- 
plied to copper and brass. 


I: IS COMMON to speak of industries as if they were living 


SHEET AND STRIP 


In the rolling of sheets several distinctions are made which it 
is well to understand from the beginning. In the first place, a 
distinction is made between sheet rolling as such and strip rolling. 
The difference lies in the fact that in sheet rolling proper pieces of 
comparatively small lengths are produced, not in excess of 20 ft. 
asa rule, and usually varying from 96 to 144 in. In strip rolling 
very long pieces, up to 2000 ft. or even longer, are produced. A 
further distinction which held good formerly was that strip was 
supposed to be rolled in comparatively limited widths and varied 
from what is known as flat wire, say, '/, in. wide, up to about 24 
in. in width. Sheet was rolled from that width up to 48 in. as a 
regular commercial product, and 64 in. as specialties. This dis- 
tinction has been largely done away with by the recent develop- 
ment of so-called wide-strip rolling by which sheet is produced 
today in widths up to 42 in. and could be produced in greater 
widths if commercial requirements could justify the very large 
expenditure involved. Technically, therefore, the difference 
between strip and sheet in the matter of width may be considered 
to be completely done away with. 


“Hor” anp 


The next distinction made is between hot and cold rolling. 
This is a very important distinction, which makes it all the more 
unfortunate that the terms are entirely misunderstood in the 
trade. As improperly used today, rolling at temperatures in ex- 
cess of, say, 1000 deg. fahr., is described as hot rolling, while by 
cold rolling is understood rolling where the metal entering the 
rolls is at a temperature somewhere between 100 and 200 deg. 
fahr. This is, however, an entirely improper description, and, 
for example, C. B. Francis and J. M. Kemp (‘‘Making, Shaping, 


Consulting Engineer. 
Presented at the National Meeting of the A.S.M.E. Iron and Steel 
Division, Chicago, Ill., November 14 and 15, 1928. 


NEW YORK, N. 


and Treating of Steel,’ 4th edition, p. 959) show that all rolling 
below the critical point (1290 deg. fahr. for the usual low-carbon 
steel) is cold rolling. This not only follows from the definition of 
hot rolling but is shown by the result. Steel rolled above the 
critical temperature, as, for example, in rail manufacture, when 
finished is strong and lacks the brittle hardness induced by cold 
working. It can therefore be subjected to its usual service 
stresses, among them shock stresses, without annealing. On the 
other hand, the so-called hot-rolled sheet as it finally comes out 
of the rolls has the coarse, elongated-crystal structure and brittle 
hardness distinguishing cold-rolled products and cannot be used 
for shaping or drawing without a preliminary anneal. 


SURFACE SPECIFICATIONS 


A further distinction must be made, and that is between sheet 
specified to show a good surface and sheet where only the drawing 
qualities, strength, or the like, have to be produced. In a way, 
as will be shown later, there is no reason why all sheet should 
not be rolled to a good, clean surface. Actually, however, the 
requirements of modern specifications for certain classes of goods 
as regards surface are so stringent that the most elaborate pre- 
cautions have to be taken to produce the desired kind of surface. 
Suffice it to mention as an illustration that a case is known where 
sheet was disqualified as to surface conditions because the roller 
inadvertently dropped a bit of cigarette ash while the piece was 
going through the rolls. The modern methods of painting, par- 
ticularly as applied to such products as steel furniture and auto- 
mobile bodies, are also such as to bring out the slightest defect in 
surface conditions. The result of this is that mills are rolling 
today to surface specifications which would have been considered 
absolutely impossible only five years ago, and all indications are 
that, unless new methods of painting and japanning are dis- 
covered, even stricter specifications than prevail today will be 
insisted upon and most likely obtained by the large purchasers. 

There is still another distinction, namely that between sheets 
on which the manufacturer makes profit and those on which he 
loses money. But this, like the matter of one’s religion, is a 
subject which can be discussed only between the maker of the 
sheets and his stockholders. 


CONVENTIONAL SHEET ROLLING 


In the rolling of ordinary sheets (i.e., not strip sheets) of plain 
carbon steel (which means between 0.06 and 0.12 per cent), 
the customary cycle of rolling is as follows: A sheet bar is se- 
lected such that the length is equal to or slightly in excess of the 
width of the finished sheet. The width is usually 8 in., although 
12-in. bars are sometimes used. The thickness of sheet bar is 
such as to give the necessary weight of the sheet, and usually 
varies from about 0.75 to 1.25 in., although of course lighter and 
heavier sheet bars are used for specialties. The sheet bars are 
heated to the selected rolling temperature, which may vary from 
1550 to 1750 deg. fahr., in what is known as a “‘pair’’ furnace, so 
called because the sheet bars are taken out of it in pairs. When 
the bars have reached the proper temperature, the control of 
which is in charge of the heater, a pair of them are taken out by 
an attendant and dragged over by tongs to the roughing mill. 
The roughing mill is attended by two men, the roller and catcher. 
The former grabs one of the bars by tongs and feeds it into the 
mill. The catcher, standing on the other side, catches the 
piece and lifts it to the top of the roll, with the result that it rolls 
back to the roller. In the meantime the roller passes the second 
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bar of the pair into the mill, so that for a while pieces of hot 
metal travel one through the rolls from the roller to the catcher 
and another over the top roll from the catcher to the roller. All 
of this is done with great rapidity, which is necessary in order to 
get as much rough rolling done as possible before the pieces become 
too cold, and requires great skill as well as strength, muscular 
endurance, and ability to withstand conditions which would lead 
to pulmonary and blood circulatory diseases in any one but those 
physically qualified for this kind of work. A combination of all 
these qualifications, together with the desire to do heavy muscular 
work, is not common in American labor and has to be paid for 
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Fic. 1 Turee Meruops or Biuack PLaTe From SHeet Bars 


1 Various steps involved in rolling black plate from the heating of the pairs to the finishing of the pack as conducted by the majority of tinplate pro 
ducers on a single mill by the four-part system. Thirteen distinct operations are entailed. 
2 The installation of a mechanical doubling machine alleviates the laborious work associated with the folding operation and affords increased production 


by the elimination of one heating. 


3 By doubling the equipment and operating two mills as a unit on the three-part system, larger tonnages can be handled than by working two mills 


singly on the four-part system and considerable backtracking is eliminated. 


TABLE 1 CREWS REQUIRED UNDER VARIOUS SYSTEMS AND 
OPERATIONS ENTAILED IN ROLLING BLACK PLATE 


Single mill crew, four-part system Single mill crew, three-part system 


Roller Roller 
2 Rougher 2 Rougher 
3 Catcher Rougher’s helper 
4 Catcher's helper 4 Catcher 
5 Screw boy 5 Catcher's helper 
6 Heater 6 Screw boy 
7 Heater’'s helper 7 Pair heater 
8 Doubler 8 Pair heater 
9 Doubler’s helper or pair heater 9 Doubler operator 
Double mill crew, three-part system 
Roughing stand Finishing stand 
1 Rougher 9 Roller 
2 Rougher’s helper 10 Roller’s helper 
3 Catcher 1l Catcher 
4 Catcher's helper 12. Catcher's helper 
5 Screw boy 13. Screw hand 
6 Pair heater 14 Heater 
7 Pair heater’s helper 15 Heater’s first helper 
8 Doubler operater 16 Heater's second helper 
17. Heater’s third helper 
18 Doubler operator 
OPERATIONS IN ROLLING BLACK PLATE 
Single mill, Single mill, Double mill, 


our-part system four-part system three-part system 


1 Heating the bars 1 Heating the bars 1 Heating the bars | 
2 Roughed (5 passes) 2 Roughed (5 passes) 2 Roughed (5 passes) 
3 Matched 3 Matched 3 Matched 

4 Rolled (3 passes) 4 Rolled (3 passes) 4 Rolled (3 passes) 

5 Reheated in twos 5 Doubled 5 Doubled 

6 Rolled (2 passes) 6 Reheated in fours 6 Reheated in fours 

7 Doubled 7 Rolled (4 passes) 7 Rolled (4 passes) 

8 Reheated in fours 8 Doubled 8 Doubled 

9 Rolled (2 passes) 9 Sheared 9 Sheared 

10 Doubled 10 Reheated in eights 10 Reheated in eights 
11 Sheared 11 Finished (3 passes) 11 Finished (3 passes) 


= 


Reheated in eights 
Finished (3 passes) 


accordingly. While therefore the roughing mill is a cheap and 
simple piece of apparatus showing a comparatively low consump- 
tion of that kind of power which can be expressed in terms of 
pounds of steam or kilowatts per hour, the process of rolling is 
anything but cheap. This comes, however, under the relation 
of man power to mechanical power in sheet rolling, and will! be 
discussed more fully elsewhere. 

Practice in sheet rolling is not uniform throughout the country 
In some plants roughing is continued only as long as it can be 
done with the original heat of the sheet bar; in others, the semi- 
rough sheet is reheated and returned to the roughing mill. ‘The 
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general tendency is to roll the sheet to about twice its desired 
thickness in the roughing mill. There is a limit to which sheet 
can be rolled singly. The permissible variation in thickness 
from standard gage is usually + 2'/, per cent, which in the 
thinner gages amounts to only a couple of thousandths of an 
inch. 

If it is considered that the expansion of the rolls may easily ev- 
ceed this amount, it will become obvious why single sheets canno' 
be rolled to their final thickness, provided this is less than, say. 
14 or 16 gage. 

From the roughing mill the sheet goes to the doubler or 
matcher. The doubler is a device which folds the sheet in the 
same Way as a piece of paper may be folded double. The intre- 
duction of the mechanical doubler some six or seven years az 
was one of the most important advances in sheet-mill engineering 
and has produced a material savings in cost of operation. Th 
usual method is to double the sheet and then put two or three 
of the doubled sheets together into a pack. The mechanica 
doubler is usually combined with a very simple device known ass 
mechanical matcher. The matched pack goes to the finishing 
mill where it may be rolled to the gage required. Two diagrams 
Figs. 1 to 6 illustrate the various methods of rolling as deter 
mined by the use, or lack, of the mechanical doubler and by th 
use, or lack, of a separate sheet furnace as differing from the ps” 
furnace, the former being then used only for the reheating 
material rolled in the finishing mill, while the pair furnace retal™® 
its primary function of serving the roughing mill. 
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TEMPERATURE AND LABOR IN SukcET ROLLING 


A very significant light is thrown on the modern sheet industry 
by Table 1, which states the crews required under the various 
systems. The production in the United States varies from seven 
tons or less to fifteen tons per turn of 8 hours, or substantially 
around one ton per man in 8 hours. This saddles sheet 
making with a labor cost varying with various plants and various 
finishes and gage thicknesses but roughly of from $5.50 to $6 
per ton of 22-gage sheets, which is more than ten times as high 
as is the case with any other rolled-steel product. 

From the above certain significant conclusions can be drawn. 
In the first place, apart from the question of furnaces—which 
are becoming more and more expensive—sheet-rolling-mill 
equipment on the face of it is remarkably cheap. Where a rolling 
unit for any other product runs into seven figures, a sheet mill 
can be put up for less than $250,000. This is true, however, only 
if we accept the figures uncritically, because the sheet mill, un- 
like any other metal mills in American practice, has no mechanical 
manipulators and is operated throughout by manual power, al- 
though driven, of course, by mechanical power. To be fair, there- 
fore, ‘first cost’’ of the rollers and catchers should be added to the 
cost of the sheet mill at the very least. The cost of a skilled work- 
man in America is estimated at between $50,000 and $75,000, and 
the addition indicated will change completely the mill cost. 

Moreover, American manufacturing conditions are such as to 
make the employment of manual labor basically uneconomical 
wherever it can be replaced by mechanical labor. Throughout 
the industry shovels, trucks, conveyors, manipulators, cranes, 
trench diggers, loggers, etc., have replaced man power. Bottles 
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Fic.2 German Dovusite Mitt ror Five-Heat Process. 
SHEETS 20.87 29.92 0.0079 In. Bars 9.84 X 0.472 In., 
ROLLED SINGLY 

Sequence of operations: 1, heating the sheet bars; 2, roughing, 4 passes; 


3, reheating; 4, rolling, 4 passes; 5, doubling; 6, reheating in pairs; 7, 
rolling, 4 passes; 8, doubling and cutting; 9, reheating in fours; 10, rolling, 
4 passes; 11, doubling and cutting; 12, reheating in eights; 13, finishing, 3 
passes. One pack of 8 sheets double length.) 


are no longer blown by lung power, but are produced by the mil- 
lion by machinery. Cement sacks are also filled mechanically, 
and even in the sheet industry the automatic doubler and matcher 
has brought about a little revolution in methods of production. 
However, when it comes to rolling, exactly the same methods 
prevail as were introduced by the first Welsh mill men. 

The use of muscular power instead of mechanical manipulators 
reflects on the industry in two ways: In the first place, the roller 
and catcher have to combine high-grade skill and judgment with 
4 powerful physique, a combination by no means common, and 
therefore expensive. 


IRON AND STEEL IS-50-9 3 


In the second place, the roll speeds have to be proportioned not 
with regard to the best rolling conditions but with regard 
to the ability of the catcher and roller to handle the pieces. 
The standard speed for 28-in. rolls may be set at 30 r.p.m., 
which is entirely too low for economical production. Any 
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Fic. 3) German Dousie MILL ror Two-Heat Process. SHEETS 
39.37 X 78.74 0.019 IN. Sneet Bars 9.84 0.374 In., 
IN Parrs 

(Sequence of operations: 1, heating the sheet bars; 2, roughing, 3 passes 
each; 3, rolling on finishing stand, 2 passes each singly; 4, four or five passes 
sheets piled; 5, doubling and cutting; 6, reheating in fours; 7, finishing 4 or 
5 passes. One pack of 4 sheets single length.) 
higher speed of the rolls, however, would discharge the sheet 
with such energy as to make it difficult for the catcher to 
take it and would throw back the sheet to the roller at a 
speed that would make it dangerous for the latter. It is 
therefore the human factor and not mechanical considerations 
that governs roiling speed and hence mill output, and that is not 
a reasonable or desirable base upon which to plan operations 
today. 

There is another angle to this question which also has to do 
with output. Because of the fact that sheet in rolling cools very 
rapidly the rolling is done in a tremendous rush, the roller and 
the catcher trying their best to reduce its thickness as much as 
possible before the sheet becomes too cold for further rolling. 
If we consider that a sheet bar may weigh from 75 to 125 lb. and 
the pack from two to three times as much, an idea will be gained 
of the exhausting character of handling such weights at topmost 
speed under conditions requiring strained attention and at a high 
surrounding temperature. The result is that probably not more 
than one-third of the time is actually devoted to rolling, and it 
may be added that it is a high testimony to the caliber of the 
men employed in sheet rolling that they can keep going at that 
rate day in and day out without breaking down or producing 
sloppy work. 


Rout Lire 


Now, what happens to the rolls while the men are resting? 
This is a question which has been seldom asked, not because it is 
difficult to answer, but because of the fact that the men have to 
rest has been accepted as a kind of natural condition along with 
weather, death, and taxes. When the rolls are working, heat is 
given up to them by the sheets. The temperature of the sheets 
may vary from about 1500 down to about 1100 deg. fahr. The 
temperature of the rolls is not supposed to go beyond 700 deg. 
and is preferably kept at about 600 deg. fahr. Now, when rolling 
is discontinued the rolls immediately began to lose heat by radia- 
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tion and conduction, which has two results. In the first place, 
since conduction losses and, in part, radiation losses occur more 
rapidly near the ends than in the middle, there is produced im- 
mediately a deformation in the shape of the rolls known as 
“bellying.’”’ Every sheet roller is gravely concerned over this 
factor, but does not generally realize that much of the trouble 
could be eliminated if the rolling were carried out at such a rate 
as to maintain a stationary condition of deformation rather than 
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Fic. 4 German DovsLe MILL For New THrReEE-HEAT Process. 


TrnpLaTe 20.87 X 29.92 & 0.0126 IN. From SHeet Bars 9.54 X 


0.366 In., IN Parrs 

(Sequence of operations: 1, heating the sheet bars; 2, roughing, 2 passes; 
3, rolling on finishing stand, 2 passes singly; 4, rolling together, 2 or 3 
passes; 5, doubling; 6, reheating in fours; 7, rolling, 2 or 3 passes; 8, 
doubling and cutting; 9, reheating in eights; 10, finishing, 2 or 3 passes 
One pack of 8 sheets double length.) 
for the roll to swell out and approach again the cylindrical form 
many times during the turn. 

In the next place it ought to be realized in this connection that 
a roll 30 in. in diameter and anywhere from 26 to 50 in. long con- 
tains a tremendous amount of metal. The cooling proceeds from 
the outside, while the inside is capable of maintaining its tempera- 
ture for hours at a time. The result is that the inside retains its 
form and when the outside layer cools it produces a compression 
with respect to the inside mass and hence a tension in the outside 
layer itself. This condition is all the more dangerous in the case 
of hard rolls, as in addition to the contraction stresses produced 
in the outer layer, the difference in the coefficient of heat con- 
traction between the hard layer and the soft core becomes opera- 
tive. It is not difficult to realize what happens when the men 
cease recuperating and start rolling again. The outer layer, 
which is already in a state of strain, is suddenly subjected to a 
violent shock by the sheet going into the rolls. The results of 
this purely unreasonable condition show up prominently in the 
graph of the expense sheet called “roll maintenance,’”’ and most 
of the defacement of sheet surface is probably due also to the fact 
that small cracks may exist on the face of the roll for a long time 
before they become sufficiently prominent to warrant sending the 
roll back to the machine shop. 


More Asout TEMPERATURE AND LABOR 


Because of the enormous cost of labor per ton in sheet rolling 
as compared with that of any other steel product, it is not sur- 
prising to find that the question of conservation of labor influences 
the entire structure of the art. The vital element of temperature 
of rolling is most closely affected thereby. In rolling rails, 
structural material, etc., an effort is made to carry on the opera- 


tion through a comparatively narrow range of temperature and 
finish the rolling while the steel is still above the critical point, 
the result being that substantially the same grain structure is 
produced. In sheet rolling, however, it is economically imprac- 
tical today to follow the same method. Rolling is therefore begun 
at a temperature several hundred degrees above the critical 
and carried on to one several hundred degrees below. As a evn- 
sequence the material passes through the critical temperature at 
some time during the period of rolling, with the result that an 
uncertain conglomeration of crystal structures is produced and 
the material is weak and has to be annealed in order to impart to 
it the proper physical characteristics. 

Furthermore, because of the desire to roll as much as possil)le 
between reheats, the initial temperature to which the meta! is 
heated either in the pair furnace or in the sheet furnace is con- 
siderably higher than is actually required by the process of roll- 
ing. This tends to produce scale, and, where pack rolling is re- 
sorted to, to reduce the inner sheets more than is necessary as 
compared with the outer sheets. 

There is yet another economical feature of the present method 
of sheet rolling which deserves close consideration and is a direct 
outcome of the fact that muscular labor and not mechanical 
devices actually control the art. It is significant and only 
natural economically that as the cost of initial equipment in- 
creases, the number of producers decreases and the prices become 
stabilized. The rail mill is probably the most expensive piece 
of machinery from the point of view of initial cost, and there are 
only three companies in the United States making heavy rails. 
Structural steels require somewhat less expensive equipment, 
and more companies are producing them. When we come to 
sheet rolling, we are striking approximately the same economic 
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Fic. 5 German Dovuste Mitt ror New Four-Heat Process 
SHEETS 20.87 X 29.92 X 0.0079 IN. From SHeet Bars 9.84 0.472 
In., ROLLED IN 


(Sequence of operations: 1, heating the sheet bars; 2, roughing, 3 passes 
each; 3, rolling on finishing stand, 2 passes singly; 4, doubling each sheet 
separately; 5, reheating in pairs; 6, rolling, 4 or 5 passes; 7, doubling and 
cutting; 8, reheating in fours; 9, rolling 4 to 5 passes; 10, doubling and 
cutting; 11, reheating in eights; 12, finishing, 2 or 3 passes. One pack of 
eight sheets double length.) 


situation as prevails in, say, ladies’ dress manufacture. The 
initial investment of the plant is small, while the labor costs co0- 
stitute the essential part of the total cost and do not vary much 
with the volume of production. It is because of this that in the 
dry-goods industry small establishments spring up all the time 
and to a large extent control the level of prices. 
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ENGINEERING ECONOMICS OF THE SHEET BUSINESS 

In sheet rolling as constituted at present the costs for the same 
class of products are substantially the same in the smallest and 
the largest plant, while the investment required is so moderate 
that practically any experienced man with a little money can 
start making sheets. The small producers as a rule can work 
cheaper than the large ones, because the owner or the principal 
stockholders of a small mill are as a rule also its managers and 
consider the return on their investment largely in the way of 
salary, while the large mill is managed through hired executives 
and must make a salary return in addition to a return on stocks. 
Moreover, the small mill is hungry for business and often willing 
to work for a lower return. If we add to this that the small mill 
often does not know its own costs, it will become obvious why 
it can take away business from the big mill on a price basis and is 
apt to establish a general level of prices which would not be ae- 
cepted in industries controlled by big units. It is because of this 
that except in a very few cases the sheet business has not contrib- 
uted the share of profits that would be warfanted by the volume 
of itsoutput. In other words, the smaller sheet mills have been 
willing to do business on other bases than that of profits, and the 
big mills have had to follow the small mills because there was noth- 
ingelse todo. It would appear from this that the economic salva- 
tion of the sheet industry lies in a complete reorganization of its 
method of production along such lines as have proved successful 
throughout the entire American industry, and this means adopt- 
ing methods of production controlled by the following general 
principles: 

a The workman must only control the manufacturing ma- 
chinery and not operate it by muscular force. 

» The consumption of labor per unit should be small and the 
consumption of power should compensate for the reduced con- 
sumption of labor. 

c The first cost of the machinery may be high and the wages 
should be high, but the labor cost per unit of output should be 
low 

d The operation must be such as to provide automatically 
for the control of elements which are not of such a character as 
to require at all times personal control by the operator. 

It is significant that throughout the steel industry these prin- 
ciples have been closely followed and have helped American 
industry in general to attain its dominant position in the world 
and produce, elsewhere than in the sheet industry, the compara- 
tively large profits of the past ten years. 

There have been only two branches of the industry which 
have not followed these principles but have relied on methods of 
the early part of the nineteenth century for their operation. These 
are the wrought-iron and the sheet-steel branches. The former, 
however, has seen the light within the last couple of years, and 
has passed from hand puddling to mechanical and chemical proc- 
esses. There is every reason to believe that this change will 
produce substantial benefits for the wrought-iron industry. 
In the sheet industry likewise a more progressive spirit has ap- 
peared within the same period, and it remains only to see how 
helpful such steps as have been taken are likely to prove to the 
makers of sheet steel in the United States. 


Wipe-Srrie ROLLING 

The most expensive of the new developments has been the in- 
troduction of so-called continuous sheet rolling or, more correctly, 
the rolling of strip in sheet widths. The first attempt to do this 
proved to be a failure, partly because the economic conditions 
Were not right and there was not enough business in given sizes 
to permit rolling continuously, and partly because the apparatus 
Was hot properly designed, and while it did turn out the product, 
there was so much trouble and such heavy maintenance costs as 
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to make it impossible to compete with sheet made by more con- 
ventional methods. Within the last few years, however, a num- 
ber of mills have been built which apparently are capable of roll- 
ing in ar efficient manner, while the number of large orders for a 
few sizes has grown up to such a point as to make the economic 
operation of continuous mills feasible. 

When the first continuous sheet mill was started at Butler, 
Pa., there was a very gloomy feeling, indeed, among the owners 
of non-continuous mills. While some of the claims as to the 
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Fic.6 German Dovsite For Five-Heat Process. SHEETS 
20.87 & 29.92 & 0.0126 In. From Sueet Bars 9.84 X 0.366 In., 
ROLLED SINGLY 


(Sequence of operations: 1, heating the sheet bars; 2, roughing, 4 passes, 
3, reheating; 4, roughing, 4 passes; 5, doubling; 6, reheating in pairs 
7, rolling, 4 passes; 8, doubling and cutting; 9, reheating in fours; 10 
rolling, 4 passes; 11, doubling and cutting; 12, reheating in eights; 13, 
finishing, 2-3 passes. One pack of 8 sheets single length 


economic advantages of the continuous mills, such as that of 
saving $15 a ton on 22-gage sheets, were obviously wild, the 
sheet-mill owners were quite willing to admit among themselves 
that their plants might come to have only a scrap value within, 
say, two or three years. However, there is no such feeling today. 
On the contrary, the old-fashioned sheet-mill owner, or rather 
the owner of an old-fashioned sheet mill (these two are sometimes 
the same thing, but not often), is considering the situation quite 
cheerfully, and rather congratulating himself that he does not 
have a $5,000,000 or $7,000,000 mill on his hands and does not 
have to worry about paying fixed charges and facing possible 
revolutionary depreciations. 

The fact is that at least in one respect the continuous sheet 
mill has failed, and that is in its ability to make sheets to sell at 
a profit. All that the continuous mill apparently can do economi- 
cally is to produce breakdowns or material equivalent to that 
coming today from the roughing mill. Sheets have been rolled 
continuously to 18 gage. This requires, however, a considerable 
amount of coaxing and is not a general practice. Somewhat 
thicker sheets, such as 16-gage, can be produced with fair uni- 
formity, but it is only at 14 and still better at 12 gage that the 
continuous mill shows up best. The wide-strip mill is therefore 
really doing only the work of the roughing mill, and the roughing 
mill in the non-continuous sheet mill of today is probably the 
most economical part of the equipment. The sheet bars are 
comparatively thick, hold their heat fairly well, and can be rolled 
easily and rapidly. They do not require as careful feeding as in 
pack rolling, and as a rule can be rolled down without reheating 
to the point where doubling or pack rolling comes in; and if they 
do need reheating they are cheaper and easier to handle than 
packs, because they are lighter and short, both of which make 
for cheaper handling. The continuous mill therefore really 
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leaves off at the point where the conventional finish rolling begins, 
and if the product of the continuous mill has to be finish-rolled 
in non-continuous mills, the saving is materially reduced, and 
when other factors are taken into consideration, it may vanish 
completely. 

It should not be forgotten in this connection that the wide- 
strip mill of today is more or less a speculation. Its first cost 
is enormous and may vary from a couple of million to as high as 
ten million dollars. This means that the mill carries at 6 per 
cent an interest load which can vary from $120,000 a year to $600,- 
000. But this is only the least of the fixed overhead charges, a 
much more important part being that of depreciation. Now, 
what should the depreciation on a wide-strip mill be? To answer 
this question it is only necessary to point out that the wide-strip 
mill is obviously a temporary expedient and can be considered as 
a permanent equipment only if and when a method of finishing 
is developed which will take the material from the wide-strip mill 
and convert it into salable sheets at a reasonable cost. Since no 
such method is as yet available and since it is the finishing of 
the sheet that constitutes the major part of the cost, it is entirely 
possible that a new method of operation will be developed which 
will render the wide-strip obsolete before it has had a chance to 
pay for itself. Such things have happened before. 

The wide-strip mill has been a most interesting development 
and its mechanical success testifies to the very high status of 
mill engineering and to what can be done today when people 
make up their minds to do it and are willing to spend money. 
Certain problems which came up, however, are of considerable 
interest, one of the most important of them being how to control 
the movement of the sheet through consecutive pairs of rolls. 
The problem here differs materially from that encountered in 
conventional sheet rolling or conventional strip rolling. Mill 
engineers know that rolls have a tendency to lose their cylindrical 
shape and to be subject to what is known as “bellying,” or an in- 
crease of diameter in the middle as compared with the ends. 
This can be remedied to a certain extent by making the rolls 
slightly concave, so that when the “bellying” takes place they 
will become truly cylindrical. Another method which has been 
suggested but not yet adopted to any conceivable extent is to 
machine the roll to a true cylindrical shape, operate it until it 
becomes hot, and while in that condition give it a further 
dressing which will bring it to cylindrical shape. Tools to do this 
are already available and it is merely a question of developing the 
necessary technique for doing the fine work required under rather 
unfavorable circumstances. 

In conventional sheet rolling where the sheet bar or pack always 
travels through the same pair of rolls, a small amount of roll 
deformation not sufficient to affect the acceptance of the product 
is rather desirable, because it provides a guide for the sheet and 
makes it less likely for it to go crooked or shift sidewise. When, 
however, the sheet has to travel through a number of consecutive 
passes as in the strictly continuous mill or the cross-country mill, 
there is a possibility that the deformation of one pair of rolls may 
be out of line with that of another pair, with the result that the 
“guide effect’? may be lost or may become a source of serious 
trouble. The American Rolling Mill Company at their Ashland 
plant sought to obviate this situation by deliberately controlling 
the deviation of the rolls from a true cylindrical shape and doing it 
in such a manner that the consecutive rolls would have gradually 
decreasing deviations from true cylindricity and be so arranged 
as to guide the sheet in a substantially straight line. 

According to an editorial in The Jron Age of June 28, 1928, 
there are today two wide-strip-mill installations with a monthly 
capacity of 30,000 tons each, another one with 25,000 tons, one 
under construction with 30,000 tons, and two—one at Ashland 
and one in the St. Louis district—the capacity of which has not 


been officially given out but which may be estimated at 30,100 
tons in one case and 20,000 tons a month in the other. This 
means an annual capacity of close to 2,000,000 tons a year, a 
tremendous amount to sell, particularly considering that the 
wide-strip mill is not economical except when it rolls fairly large 
quantities in one size. 


Wits Heating BETWEEN Passes 


Another way to solve the problem of economic sheet production 
has been likewise initiated at the Ashland, Ky., plant of the 
American Rolling Mill Company. This installation deserves the 
most careful and sympathetic attention, because it embodies 
what appears to be a thoroughly sound principle. The only 
question is how economically the principle has been embodied in 
actual machinery. In this case the bar plates are sheared to 
lengths as they emerge from a holding furnace and are fed directly 
into a seven-stand jobbing mill which consists of four two-high 
30-in. X 58-in. stands, and three three-high 30-in. and 14-in. x 
58-in. stands. The product issuing from the jobbing mill varies 
in size according to the order being rolled, the length usually 
being about 10 ft., the width up to a maximum of 48 in., and the 
thickness ranging from '/, in. down to 16 gage. The jobbing 
mill therefore corresponds to the roughing mill in the ordinary 
sheet mill. Following this the treatment given the roughed 
plates depends on the grade of sheets to be finished. Usually, 
the plates are matched in pairs, sheared on sides and ends, and 
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fed into a 140-ft. continuous heating furnace preceding the sheet 
mill. The mill consists of five stands of three-high 30-in. and 
14-in. X 48-in. rolls, each stand being driven at about 25 r.p.m. 
Short reheating furnaces between stands 2 and 3, 3 and 4, and 4 
and 5 maintain the material at the proper rolling temperature. 
Sheets of a maximum width of 41 in. and minimum thickness 
of 20 gage can be produced on this mill. Pairs of sheets are said 
to be finished at the rate of about 15 per minute. (T. J. Flaherty 
and A. F. Kenyon, in the Electrical World, July 21, 1928.) 

The sheets after annealing and pickling are finished when neces 
sary by cold rolling. The cold-rolling mill consists of eight trains 
of from 2 to 5 stands of 26-in. X 56-in. rolls. The usual practice 


is to give the sheets coming from the pickling machine about four 
cold-roll passes, then box anneal, and finally give a finish cold 
rolling of from one to four passes. The procedure varies, of course, 


according to the finish and temper required for the sheets. 

The Ashland mill works on a correct principle in that the sheets 
in finish rolling are heated only sufficiently to carry them through 
stands land 2. Reheating furnaces are provided between stands 
2 and 3, 3 and 4, and 4 and 5, which means that heat must be 
added only to compensate for the loss in each pass; that 5 
the temperature of the metal can be maintained throughout 
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the rolling process within very close limits and the operation need 
not be controlled by the desire to save heat but can be carried out 
under the best physical and operating conditions without regard 
to the possible loss of heat that any delay may entail. 

The only objection to this method is the very high initial cost 
thereof, which means that it is applicable only in mills which 
have a very large output. Considering, however, the enormous 
production of sheets in this country and the large market available, 
this is not a serious objection. On the contrary, should the Ash- 
land method provide a satisfactory economy in operation, the 
high first cost might prove to be beneficial to the industry, in 
that it would concentrate production in comparatively few hands 
and make it possible to maintain in a legitimate manner prices 
that would give a reasonable profit to manufacturers of steel 
sheets. The other and more serious objection is that the process 
does not appear to be very flexible. This objection is stated 
with considerable hesitation, as the author is not fully familiar 
with the Ashland plant. It would appear, however, in view of 
the very large sizes of the furnaces, that variation of temperature 
would be quite difficult. Finally, there is a general objection to 
treating sheets, particularly those which have to be rolled to a 
fine finish, in any furnace heated by an open flame, which is based 
on two grounds. In the first place, no matter how carefully the 
temperature may be controlled, if any spot in the furnace is hotter 
than it is desired to have the sheet, the control is illusory. While 
it is true that a bright sheet does not absorb radiant heat well, 
there is no question that it can absorb in this way quite a large 
amount of heat. If the furnace roof or walls have a temperature 
higher than the sheet there is always a considerable amount of 
heat absorption which may easily be of local character, with the 
result that part of the sheet is heated to a greater extent than the 
rest. ‘This remark is not made specifically with reference to the 
Ashland plant, but to all flame-fired furnaces. 

The next objection to heating sheets between passes in open- 
flame furnaces has to do with the effect of this method on surface 
finish. Wherever there is an open flame there is spalling of the 
wall and roof of the furnace. The life of the bricks and lining in 
the furnace is limited. They are always breaking down, and 
this broken-down material has to go somewhere. As sheet is 
always present in the furnace, it is impossible to prevent a certain 
amount of furnace material from dropping on the sheet, and we 
all know what little things will spoil the surface of the sheet. 
Incidentally, furnace-wall material is not a trifling matter be- 
cause of its abrasive nature and hence its ability to scratch the 
sheet and the rolls. Of course, the material being rolled can be pro- 
tected to a certain extent by using what is known as a pilot sheet, 
ie. an extra piece of metal to cover the sheet proper. This 
means, however, a not inconsiderable additional cost by way of 
material loss and extra handling, as well as a great increase in the 
duration and cost of heating. 


FURNACE 


About a year ago a surface-combustion-type furnace was in- 
stalled in the mill of a midwestern steel company for continu- 
ous normalizing of full-finish auto sheets. This furnace is about 
102 ft. long with a 15-ft. preheat zone, a 45-ft. heating zone and a 
34-ft. cooling zone. The fuel used is natural gas of about 1000 
B.t.u. per cu. ft. heat content. The fuel consumption is said to 
be l'/z cu. ft. per lb. The sheets annealed are 0.06 to 0.10 carbon 
steel from 16 to 22 gage and 48 in. wide in all lengths. The sheet 
enters the furnace at room temperature and leaves the heating 
zone at 1750 deg. fahr. It is held at 1500 deg. fahr. for a short 
time before final cooling to 1000 deg. fahr., the temperature at 
Which the sheets leave the furnace. The temperature in each 
section is controlled without personal supervision or adjustment 
by three Leeds & Northrup automatic temperature-control 
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instruments. The furnace is rated at 87'/, tons per 24 hr. with 
two men on the charging and two men on the discharging end. 
Special attention is called here to the output which is barely 3'/, 


tons per hr. 


Sueet RouuinG In GERMANY 


From time to time statements have appeared which have em- 
bodied certain wonderful claims in regard to performance in 
sheet rolling abroad, particularly in Germany. A careful study 
of the situation in the Reich would indicate that it does not differ 
much from that in America, and, if anything, things are not as 
far advanced there as here. W. Krimer, in an extensive series 
of articles published in Stahl und Eisen in 1927, begins by stating 
that ‘‘of the various rolling methods, that employed in the produc- 
tion of sheet steel is most unusual in that the skill and physical 
strength of the workman are still the controlling elements there- 
in.” That, of course, describes perfectly the American situation 
as well. 

Methods of rolling are much less standardized in Germany than 
in America, and all kinds of combinations of roughing and finish- 
ing mills are employed. Among other things, the three-high 
mill is much more common in Germany than in this country. 
Table 2 gives substantially the German schedule of sheet rolling, 
while Tables 3 and 4 show the German outputs per mill and also 
incidentally give evidence that these outputs are lower than 


TABLE 2 GERMAN SCHEDULE OF SHEET ROLLING 


Number of sheets in 


pack 
Thickness Thickness Cold Hot 
German gage in mm. in in. rolling rolling 
9-10 3.00-2.75 0.118-0.108 Single nt 
10-16 2.75-1.375 0. 108-0 .054 2 Single 
17-20 1.25-0.875 0.0492-0.0344 4 2 
21-22 0.75-0.625 0.0295-0 . 0246 12 4 
22-25 0. 625-0. 438 0. 0246-0 .017 16 4-6 
25-26 0. 438-0. 375 0 017-0.0147 6-8 


TABLE 3 OUTPUT OF GERMAN MILLS WHEN ROLLING HEAVY 
GAGES 
(In metric tons per turn of 10 hours—see note below) 
Thickness in mm. Thickness in in. Three-high Two-high, cold 


1.5 0.059 20-24 8-10 
2.0 0.078 23-27 12-15 
2.5 0.098 25-30 15-17 
3.0 0.118 35-40 16-20 


Nore.—These figures apply to a layout comprising one roughing stand to 
one finishing stand, and efficient opration. The cold-rolling stand rolls run 
at 50 to 60 r.p.m., corresponding to a velocity of 1.8 to 2.1 meters (5.70 ft.) 
per sec. 


TABLE 4 OUTPUT OF GERMAN MILLS OF LIGHT GAGES 


(Finishing stand, in metric tons of turn of eight hours) 
Thickness, mm. Thickness, in. Output, tons 


0.5 0.0196 6.5-7 
0.4 0.0157 6.0-6.5 
0.32 0.0126 >. 5-6 
0.28 0.0110 4.5-5 
0.22 0. 0086 3.5-4 
0.20 0.0078 3.3-3.8 


American outputs. At the same time it must be remembered 
that the German wages are less than one-third of the correspond- 
ing American wages. Fig. 2 shows diagrammatically the German 
layouts, which again do not materially differ from American 
layouts, except that the use of automatic doublers and matchers 
is somewhat less common in Germany than in America. The 
German industry incidentally works under the handicap that 
the production of the mills is very much lower than in America, 
which makes it less possible to put in improved machinery, 
should such be developed. 


Tue Sueet MILL or THE FuTURE 


It will be of interest now to look into the future, and in a general 
way to see what an ideal sheet mill may be expected to resemble. 
Starting with the sheet bar, the 8-in. size is practically standard 
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today. It has, however, been adopted not because of its con- 
venience in rolling but because its weight is such as to make it 
easy for the roller and catcher to handle, and particularly for the 
latter, as he has to elevate the bar by tongs to the level of the 
upper roll. There have already been objections made to this 
width of bar because it is not really economical, and furthermore, 
a longer bar would probably give a flatter sheet. Nevertheless, 
even the change to a 12-in. bar has been successfully resisted be- 
cause of the greater difficulty of handling the heavier piece. 
Should mechanical means of handling be introduced, this ob- 
jection would disappear, and in such an event there would be 
no reason why a 24-in. bar should not be used. This would cut 
in three the work at the bar shears, reduce, to some extent, 
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waste on trimming sheet ends, and very materially increase the 
production of the roughing mill. 

The next question is the temperature of the pair furnace. As 
a rule it is much too hot today. There is no reason why plain 
carbon steel should be heated above 1500 deg. fahr., a tempera- 
ture which presumably is under the scaling point. This would 
permit pickling the bars before charging them into the pair fur- 
nace, which again would mean reduced cost of pickling, materially 
increased (in terms of tonnage of sheets) production of the pick- 
ling machine, and greatly decreased cost of the latter, because of 
the fact of handling shorter pieces than today. As reheating 
furnaces of a proper type will be provided in the future between 
passes, substantially as they are today at the Ashland plant of 
the American Rolling Mill Co., it will not be necessary to heat 
even the sheet bars to a temperature higher than required for the 
first two or three passes, and very likely the temperature ulti- 
mately selected will be much below the 1500 deg. fahr. mentioned 
above. 

Tue Mitt or Tomorrow 


Just what the roughing mill of the future will be it is difficult to 
say today; most likely several types will be employed. For a 
very large output the cross-country or tandem type of mill would 
naturally seem to be indicated, except for the fact that a constant 
distance would have to be maintained between the stands of 
the cross-country mill, while the length of the sheet varies. The 
result would be that in rolling shorter sheets there would be a 
certain loss of time and probably complications in the control of 
the heating furnaces to compensate for the increased lineal time 
that the sheet remains in the interstand furnace. This may, how- 
ever, be accomplished by controlling the speed of travel of the 
sheet through the furnace, although these additional complica- 
tions would not be welcome to the mill operator. 

Where the cross-country mill is not acceptable either for the 
reason stated above or because of lack of space, or finally because 
the volume of production does not justify the comparatively 
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large initial cost of such a mill, several other types are available, 
The three-high mill would probably be the first to be considered, 
as it is well known. With comparatively simple manipulating 
devices it can attain a very large production, and it is simple and 
cheap to operate. On the other hand, such a mill has one very 
grave disadvantage when it comes to rolling sheets, a disadyan- 
tage, however, which, as shown by German practice, is not too 
serious in the case of rough rolling. 

This objection, or rather, difficulty, lies in the fact that, as 
stated previously, in sheet rolling both rolls are seldom truly 
cylindrical in shape. Roll treatment has developed to a point 
where it is more or less possible to maintain a pair of rolls in suf- 
ficient consonance of shape to permit good rolling, but in a three- 
high mill it becomes necessary to keep three rolls in a proper se- 
quence of shapes. 

The next mill that would come under consideration would be 
a ‘‘three-high” in which the middle roll is divided in two. A mill 
of that kind would consist of two two-high mills so arranged that 
the sheet going through mill No. 1 would make its exit above the 
top roll of mill No. 2, while the sheet going through mill No. 2 
would pass below the bottom roll of mill No. 1. The two pairs 
would be always running in the same direction, but the direction 
of pair No. 1 would be opposite to that of pair No. 2. Proper 
tilting or lifting tables may be provided on both sides. 

Finally, the present single two-high mill might be retained, but 
equipped with manipulators which would receive the sheet at 
one end, pass it over the top to the other end, and feed it into 
the mill again. The manipulator here would really do the work 
of the catcher. Of course, it would be quite easy to equip even 
the mill of today with such a manipulator, and there might b 
some advantage in doing it, but this advantage would not be very 
great because the rough-rolling part of the work is not the most 
expensive one. On the finish-rolling end such a device would not 
be advisable at all today, because with present methods of pack 
rolling and repeated reheating of the pack the saving through th 
use of a manipulator would not be large enough to justify the 
additional expenditure. On the other hand, if these manipulat- 
ing devices were combined with reheating furnaces, then th 
pack would go through the mill and into the reheat furnace; 
from there the manipulator would take it back into the mill s 
that a pack could be completely finish-rolled without the need oi 
dragging it to an outside furnace. With such an arrangemen! 
extremely rapid handling of the pack would become possibl 
without imposing unreasonable strain on the men. Further- 
more a very close control of temperature of the sheet could be 
maintained, assuming, of course, that the furnaces were of a sull- 
able type. The speed of the rolls could be materially increased 
as the manipulators would be capable of taking the sheet from 
the mill at practically any speed at which the mill could deliver 
it. Calculation has shown that with such an arrangement the 
mill crew could be cut down to less than one-quarter of what its 
today, the production of the mills could be doubled and perhaps 
tripled, costs could be materially reduced, and quality, especial) 
surface quality, greatly improved. 


GREAT CHANGES IN THE SHEET INDUSTRY INEVITABLE 


There is no doubt of one thing, and that is that the industry 
cannot continue in the way it is going on today. No industry 
in America can be efficiently carried on if it has to rely on labor 
which is at once highly skilled, willing, and capable of doing i 
tense physical work. The sheet industry cannot long continue” 
produce goods at the present costs and sell them at the present prict 
or at least at the costs and prices prevailing in the case of tht 
majority of the producers. Changes in the industry are inev- 
table, especially in the direction of modified methods of productio® 
which will unquestionably be based on the replacement of manu 
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labor operation by manipulation by machinery, substantially 
as has already been done in all the other branches of the steel in- 
dustry. The economic side of the industry will also have to be re- 
organized in the direction of reduction of the number of plants 
and concentration of output in larger and better-equipped units 
capable of meeting the strenuous specifications of today in an 
economical manner and knowing enough about their costs to 
demand a fair price for their products. 

\s a matter of fact, nothing radically new is here suggested. 
It is merely stated that the sheet industry cannot continue to be 
an exception in methods of production, as it is today, but will 
have to adopt the same principles of mechanization as have al- 
ready been adopted by the remainder of the steel industry, and as 
are being adopted by other backward industries, such as 
bituminous-coal mining and agriculture. The Queen told Alice, 
of Wonderland fame, that in the Land Reached Through the 
Looking Glass ‘‘you have to be running as fast as you can in order 
to stay where you are.”’ This is a true picture of modern indus- 
try. The sheet-steel industry has played the part of the Sleeping 
Princess for most of the time in its two hundred years of history 
but industrial sleeping princesses are wakened from their slum- 
bers, as a rule, by a splash of red ink. 

Mechanically, changes will take place in the direction already 
clearly indicated by such mills as the Ashland plant of the Ameri- 
can Rolling Mill Company, while the employment of a longer 
sheet-bar will make the operation of the wide-strip mill as a pro- 
ducer of sheet-mill breakdowns useful and possibly even profit- 
able 


SHEET PRICES BY CONDESCENSION 


It might be well perhaps to touch on two matters in this con- 
nection. One is the talk going the rounds of the steel industry 
generally, and the sheet industry in particular, as to the necessity 
of educating the purchasers of steel products to pay higher prices 
for these products, thus eliminating what the sellers are pleased 
to call “ruthless” buying. This is the old story of the mice who 
met and decided that all cats should submit to having their teeth 
drawn. So far as history shows, this project has never succeeded. 
If buyers can buy cheaply, no association of sellers can induce 
them to pay more than the prevailing market price, and further- 
more the buyers may, if they care to, remind the sellers of the 
time not many years ago when the boosting of prices by manu- 
facturers was far more “ruthless” than is the depressing of prices 
by buyers today. It would be dangerous for engineers to rely 
on any such attempt to persuade purchasers to be superkind to 
sellers without a corresponding obligation by the latter to be 
good to purchasers should the tables be reversed, and of course 
ho group of manufacturers can agree to any future maintenance 
of prices with the Federal laws governing this subject as they 
are today 


PATENTS IN THE NEW SHEET INDUSTRY 


Continuous sheet rolling, which is not a new art at all, but which 
has been developed to the commercial stage within only the last 
two years, is literally plastered with patents, particularly as re- 
gards details, accessories, handling apparatus, and the like. Unless 
the sheet-steel industry is alert, it will be worse off in the matter 
of patents than the radio industry is today, than which it would 
be difficult to find a more horrible example. The automobile 
industry has found a way out by what is known as the cross- 
licensing agreement, which, in its case, was possible because the 
most important technical developments were made within the 
industry, and because by the time the cross-licensing agreement 
Was entered into by the automobile industry the main features 
of the automobile design had become common property, while the 
only serious patent threat, the Selden patent, has been smashed 
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in the Ford litigation. Judging from the past, any development 
in the sheet industry will have to come from outside, so that a 
cross-licensing agreement patterned after that employed by the 
automobile industry would not be helpful here. Whether or not 
the Flat Steel Manufacturers’ Association could be used as an 
instrument for acquiring patents affecting the entire industry 
and licensing all members, is a question which the industry itself 
will have to solve. To engineers, however, it would seem to be 
a highly wasteful and possibly dangerous situation by which they 
may be prevented from using important devices or be made to 
pay exorbitant licenses for the use thereof. 

In the first paragraph of this paper the author ventured to state 
that while the industry is approaching the date of its second 
centennial, it is mentally only twelve years old. An industry 
which after two hundred years of existence is facing a complete 
reorganization and which in two hundred years has not evolved 
from the stage where it operates by brawn and sweat can be con- 
sidered as being no more than twelve years of age mentally, 
particularly when compared with all other branches of the steel 
industry. 


Discussion 


Joun W. SHEPeRDSON.? Every product that is manufactured 
is governed in its price policy by supply and demand. Supply 
and demand together constitute competition. I do not agree 
with the author of the paper that the sheet-rolling industry is 
engaged in ruinous competition, or that it has a mentality 
equivalent to a boy 12 years old. On the contrary, I am con- 
vinced that the hot rolling of thin gages in wide widths has 
been and continues to be a problem to tax the wisest and most 
experienced rolling-mill men. 

The problem of hot sheet rolling by the continuous method is 
much the same as the hot rolling of other small products by this 
method. Rods in large-weight bundles or narrow strips of 
thin gages and long lengths call for high delivery speeds to be 
able to produce them at all. High delivery speed spells high 
output, and high output spells ways and means of getting rid 
of the product to make room for the oncoming product. How 
can continuous rolling of any kind be justified unless it be done 
at a high rate of production? We all know what part the 
investment per ton of annual production plays in final costs; 
we simply must have a large divisor with a large investment. 

Fundamentally, any method of manufacturing a product 
has its limitations. For instance, the Garrett type of rod mill 
is limited to a small rod bundle weighing around 180 lb. Any 
rod mill is ill adapted, except under unusual circumstances, 
to roll smaller than No. 5 rod. Beyond that point it is generally 
cheaper to cold-draw. 

In the days of three-high sheet-bar mills, sheet bar was re- 
garded the lightest section suitable for rolling on such mills, 
and could only be produced in short lengths from a small bloom 
or small ingot. 

The continuous sheet-bar mill installed at the plant of the 
Youngstown Sheet and Tube Company some 23 years ago rolled 
this product for the first time from a whole 6500-lb. bloom direct 
from the ingot heat, and fitted into the scheme of the then 
prevailing, and for that matter now prevailing, system of sheet 
rolling. 

The transition now in course of evolution in the production 
of sheets is to carry a semi-finished intermediate product down 
to lighter gages, at higher speeds, but up to the present no at- 
tempt has been made to do this from the initial heat of the 
ingot nor in weight of slab corresponding to the whole ingot. 
Therefore, reheating is a part of this new process. 

2? Chief Engineer, Morgan Construction Co., Worcester, Mass. 
Mem. A.S.M.E. 
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The difficulties are well recognized: speed, high tonnage per 
minute, and heavy torques mean power, and power beyond all 
previous concentration is being put into small rolls. 

New metal in the rolls of sufficient endurance to withstand 
the localized pressures is required. These new rolls cannot come 
overnight. The American sheet-mill industry, far from showing 
temerity, has plunged into a new process pretty much regardless 
of cost, allured by potential advantages in sight. This is no 
twelve-year-old boy’s job. 

The problem before the sheet mills lies in finding if the old 
dividing line of economical production at sheet bar can be 
pushed forward and nearer to the finished sheet, or, stated 
another way, the problem is whether or not the cost of making 
some new semi-finished product, consisting of prime cost plus 
investment and carrying charges, can show a saving over the 
long-established practice of producing sheet bar at very low 
cost in a continuous mill, direct from the ingot heat, and then 
breaking down this sheet bar in hand roughing mills. Any 
figures I have been able to make do not point to net savings 
over the old method. 

I do not think that the author has shown us conclusively 
how to build the next sheet plant, but he has brought to our 
attention the evils that now exist. 


D. EppetsHemer.? The author has sketched in a very 
interesting manner some of the features and possibilities of the 
recent development in continuous rolling of flat wide metal. 
The writer feels, however, that in discussing the economic 
importance of the new process of rolling, mention should be 
made of the developments in the finishing department which 
must be followed if full advantage is to be gained from the new 
continuous-rolling treatment. 

It must be evident that new and advanced modes of pickling, 
annealing, cold rolling, and coating are of necessity employed 
in order to gain full benefit from the higher production of the 
continuous rolling. 

The author has well stated one of the objects of the new process 
of the American Rolling Mill Company in its plant at Ashland. 
The writer might add, to avoid a misconception of his meaning, 
that the control of the shape of the rolls in successive stands 
of a tandem or continuous mill involves much more than the 
original turning of the rolls and heating of them by the piece. 
The shape between the rolls when the piece is being engaged 
is the critical thing, and it must be appreciated that this is 
affected by a number of factors ranging all the way from the 
rigidity of the mill housings to the character of the lubrication 
of the roll necks or bearings. 

There are a number of problems other than those mentioned 
in the paper which required solution in order to substitute 
mechanical operation for the high degree of skill required by the 
hand rollers of the past. A discussion of these points is probably 
out of place before this group, which are not directly interested 
in the technique of sheet rolling, but it is believed that a full 
understanding of them would convince the members of the 
Society that the author has underestimated the difficulty of 
replacing the particular manual operations involved by a series 
of mechanical devices. 

As stated in the paper, in the Ashland process the shape of 
the rolls when in engagement with the piece is deformed from 
the truly cylindrical, and the shape in each stand is less de- 
formed than in the preceding one. This process of rolling 
wide, thin metal is used not only at Ashland, but at Butler and 
Middletown and by licensees of the American Rolling Mill 
Company at Weirton, and will be used shortly at Wheeling, 


3 American Rolling Mill Co., Middletown, Ohio. 


and undoubtedly has a much wider application than the author 
apprehends. 

Those members of the Society who visited Ashland will reca|! 
that the continuous pack-rolling units of the mill installation 
are planned so as to operate in parallel with each other, as we'll 
as in series with the continuous roughing mill, and it may be 
added that our experience indicates that it is fully practicable 
to provide continuous or tandem finishing mills, operating 
always according to the deformation process noted by the writer, 
for reducing sheet metal to any desired gage with large attendant 
economies. 

With regard to the patent situation, it may suffice to say that 
the process referred to by the author of the paper as the Ashland 
process and discussed above has been recognized as patentable 
not only in this country but in many foreign countries. 

The writer has had personal connection with the develop- 
ment of the patent situation of the American Rolling Mills 
Company, and has attempted to keep informed on the patent 
situation in general. To his mind there is no basis for a fear 
that rival concerns are on the way to, or are even unconsciously 
drifting into, the position of interfering with each other by 
means of trivial patents. The entire situation was, as he le- 
lieves, so completely worked out by the American Rolling 
Mill Company before the industry became convinced of the 
practical importance thereof, that there is but little room so 
far as this development is concerned for the automobile or radio 
situation to be repeated. 


R. J. Wean.* The author is to be commended on the frank- 
ness with which he has confronted the sheet industry with what 
he considers their shortcomings. In this brief discussion it 
may therefore be well to give due credit to the accomplishments 
of those engaged in this great industry, whose total output this 
year will approach five million tons, having an approximate 
sales value of from $300,000,000 to $400,000,000. 

When it is realized that the sheet and tin plate industry has 
invested upward of $75,000,000 in the last two years for the 
production of tinplate and sheets by new methods and processes, 
they cannot, in all fairness, be accused of a total lack of pro- 
gressiveness. 

While it is true that for many years the industry was slow to 
take up new developments, it must be remembered that thus 
was during a period when profits were ample to satisfy the 
stockholders and the pressure of low selling prices was not 
present. In recent years the industry has made tremendous 
strides in the improvement of the quality of its product, and 
has also greatly increased production from existing equipment. 


For many years the sheet industry was largely in the hands 
of mill men—men who had been trained to roll steel by actual 
experience. Very little engineering knowledge was applied 


to the industry as a whole, and this possibly accounts in some 
measure for the lack of progress, as in recent years the develop- 
ments that have taken place in the sheet industry have been 
brought about by applying engineering effort. This has been 
done, in most cases, by the companies producing sheets, rather 
than by those outside of the industry. 

As was stated by the author, probably the greatest develop- 
ment in the industry has been that of rolling wide-strip steel. 
The product from these mills is already being used in a wide 
market. 

Strange as it may seem, the introduction and development of 
wide-strip rolling when used for tin-mill breakdown purposes 
caused the development of new methods of heating, as well 2s 
new methods of finishing this material, that can be applied te 
Aetna-Standard Engineering Co., Youngstow", 
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any existing conventional-type sheet or tin mill. Continuous 
pack-heating furnaces and mechanical catchers for the mills con- 
stitute largely these improvements at the present time, and this 
permits an increased output per mill with a reduced mill crew. 

These developments are available to all producers under 
license, and some producers have already taken advantage 
of this in both the sheet and tin-plate industries. 

In past years on full-finished or automobile sheets it was general 
practice for the bars to be roughed down from two to four passes 
on the roughing mill and then swung to the finishing mill where 
they would be given several additional roughing passes before 
matching. The pack would then be returned to a sheet furnace 
for reheating, and subsequently finished on the finishing mill. 

When operating in this manner, one crew would operate 
both the roughing and finishing stands. The result would be 
that either one of the mills would be idle 30 to 40 per cent of the 
time, and in many cases even more. During the past year 
what is known as the “double-mill’’ or ‘“‘Tipperary’’ system 
has come into quite prominent use, the roughing mills being 
operated by one crew and the finishing mills by another, so that 
all mills are operated as nearly 100 per cent of the time as heating 
and mill conditions will permit. 

Many sheet producers thought that this would not be prac- 
ticable, but it has been proved within the last year that it is 
not only practicable but highly desirable; and this system 
will lend itself very favorably to the installation of continuous 
heating furnaces and mechanical appliances not only to cut 
down the labor required but also to step up production. To 
the writer’s knowledge as much as 25 to 30 tons of 19-gage sheets 
36 in. wide, and 78 in. long, rolled three in a pack, were finished 
on a sheet mill of the above type in eight hours. When this is 
compared with the old-style production of 9 to 12 tons in eight 
hours, it ean readily be appreciated what this will mean to the 
sheet producer in the form of reduced cost, as well as increased 
tonnage, without the addition of any actual rolling equipment. 

When all of the economies of this nature have been accom- 
plished in what we shall term the “conventional-type” sheet 
mill, it will be extremely difficult for wide-strip-steel producers to 
manufacture at a lower cost than the ordinary sheet-mill producers. 

It was stated in the paper that the cost of a sheet mill was 
$25,000. Lest there be some misunderstanding, it may be 
well to clarify this to some extent. This represents-—and the 
writer thinks it is low—the cost of a hot-mill stand, but does 
not include any other plant equipment. The actual cost today 
for erecting an 8-stand sheet mill would run from $1,500,000 
to $2,000,000, or about $250,000 per hot mill. This of course 
would include buildings, furnaces, and other machinery, without 
which it would be impossible to operate the mill. 

The foregoing facts and the completion of present develop- 
ments will probably demonstrate that the sheet industry is 
very much alive to its problem and well on the way to at least a 
partial solution. 


Luoyp Jones.6 When the writer recalls to mind the various 
specifications as to gage, surface conditions, and physical prop- 
erties required of the modern sheet maker, he is inclined to 
believe that that individual is entitled to a mentality rating 
far in excess of the one given in the paper. 

In regard to the distinction between sheets and strips, there 
heed be no confusion in the steel industry. Sheet-mill and 
strip-mill practices are radically different, as any one familiar 
with the art knows. The fact that sheet manufacturers will 


. This of course should have been $250,000, as in the original manu- 
Script. The mimeographed paper distributed at the meeting contained 
the misprint of ““$25,000."’"—AvuTHor. 

E. W. Bliss & Co., Salem, Ohio. 


IRON AND STEEL 1S-50-9 11 


slit sheets into strips and the fact that the strip manufacturers 
will cut strips into sheets has nothing to do with the funda- 
mental differences between the two processes of manufacture. 

Sheet practice over a long term of years gradually developed 
into widths up to 64 in. The strip process over a period of 
years has steadily been increasing in widths, and the fact that 
the range has recently been increased up to 42 in. is a logical 
development and not a new and startling innovation as many 
would have us believe. 

The author has ably covered sheet-rolling practice, but the 
writer cannot agree that the wide-strip mills have proved a 
failure. Of the last three wide-strip mills to be put in operation, 
two exceed expectations in thinness of gage and the third is 
producing within the limits of gage for which it was designed. 

It is true that under the present hot-strip practice 12 to 16 
gage may be considered commercial limits in wide widths, 
but with the addition of cold rolling these strips can be reduced 
to any gage desired. The writer cannot see anything funda- 
mentally wrong with the strip process and believes that it is 
merely a question of time until these latest mills will be operating 
satisfactorily. 

In his further treatment of the wide-strip mill, the author 
overemphasizes the difficulty of controlling the movement 
of a single continuous strip through successive stands of rolls. 
The strip-rolling process, both hot and cold, has been practiced 
for quite a few decades and the writer has not yet been converted 
to the idea that the control of the strip going through the mill has 
been only recently accomplished, by means that are new and novel. 

The writer does not believe that the Ashland plant of the 
American Rolling Mill Company will be duplicated, and is of 
the opinion that future developments will instead follow along 
the lines of the old-established hot- and cold-rolled strip process. 

The writer’s vision of the sheet mill of the future is radically 
different from that set forth in the paper. The mill, as he views 
it, disregarding the raw-material manufacturing end, such as 
blast furnaces, open hearths, slabbing mills, etc., and starting 
from slabs of required widths and in thickness ranging from 2 
to 3 in., would first consist of a modern wide hot-strip mill 
divided into two sections, a tandem roughing section and a 
continuous finishing section. The product of this mill might 
range from 12 to 36 or 42 in. in width, as desired. In thickness, 
covering the entire width range, the mill should be capable of 
rolling in lengths, say, about 250 ft. long, gages ranging from 
3 (max.) to 26 (min.). By this he means hot-rolled strip 36 
or 42 in. wide, and 26 gage thick. With such a range of widths 
and gages, the mill would cover jobbing-mill plates and sheets 
within the width capacity in all gages, sheet-mill products 
within the width capacity, and ball gages down to 26 gage— 
probably 75 per cent of the sheet tonnage. 

As to tin-mill products, the mill would cover 18- to 22-gage 
material, which could be doubled and hot rolled on a hand mill 
to light gages. An alternative to this would be cold rolling on 
cluster or backed-up mills to the desired gage. 

Besides covering 75 per cent of the common sheet tonnage, 
the mill would produce suitable gages covering the entire cold- 
rolled strip industry and the full-finished sheet industry within 
the width capacity of the mill, namely, 36 or 42 in. wide. 

It should be noted that with the proper equipment of the blue 
annealing furnaces, cold-rolling mill, tin and galvanizing pots, 
etc., the installation will no longer be a single-purpose one, but 
a layout covering a wide range of products, flexible in character 
and one which, the writer believes, will be more economical in 
operation than our present-day plants. 

It sometimes requires a great deal of courage for an engineer 
to predict the future, but the writer bases this picture on his 
knowledge of the present hot- and cold-rolling industry and also 
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on the fact that hot strips of long length 24-gage thick have 
been produced from a hot slab in one rolling without reheating 
by a new process recently developed. 

In closing the author cautions the sheet industry not to be- 
come involved in a patent situation similar to that existing in the 
radio industry. Personally, the writer does not believe the 
sheet industry needs fear such a condition, because the sheet 
industry is 200 years old and the strip industry probably 60 
years old, while the radio industry is the product of the last 
few years. If attorneys and inventors will familiarize them- 
selves with the art, not only as it exists in the patent office but 
as it has been and is practiced, no confusion need arise. 


H. L. Bopwe.u.? While the author’s statements as to the 
apparently slow progress made in the rolling of sheet steel 
mechanically or semi-automatically, as compared to that made 
in other lines of steel products, are no doubt true to a considerable 
extent, the writer cannot refrain from taking some exception 
to the indictment that the mentality of the business is but 
twelve years of age. 

Producers of sheet steel have, for a great many years, been 
alive to the desirability of some form of continuous rolling with 
the consequent elimination of at least a part of the expensive 
and laborious hand labor incident to the present practice, and 
great amounts of thought, effort, and money have been ex- 
pended on the problem in the way of experimentation. 

The difficulties heretofore have been largely of an engineering 
nature, due to the lack of mechanical devices not vet invented, 
or the lack of knowledge or experience in the behavior of the 
material being handled under the different conditions to which 
it is subjected in the process. It is peculiarly fitting, then, 
that such a paper should be read before a body of mechanical 
engineers, such as this. The field for the application of in- 
ventive genius is unlimited. The conttnuous or semi-con- 
tinuous process of rolling from ingot or slab, on the initial heat 
or with some intermediate continuous heating, to the finished 
sheet or ‘broad strip’’ has already reached a highly satisfactory 
degree of development in so far as heavy gages are concerned. 

The general plans and details of operation and construction 
of these continuous mills have been fully covered in various 
papers read before societies or published in the trade journals. 
No further description is necessary at this time. As mentioned 
in the paper, there are continuous mills in existence today 
capable of rolling 50 to 60 gross tons per hour into strips of 14 
gage or heavier, up to 48 in. wide and into 16-gage or 18-gage 
up to 32 in. wide, at a saving in labor as compared to the similar 
roughing operation on old-style mills of $5 to $6 per ton. 

The further reduction of the hot-rolled product to lighter 
gages, such as 22 or even 24 gage, is also accomplished success- 
fully by means of continuous 4-high cold-roll mills. The product 
from such a mill is available for sale as ordinary black or blue 
annealed in jobbing-mill gages, up to 48 in. wide, and by further 
reductions and combinations of treatments, such as pickling, 
cold rolling, annealing, or normalizing, for sale in 20 or 22 gages, 
of limited widths and whatever grade as to finish or drawing 
qualities may be desired. 

Such a mill can also act as a feeder for the old style of finishing 
mill, either in so-called bar plate cut to the proper width to 
furnish the weight necessary for the gage and size of sheet to be 
rolled in such thickness as to do away with the present old- 
style roughing mill, or by furnishing sheets already roughed to 
receive whatever further treatment is necessary on the old- 
style finishing mill to obtain any grade or gage desired, thus 


? Assistant District Manager, American Sheet & Tin Plate Co., 
Vandergrift, Pa. 
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doing away entirely with the roughing operation and thereby 
increasing the capacity of the finishing mill. 

The successful operation of a continuous mill of the type in 
question is manifestly a large-tonnage proposition and can only 
be carried on economically when the quantity and character 
of orders are sufficient to keep it in continuous operation. The 
limitations in gage and widths existent with the present forms 
of continuous mills will no doubt be gradually raised as ex- 
perience is gained and mechanical and electrical devices are 
perfected for more accurate control of screw pressure, roll tem- 
perature, and speeds. 

The problem of hot-rolling sheet widths continuously from 
slab or bar, with or without intermediate heating, into light 
gages, such as 24 gage and lighter, is vastly more difficult of 
solution. 

A brief description of the present method of rolling light-gage 
sheets will possibly assist in the visualization of some of the 
difficulties involved. 

While the fundamentals in the method of rolling light-gage 
sheet iron remain about as they were when the industry was 
first introduced into this country from Wales early in the Nine- 
teenth Century, there have actually been many developments 
made tending to improve the quality and quantity produced 
per unit and to reduce the laboriousness of the work as well as 
better the working conditions. 

The rolls have increased from 18 or 20 in. in diameter to 30) 
or 32 in., with corresponding increases in the size and strength 
of the housings and drives. Methods of heat control of the 
rolls have been perfected so that variations in temperatures 
are held within 50 deg. fahr. in all stages of the rolling operation, 
with consequent longer life of rolls. Roll breakage is now a 
rare occurrence, and it is usual to obtain a life of roll of L00 days 
or more before it has to be discarded on account of the removal! 
of the entire chill. 

Preheating of rolls is practiced, eliminating the necessity for 
making a large amount of more or less unsalable warming-up 
sizes, and permitting the immediate rolling of orders, with conse- 
quent better deliveries. 

Continuous pair furnaces are used, with less labor in charging 
and elimination of puddling, and with improved quality of pair 
heating. Mechanical doublers have been introduced, doing 
away with one of the most difficult jobs. Various mechanical 
means of handling bars and packs into sheet furnaces and at 
mills have been devised. Working conditions have been im- 
proved by the installation of water-cooled floors, ventilating 
systems, and forced-air cooling systems. On the whole, man) 
improvements have been made and the output per mill has 
been doubled during the last twenty-five years. 

The rolling of sheets has remained to this day a process re- 
quiring a great deal of skill and close supervision on the part 
of the rollers, combined with considerable laborious work per- 
formed in comparatively difficult surroundings. 

The standard mill unit consists of a roughing mill, sometimes 
called the ‘‘soft’’ mill, with both top and bottom rolls driven; 
a finishing mill with only the bottom roll driven, the top roll 
being driven by friction; and the necessary complement o! 
pair and sheet furnaces, shears, doublers, etc. 

The roughing rolls may be of steel or gray iron, but usually 
worn-out finishing rolls are utilized. They are kept cold by 
means of a spray of water. The finishing rolls are of cast iron, 
with about */, in. of chill, 28, 30, or 32 in. in diameter, of 4 
length suitable for the ranges in widths to be rolled, varying 
from 34 in. in length of barrel to 84 in., and weighing from S00 
to 25,000 Ib. They are run hot, but kept below about 750 deg 
fahr. by means of steam or air blower. The crew consists of the 
roller, who is the foreman of the crew and has general charge °! 
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all operations on his mill, and a sheet heater, roller’s helper, 
heater’s helper, rougher catcher, pair heater, pair-heater’s 
helper, matcher, doubler, shearman, leader, and opener. Addi- 
tional help is provided as required because of excessive weight 
of bars or for other reasons. 

The bars are drawn from the pair furnace in pairs and broken 
down on the soft mill until approximately '/, in. thick, then 
are swung over to the finishing mill where the roughing is finished, 
the rougher and catcher doing this work. The two pieces are 
matched together at a convenient length and thickness, and the 
roughing finished in that way. 

\fter the roughing, the breakdowns are matched or doubled, 
and reheated in the sheet furnace. After reheating, if 28 or 
30 gage, 72 to 84 in. long, the pack is run over on the finishing 
mill one pass, then opened, matched, and doubled again. The 
pack now consists of eight sheets and is reheated again in the 
sheet furnace and finished by the roller in as many passes as 
necessary to obtain the required length. Twenty-six gage is 
matched in threes after roughing and doubled into packs of six, 
then reheated and finished. Other gages are rolled either single 
or doubled in twos, threes, fours, as may best suit the particular 
gage and size being rolled. The bars are generally worked in 
heats of twelve pairs each. Both bars and packs are, at some 
stage of the process, worked below the critical temperature. 

The different parts of the process are carried on by different 
members of the crew, each man having his designated duties 
to perform. As the greater part of the roughing, the run-over, 
and the finishing are done on the one finishing mill, those mem- 
hers of the crew performing each part have ample time to rest. 

The hot-finishing rolls are kept almost constantly in use, and 
are therefore kept at a uniform temperature. 

The duties of the various members of the crew are pretty well 
implied by the names given to them. 

The pair heating must be carefully done in as nearly a reducing 
atmosphere as possible, and overheating and scaling avoided 
so as to save trouble later from open surface and pair-furnace 
scale or dirt. The rougher must rough straight and uniform 
to length so that the matching can be done properly. The 
matcher and doubler must match square on sides and ends, 
and double so the ends will be even in order to save head scrap 
and secure uniformity of gage and weight of sheet. The sheet 
heater must see that the packs are heated thoroughly and evenly 
in a reducing atmosphere and not overheated so as to avoid 
finishing scale, open surface, and non-uniformity to gage. 

The roller, when finishing off the heat, must see to it that the 
condition and shape of his mill are correct for the material he 
is finishing. To this end he must see that the roll temperature 
is right and also the temperature of the necks, as variations in 
either will produce poor work. The surface of the rolls must 
be kept smooth by frequent polishing to avoid pitting or mark- 
ing of the pack surface. The pack must be opened up, if neces- 
sary, before it is entered, in order to avoid patching and jumping. 

Proper screw pressure must be given to avoid twisting, squeez- 
ing, flopping, or sticking, and the roller must watch the draw 
to avoid excessive length which will result in scrap loss and light- 
hess of gage. 

It will be seen that close, skilful supervision is required over 
all stages of the process in order to avoid the damaging effect 
of any irregularities, and that light-gage sheets are peculiarly 
Susceptible to damage from a great many causes. 

In the case of continuous rolling it would be all the more neces- 
Sary to guard against any damaging effects, as corrections would 
be more difficult and a large amount of material might be ruined 
in a short time. 

Whether the development of the continuous process of rolling 
the lighter gages in commercial sheet widths follows the present 
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idea of the broad-strip mill or the continuous reduction of packs 
through successive passes, it is obvious that even more refined 
methods of adjustment and control will have to be devised than 
are sufficient in the mill for rolling heavier material. Not only 
will pressure of screws, temperatures of rolls and roll necks, or 
consequent shape of rolls need to be under absolute automatic 
control, but it will be necessary to maintain a uniform degree 
of heat in the material being rolled by some form of non-oxidizing 
application of heat between the successive passes. It will also 
be necessary to be able to change quickly from one gage and 
size to another. 

These difficulties all seem of great importance and very difficult 
to overcome to those who are familiar with the sheet-rolling in- 
dustry, but there is no doubt that they will all be surmounted 
if a sufficiently insistent demand arises. 


LaNE Jounson.’ The author's statement that “at least in 
one respect the continuous sheet mill has failed, and that is in 
its ability to make sheets to sell at a profit,’ deserves careful 
consideration. 

At this time, there are operating in the United States six wide- 
strip mills: The Ashland, Butler, Trumbull, Weirton, Gary, 
and Middletown. Ashland, Butler, and Middletown are owned 
by the same company and the other three by individual com- 
panies. At least three of these mills are producing full-finished 
sheets of 22 gage by strictly continuous hot and cold rolling. 
The fact that five of these six mills are operating now and have 
operated for a long time on schedules which approach the ca- 
pacities of the mills indicates that the author’s statement about 
profits is subject to a reasonable doubt. The sixth mill in the 
list has been in operation about two months and is being brought 
steadily into high production. The four companies which own 
these mills are large, well managed, and are accustomed to mak- 
ing profits. 

The author, however, brings out one important point. It is 
the fashion in America to do things mechanically rather than by 
hand. Beyond question the continuous wide-strip mill does re- 
duce the amount of hand labor required to roll flat steel, whether 
it be plates, strips, sheets, or tinplate. 


AvuTuor’s CLOSURE 


My innocent remark to the effect that the mental age of steel 
sheet rolling is only about twelve years seems to have displeased 
practically every one of the discussers, and yet, nearly every 
one quotes facts which support my contention. John W. Shep- 
erdson says that the American sheet-mill industry has plunged 
into a new process pretty much regardless of cost allured by 
potential advantages in sight. Plunging into something to the 
tune of about seventy-five million dollars ‘regardless of cost’’ 
under an allure shows the mentality of a green boy and not the 
mature mind of a full-grown man. Such temerity might be 
excusable if successful, but Mr. Sheperdson himself points out 
that any figures that he has been able to make do not point to 
net savings over the old method. 

R. J. Wean acknowledges that very little engineering knowl- 
edge was applied to the industry as a whole, and sees in this the 
reason for its lack of progress. H. L. Bodwell goes still further 
and quotes lack of knowledge or experience in the behavior of 
the material being handled in sheet mills. What can one say 
about the mentality of an industry which has been in existence 
for two hundred years and does not know yet enough about the 
properties of the materials from which it makes a living? 

The next statement in my paper to which objection is made 


’ Chief Engineer, United Engineering & Foundry Co., Pittsburgh, 
Pa. 
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is that the wide-strip rolling failed in at least one respect, and 
that is, ability to make profits. In this connection, attention 
may be called to the statement by Mr. Sheperdson already quoted 
above, namely, that his figures do not show any saving in the 
new process as compared with the old. Mr. Wean also states 
that when the conventional-type sheet mill has been properly 
developed “‘it will be extremely difficult for wide-strip-mill pro- 
ducers to manufacture at a lower cost than the ordinary sheet- 
mill producers.” If, now, the wide-strip mill does not make 
better goods and cannot make cheaper goods, why did the sheet 
industry spend seventy-five million dollars to install them? 


This is particularly pertinent as Mr. Jones agrees with me 
that under the present hot-strip practice 12 to 16 gage may he 
considered commercial limits in wide sheets. We all know, of 
course, that within those limits the conventional sheet mill is 
also very efficient. 

Mr. Eppelsheimer disagrees with my warning to the industry 
in reference to possible patent troubles. He says that the Ameri- 
can Rolling Mills Company is collecting royalties from several 
other steel companies and is perfectly well satisfied with the 
situation. He does not say, however, whether these arrange- 
ments are in the interest of the company or of the industry. 
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Dec., ’28, p. 814 
Dec., '28, p. 814 
Dec., "28, p. 
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The Manufacture of Nickel-Steel Plate 


By CHARLES McKNIGHT,! NEW YORK, N. Y., 


This paper deals with the manufacture, rolling, and inspection 
of steels containing between 2 and 3 per cent of nickel and which 
are used in boiler construction, and particularly with the manufacture 
of fairly large plates of from'/, to 1'/, in. inthickness. The physical 
properties of the metal are first discussed, following which details 
are given of its manufacture, beginning with the ingot phase and 
proceeding then step by step through stripping and reheating, rolling, 
flattening, inspecting and shearing, and finally, testing. 


days of alloy-steel manufacture. It is used for circular 

saws and saw disks, structural material for bridges, etc., 
ship plate, protective deck plate and armor plate for warships, 
automobile-frame stock, ete. During the war large quantities 
were used as protective plate, not only for warships but for 
tanks, caissons, field-piece shields, ete. For many of these 
purposes the nickel was combined with other alloying elements, 
such as chromium. 

In the past few years a new use has been developed for this 
material in the construction of steam boilers. While not strictly 
a new use, since nickel-steel boilers are still in service that were 
built over a quarter of a century ago, nevertheless the tonnage 
for that purpose has expanded remarkably since the use of nickel 
steel in 1926 by the Canadian Pacific Railway Company for the 
boilers of 45 locomotives. As a result of this successful applica- 
tion a large number of boilers subjected to high pressure have 
been built in whole or in part of nickel steel, and the production 
of this material has stimulated its use where a plate of high 
physical characteristics is desired, not only for boilers and pres- 
sure vessels, but for other structural purposes. 

This paper deals, therefore, not with the whole gamut of nickel 
steels, but simply with those having between 2 and 3 per cent 
of nickel and no other alloying elements, such as are used for 
boilers, and is further confined to the manufacture of fairly large 
plates between '/, and 1'/, in. in thickness. 

In general, however, the practice to be described is equally 
applicable to the manufacture of other alloy steels and other 
sizes. Essentially, the difference between the practice in manu- 
facturing alloy-steel plate and carbon-steel plate is not due so 
much to the nickel or other alloying element contained as it is 
to the fact that alloy steels must be ‘‘killed’’ in order fully to de- 
velop their best characteristics. 


N ‘tes o alloy plate has been employed since the early 


PuysicaL Properties OF NICKEL STEEL 


While not strictly within the province of the paper, some 
consideration may properly be given to the physical properties 
developed in nickel steel. Table 1 shows the analysis and ten- 
sile properties required by a representative specification for nickel- 
steel boiler plate, the average results of 523 tests on such steel, 
and, for comparison, similar results on a carbon plate steel. 

Primarily nickel steel is used because its strength is higher 
than that of carbon steel while its ductility is practically the 
same. But, in addition, the other qualities which are desirable, 
even necessary, in a boiler are developed with nickel steel to a 
higher degree than with any other material, so that it is peculiarly, 
almost uniquely, suited to boiler requirements. 

These additional qualities are its physical characteristics at 


' International Nickel Company. 
* Metallurgist, Lukens Steel Company. 
Presented at the National Meeting of the A.S.M.E. Iron and Steel 
Division, Chicago, Ill., November 14 and 15, 1928. 
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high temperatures, its excellent impact values, its resistance to 
embrittlement in boiler service, and its uniformity. 

Physical testing of boiler materials at room temperatures 
and under usual conditions can at best be only an approxi- 
mate guide to their suitability for boiler service. At best the 
working temperature of a boiler is some 200 deg. fahr. higher, 
in a temperature range where changes occur in the nature of 
the steel. But even worse, with the temperatures and pres- 
sures now being used, the steel enters the ‘‘blue-brittle’’ range, 
where an ordinarily soft and ductile metal unaccountably loses 
its toughness and becomes very brittle, although the strength 
is greater than when cold. A piece of boiler steel which can be 
bent double when cold will break off short at this temperature 
and the fracture will have the characteristic blue color which 


TABLE 1 COMPARATIVE DATA ON NICKEL AND CARBON 
PLATE STEELS 
Percentage Analysis of 3 Per Cent Nickel Steel 

Average Specified 
Carbon.... 0.163 0.20 (max.) 
Manganese 0.557 0. 40-0. 80 
Phosphorus. . ; 0.021 0.045 (max.) 
Sulphur..... 0.029 0.045 (max.) 
Silicon. . 0.203 Not specified 
Nickel. 2.960 2.75-3.25 


Tensile Properties of Nickel and Carbon Plate Steels 
3 per cent nickel steel Carbon steel 


Avg. 523 Avg. 385 
tests Specification tests 
Ultimate tensile strength, Ib. 
Yield point, lb. per sq. in...... J 


Elongation in 8 in., per cent... 


Not deter- 


Reduction of area, per cent... . 


Izod impact, ft-lb... 


alike indicates the temperature and the derivation of the term 
“blue-brittleness.”’ 

The superiority of nickel steel at these high temperatures is 
shown concisely in graphic form in Figs. 1 and 2° and only a 
brief reference can be made here to the resistance to corrosion 
and cracking of nickel steel. 


MANUFACTURE OF NICKEL-STEEL PLATE 


During the steel-melting phase of the manufacture of nickel- 
steel plate it is necessary to use the ordinary precautions taken 
to insure the production of a good, sound steel, but otherwise the 
melting is not difficult. The nickel is usually obtained in part 
by charging nickel-steel scrap, such as shear scrap, and in part 
by the addition of metallic nickel to the charge. Since nickel 
is not oxidized during the progress of the heat, it is simplicity 
itself to hit within the specified analysis range. 

Either the acid or basic process may be used, but the basic 
open-hearth seems to be more in favor at the present time, as 
the major part of the nickel steel for plates has been made on 
basic bottoms. The furnaces themselves are conventional in 
every respect, of from 50 to 100 tons capacity, and fired with 
oil or gas. 

Tue InGot PHase 


The handling of the metal in the ingot phase, important in 
the manufacture of any steel, is doubly so with the alloy steels, 
and the utmost care and minutest precautions are amply re- 
paid later on by fewer defects and less rejections. 

First, and most important, is the “killing’’ of the steel. Car- 


3 For more detailed information on this subject see ‘Alloy Steel for 
Boiler Construction,’ Trans. A.S.S.T., 1928. 
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bon-steel plate generally is of the unkilled or ‘‘rimming’’ type 
of steel; that is, the silicon and other degasifying elements are 
purposely kept low and the metal holds in solution large quan- 
tities of gas. During solidification a portion of this gas escapes 
from the steel, but there still remains enough to cause in the ingot 
a large number of blowholes. The volume of these blowholes 
counteracts the voids caused by the shrinkage of the steel during 


Steam Pressure 
Lbs. per sq, in. Absolute 
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Fic. 1 Comparative Properties oF Low-CarRBON AND 5 Per CENT 
NICKEL STEELS AT DIFFERENT TEMPERATURES AND STEAM 
PRESSURES 


solidification, and therefore there is no “pipe” at the top center 
and running down through the ingot. In carbon steel the blow- 
holes are welded up and leave little trace in the finished prod- 
uct of their original existence. 

With alloy steels, however, such blowholes do not weld up 
satisfactorily. For this reason and others all alloy steels are 
“killed.” This is accomplished by the addition to the metal 
in the bath or ladle of such elements as silicon, manganese, and 
aluminum, which eliminate most of the gases. The result of 
course is that the shrinkage of the molten steel causes a shrinkage 
void or pipe to oceur in the top center of the ingot, but aside 
from this the ingot is sound and free from voids. In order to 
reduce and localize the pipe and also to insure sounder metal, 
it is customary with alloy steels to employ a refractory hot top 
on the ingot mold which, by keeping the steel hot at that point 
and allowing it to be the last to solidify, accomplishes the de- 
sired purposes. 

Aside from the employment of the hot top, the design of the 
mold is most important, and the taper, wall thickness, and pro- 
portions are given careful consideration. A mold with fluted 
walls has recently come into favor and seems to give excellent 
results. 


Im pact- Ft Ibs. per sq.in 


A satisfactory-sized ingot mold is 48 in. X 21 in. X 19,000 
Ib. An ingot from such a mold equipped with a hot top will 
have about 3000 Ib. of metal to be discarded from the hot top. 

In rolling plate by far the greatest number of rejections are 
due to surface defects, and an imperfection originally in the 
ingot surface will often persist through to the finished product. 
The greatest care is necessary in pouring to avoid such defects, 
Splashes, laps, stop pours, and mold pulls are all eliminated 
as much as possible. It is claimed that the process of bottom 
pouring, whereby a group of ingot molds are simultaneously 
fed from the bottom through a central downtake, results in a su- 
perior ingot surface. Such a system has, however, at least two 
serious objections. First are the unavoidable complications in- 
volved, such as setting up the bottom plates and runners and 
later removing the steel which filled them from the ingots; and 
second is the fact that refractory material is often cut loose from 
the runners by the stream of molten steel and becomes embedded 
in the ingot. An inclusion in an ingot resulting from such re- 
fractory material is often more serious than the minor surface 
defects the process is supposed to eliminate. 

Therefore, while in the past bottom pouring has been largely 
employed, especially on deck plate of alloy steel, recently the 
trend seems to have been toward top pouring. When due care 
is taken to pour slowly and uniformly and to avoid splashes, 
the results have been quite satisfactory. Box pouring of two 
or more ingots simultaneously has given good results. 

To assist in producing a good surface, mold washes are em- 
ployed by some. These washes may be either the simple tar-smoke 
coating made by placing some tar on the mold stool or bottom, 
a tar or lime wash, or a wash containing flake aluminum. The 
latter has the dual advantage of giving a good, clean surface 
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Fic. 2. ComMPpaARATIVE AGING AND RECRYSTALLIZATION TesTS ON 
5 Per Cent NiIckeL AND Low-CarBon BorLerR STEELS 


for the metal to lie against, as well as eliminating any small 
surface blowholes through the chemical action of the aluminum. 

Another scheme employed by one of the largest alloy-plate 
producers was to place in the center of the mold before pour- 
ing a stovepipe of blue-annealed steel some 10 to 12 in. in diameter. 
This avoided all splashing and, as the stovepipe was melted 
quickly, there was no danger that it would be incorporated in 
the ingot. 

STRIPPING AND REHEATING 


Paradoxically, large plate ingots of steel and fragile glassware 
require equally delicate handling after passing from the molten 
to the solid state. It is desirable, therefore, that an ingot should 
not be allowed to become cold until after some work has bee? 
done on it. 
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IRON AND STEEL 


As soon as the ingot has had time to solidify throughout it 
should be stripped from the mold, but this should be done, if 
possible, where there is no likelihood of the tender outside sur- 
face, being chilled. It is preferable to remove the ingot and 


— 


48 & 21-In. (19,000-La.) CorruGATED NicKeL-STEEL INGoT 
C,021; Mn, 0.75; P, 0.010; S, 0.020; Ni, 2.09; Si, 0.18.) 


Fic. 4 Motp Set-Up Snowrne Box Povrinc or 48 X 21-IN. 
(19,000-LB.) INGots 


mold to the soaking-pit building and there strip the ingot and 
place it immediately in a pit. 

The pit should be as nearly as possible at the temperature 
of the ingot, and for an hour or more—for the usual-size ingot— 
no effort should be made to increase the heat. This time should 
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be allowed to equalize the temperature beween the hot interior 
and the colder exterior of the metal. Then the heat should be 
gradually applied and the ingot brought up to rolling temperature 
slowly, using a smoky flame. If too great a heat or a highly 
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Fic. 6 206-In. Four-Hicu Reversinc 


oxidizing flame is used the original scale on the ingot will be 
washed off, and it will subsequently be found that it is extremely 
difficult during rolling to clean the plate of the second scale 
which forms. 

If it is impossible to heat the ingots immediately, they should 
be placed in a spare pit where they will be protected from chilling 
and where the equalization of heat can take place. At all events, 
the ingots should not be allowed to become cold. 


ware 
ould 
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The initial rolling temperature of nickel steel for plate should 
be about 2150 deg. fahr. 


ROLLING 


Two methods of rolling plate are in vogue; either the ingot 
is rolled directly into plate in one operation, or it is first 
slabbed—i.e., reduced about one-half in thickness—and the 
slabs reheated and rolled to completion, usually on another mill, 
but occasionally on the same one. The slabbing process has 
some advantages. More cross-rolling of the ingot can be done, 
and rolling in two directions gives better equalization of physical 
properties. Also, if necessary, the slabs can be allowed to cool 
and surface defects chipped out, after which the plate is finished. 
This is advantageous when rolling nickel and other alloy steels 
which are peculiarly liable to surface defects. 

It is essential to employ some means for cleaning the plates 
during rolling. With carbon-steel plate water is sprayed on 
the plate during the latter part of the rolling, and during the 
last few passes salt is scattered over the surface; this causes a 
sudden evolution of gas as the rolls press it against the hot metal, 
which blows off any loosely adherent scale. Nickel steel re- 


Fic. 7 STRAIGHTENING or 206-IN. 


quires more strenuous measures. In some cases coal dust has 
been substituted for salt, and in Great Britain broom, heather, 
brush, and twigs have been used. Considerable experience 
has shown, it appears, that the best cleaning is accomplished 
by the use of high-pressure water, salt, and old burlap soaked 
in brine. The water is directed from a series of jets at the sur- 
face of the plate as it passes through the rolls; the salt is applied 
at any time during the rolling and quite generously during the 
last few passes, while the brine-soaked burlap is thrown by men, 
especially stationed for that purpose, in such a way as to hit 
the spots which need cleaning just as the rolls strike them. Care 
and attention are productive of better results than is the choice 
of cleaning materials. 

Such methods of cleaning, used for many years in the pro- 
duction of protective deck plate, have had one glaring defect. 
They clean only the top surface, the theory perhaps being that 
the embedded scale will fall from the bottom surface in due 
time. This is not the case, and although it is not absolutely 
essential that both surfaces be good for deck plate, it is for boiler 
and firebox plate. The company which has rolled the largest 
tonnage of nickel-steel boiler plate has apparently solved this 
problem by the use of a very simple, cheap, and ingenious de- 


vice with which the plate is turned over on the tables during 
rolling, whereby both top and bottom surfaces may be observed 
and cleaned. 

The rolling process itself, as pursued at the plant just men- 
tioned, is as follows: The heated ingot is first given one or two 
passes in a longitudinal direction, the purpose of which is to ‘‘sad- 
den” the ingot, followed by rolling for width. When the ingot, 
or slab, has been broken down to about one-half its original 
thickness and to a size suitable for recharging into the soaking 
pits, it is removed from the mill and allowed to cool prior to 
inspection. It is then chipped with pneumatic chisels to remove 
serious surface defects, although in many cases it is taken to the 


Fic. 8 3 Per Cent NicKeL Steet as Rotiep. 100 
(Specimen taken from a 273 X 145 X !*/j¢-in. front barrel sheet.) 


Fig. 9 Same STEEL as IN Fic. 8 Arter NorMauizinc. X 100 


machine shop and the entire top and bottom planed off. This 
drastic and rather expensive treatment has seemed in many 
cases to be justified by the eventual results. 

The cleaned slabs are carefully reheated and _finish-rolled 
on a four-high reversing-type mill. When the plate has beet 
subjected to the heavier drafts and after the top surface has 
been cleaned by the use of burlap and salt, it is run into the 
apparatus set in the table and turned over so that the bottom 
surface can be cleaned and rolling completed. 


FLATTENING 


Ordinary carbon-steel plate exhibits such a slight tendency 
to harden when cooled rapidly that the finishing temperature 
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of rolling and the quenching effect of the flattening rolls make 
comparatively unimportant changes in the tensile properties 
of the metal. Alloy steels are quite different, and important 
effects can be obtained by varying the finishing temperature 
and the rapidity of cooling. 

Generally speaking, the best combination of physical proper- 
ties is obtained with nickel-steel plate if it is not cooled through 
the critical range too quickly. For that reason it is well to plan 
on finishing actual rolling at a good red heat (1450-1500 deg. 
fahr.) and allowing the plates to cool slowly through the criti- 
cal range on the cooling bed by piling one plate on top of another 
or by taking them off the beds, piling and covering with sand, 
and then restraightening. 

There is a growing conviction among plate users that plates, 
even of carbon steel, should not be used in the ‘‘as rolled’’ con- 
dition, and that principles of safety and efficient use dictate a 
normalizing of plates prior to use. It is not known that this 
heat treatment is being given, except sporadically, by any mill, 
but it seems to be accepted that sooner or later all plants will 
be equipped with furnaces sufficiently large to heat-treat all 
plates. Both the manufacturers and users of alloy-steel plate 
will be benefited by such a change, though it must be admitted 
such practice would be more of the nature of a refinement than 
a necessity. In this connection it is of interest to note that the 
plates of nickel steel for the latest locomotives were ordered 
by the railroad to be normalized after rolling. 

The gage of the plates has also an effect on the hardening, and 
for that reason the lighter-gage plates are somewhat lower in 
carbon than the heavier ones. The thinner gages, finishing 
colder, would for the same analysis give higher tensile values, 
so that the minimum tensile strength possible with a 2.0 to 3.0 
per cent nickel steel would still be considerably higher than for 
a corresponding carbon steel. 


INSPECTION AND SHEARING 


When inspecting alloy-steel plates, the defects to look for are 
“snakes” and pits or heavy embedded scale. Well over 50 per 
cent of the necessary rejections will be for these causes. 

The reason for the existence of pits and scale are apparent, 
but why snakes appear is still, the authors frankly confess, a 
mystery. Any theory is good until it fails to be supported by 
facts. So far no specific cure for them has been found, and it 
would seem they are simply in the nature of a disciplinary dis- 
pensation to keep the steel maker from finding his career a bed 
of flowery ease. The use of great care during the pouring of the 
ingot and the avoiding of sudden drafts on the ingot just after 
it has been stripped seem to have a beneficial effect in this re- 
gard. 

The only method of dealing with snakes, when they occur, 
is to grind them out. This practice has been permitted by the 
United States Navy for a number of years, and while it is still 
not acceptable to some purchasers, it seems to be an unnecessary 
hardship on the steel mill to be forced to reject plates which 
are otherwise good. The recommended method of grinding, 
if the snakes are not too long, is to use an abrasive wheel of a 
diameter sufficiently great that the trough or groove so ground will 
not have sharp corners. To be sure of removal, the clean ground 
surface should be etched with acid (hydrochloric 1-1 in water is 
good) to develop any remnants. If no trace of the seam re- 
mains after this treatment and the plate is not reduced in thick- 
hess beyond permissible limits, it should be considered good de- 
livery. 

Pits and scale marks are left to the discretion of the inspector. 
If serious or too frequent, they are cause for rejection; if only 
oeeasional and of slight depth, they may be accepted. 

It is at this point that the fact that alloy steels are killed steels 
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is first apparent. The pipe in the top of the ingot, unless the 
slab was cropped, still occupies the same proportion of the plate, 
and this portion must be rejected. This is the reason for the 
comparatively low yield on alloy-steel plate. With the rim- 
ming” carbon steel there is no pipe, and the percentage of usable 
product to total weight will run in the neighborhood of 70 per 
cent. With alloy steels this ratio will be nearer 60 per cent. 
In both cases, of course, the side and bottom shear scrap is the 
same. 

It often requires considerable ingenuity on the part of the 
layer-out to fit his sketch on a plate and avoid on the one hand 
the pipe and, on the other, whatever surface defects there may 
be. 

TESTING 

The usual tensile tests are required, which include longitudinal 

tests from various parts of the plate as well as a top transverse 


Fic. 10 Test on 3 Per CENT NICKEL-STEEL BorLerR 
PLATE 


test. The majority of specifications call for the tensile values 
to be determined from a bottom longitudinal specimen and the 
bending properties from a top transverse specimen. It might 
be well to point out the difference between the tensile tests in 
a killed alloy steel and a rimming or open steel. The former, 
due to being killed, is very uniform, showing little difference 
between the tensile test taken from the top and that taken from 
the bottom, as well as little differences between the transverse 
strength and the longitudinal strength. The open steel, how- 
ever, which is from its nature a segregating steel, will show con- 
siderable variations between the top and bottom tensile tests, 
as well as between the longitudinal and transverse tests. By 
the same token, the variation in analyses of the nickel steel 
between any two parts of the plate or ingot is very much less 
than in carbon steel, which results in a more uniform product. 

Microscopic examination is rarely called for. The main de- 
fects which show up under such examination are laminations 
and large grain. The latter is due to high finishing temperatures, 
and is of no importance if the steel successfully passes the ten- 
sile and bend tests. 

Laminations are of two kinds. The first is due to a segre- 
gation of the pearlite and ferrite constituents of the steel into 
layers, and is quite common in all plates. It is probably due to 
the unidirectional work done on plates and is rarely a serious 
defect. The other is an actual separation of the metal and is 
usually caused by incomplete cropping of the plate, so that a 
portion of the pipe remains. 


CONCLUSION 


Emphasis has been placed throughout this paper on the de- 
fects occurring in the manufacture of nickel-steel plates, but 
which, for that matter, are common to all alloy-steel plates. 
The danger is that this emphasis will give the false impression 
that such plates are difficult to make and of doubtful reliability. 
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Such is not the case. Without going further, the subject has 
been briefly summed up by one of the largest users of nickel- 
steel plate, who reported that the surface of the nickel-steel 
plate delivered to him was the equal of that of carbon-steel plate, 
and stated that, disregarding the alloy entirely and comparing 
them on an equal basis, the nickel-steel plates were better than 
the carbon-steel ones used at the same time, and that there 
were more rejections of carbon steel than of nickel steel. This, 
however, is not meant to imply that the purchaser should ex- 
pect a better surface on nickel steel than on carbon steel. 


Discussion 


W.J. MacKenzir.‘ Experience has taught us that high-grade 
alloy steels of today are possible because each and every opera- 
tion from the selection of the charge, the melting, refining, pour- 
ing, heating, rolling, ete., has been carefully studied. However, 
many problems are still without a definite answer. For example, 
today for the first time a real study of slags, their composition, 
reactions, etc., is being made. Up to this time we have only 
known their general behavior. Further, there are the unknown 
constituents of steels, the so-called dissolved gases, the nitrides 
and oxides. The writer believes the day is not far distant when 
we shall be able to explain the different dynamic results obtained 
on different heats of the same chemical analysis by a more inti- 
mate knowledge of the chemistry of these oxides and nitrides, 
and shall be able to state which are harmful and which are 
not. 

In the paper mention is made of a satisfactory ingot mold for 
plates, which is 48 X 21 in. and casts an ingot weighing 19,000 Ib. 
The statement follows that the hot top on the ingot will contain 
about 3000 Ib. of metal. Then later it is stated that the usual 
yield on alloy plates is about 60 per cent. In a conversation the 
writer had with Mr. McKnight he pointed this out and explained 
that in this 19,000-lb. ingot more than 3000 lb. of hot top is dis- 
carded to get to sound steel. Or, if only the hot top were dis- 
carded the yield would be 84 per cent instead of 60 per cent. 
This leads the writer to wonder why larger hot tops are not used, 
and if the ingots are poured with the big end up or down. For 
our purposes the big-end-up mold seems to work the better, and 
our hot tops are sufficient to take care of all piping and segrega- 
tion. 

Some mills roll their alloy plates direct from the ingot, while 
others double-convert. We double convert all our bar stock that 
we furnish in rounds, squares, and flats. The ingots are rolled 
into billets, which are pickled and chipped. They are then re- 
heated and rolled into the finished bar form. Pickling is espe- 
cially helpful to us because it shows up all surface defects, which 
sometimes cannot be seen through the scale, and this is particu- 
larly true of the nickel steels because of their greater tendency 
to scale. The writer wonders if pickling the billets or slabs for 
plates is employed. 

In conclusion, the writer is glad to note the interest being shown 
in alloy steels for high-strength work other than automotive. 
They have a definite place, and will find an ever-growing field 
for their application. The steel mills are all glad to help on any 
problems presented, and maintain large staffs of metallurgists 
for this purpose. 


WituiaM A. Newman.’ Just what practical results the Cana- 
dian Pacific Railway Company has obtained with the use of 
nickel-steel boiler plate may be of interest. 


4 Vice-President, Interstate Iron and Steel Company, Chicago, III. 
5 Chief Mechanical Engineer, Canadian Pacific Railway Co., 
Montreal, Canada. 


Early in 1926, when we decided that we would increase our 
standard boiler pressure from 200 lb. to 250 lb., we anticipated 
that our boiler maintenance would be more difficult and expen- 
sive, but were willing to accept the more adverse circumstances in 
view of the greater capacity and efficiency that could be obtained 
by the use of higher boiler pressures. Forty-four locomotives 
were constructed during 1926, and somewhat to our surprise the 
increased maintenance difficulties have not developed; in fact, 
our 250-lb.-pressure locomotive boilers constructed of nickel ster! 
actually gave less trouble through leaks than is the case with 
boilers carrying the maximum pressure of 200 lb. per sq. in. 

During fabrication nickel steel is no more difficult to drill than 
carbon steel, but is naturally somewhat stiffer to roll. There is 
necessarily a certain amount of hand flanging in a locomotive 
boiler in order to set up portions of the boiler tightly in contact 
with the adjacent plates or foundation rings, and we do find that 
it is much harder to set nickel steel than it is carbon steel. Once 
the plate is set, however, it stays that way and this is also true of 
calking the plate, it being slightly harder to work; but as was 
stated for the flanging, once the material is worked to its fina! 
position it remains that way, to which, of course, we attribute 
the excellent service that we have had from our boilers in that 
they have not developed the minor leaks, etc., that all locomotive 
boilers are more or less addicted to with the constant working and 
vibration to which they are subjected. 

Altogether from early in 1926 up to the present the Canadian 
Pacific Railway Company has put into service 72 locomotives, 
including two locomotives operating under 275 lb. pressure, in 
which nickel steel has been used for all the main-course plates and 
also to a certain extent for tube sheets, firebox, and wrapper 
sheets. The use of nickel steel was of course purely experimental, 
and was our answer to the increasing difficulties of building large 
locomotives and keeping them within weight limitations. Our 
experiment has been successful in every way so far as the actual 
fabrication and operation of boilers is concerned, and incidentally 
the weight saving that was effected in boiler plates amounted to 
approximately 28 per cent. 


C. A. Setry.* The entry of alloy-steel plates into steam- 
boiler designs, particularly those of locomotive boilers for railway 
use, has mainly been brought about by weight considerations in 
connection with large-capacity requirements in railroad service 
‘The higher tensile strength afforded has permitted an increase 0! 
steam pressure without proportionate weight increase. 

The C. P. R. locomotives as quoted in the paper carry 250 |b 
steam pressure as against 200 Ib. for approximately similar boiler 
designs built of carbon steel. We hear of somewhat higher pres- 
sures being employed in stayed-plate locomotive boilers up to 
275 lb. and possibly to 300 Ib. 

Quoting from the fourth paragraph of the second page of the 
paper: “With the temperatures and pressures now being used, 
the steel enters the ‘blue brittle’ range, when an ordinarily so/t 
and ductile metal unaccountably loses its toughness and becomes 
very brittle, although the strength is greater than when cold. 
As stated, an unsafe condition is entered into when stcam tem- 
peratures approximating those of the so-called “blue brittle” 
range are employed with the use of carbon steel. 

In the C. P. R. boilers mentioned, alloy steel was used in the 
shell and outer sheets, which were not increased in thickness over 
previous designs. These sheets are swept by the steam and water 
and the temperature of the 200-Ib. saturated steam, as formerly 
used, was 388 deg. fahr. That of 250-Ib. is 406 deg., an increas? 
of 18 deg. or 4.5 per cent for a 25 per cent pressure increase. I! 


6 Consulting Engineer, Locomotive Firebox Company, (hic#£ 
Ill. 
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we go to 300 Ib. it requires a further addition of 14 deg. or 422 
deg. fahr. steam temperature. 

The word “brittle” is ordinarily defined as “easily broken, apt 
to break, fragile, not tough, or tenacious.’”’ One would infer from 
the language of the paper that the steel as ordinarily applied in 
our boilers becomes brittle in some of the above senses with even 
moderate increases in pressure and temperatures. 

The writer finds it difficult to accept the conclusion in the paper 
on this feature, even while assuming all the possible advantages 
set forth in favor of alloy steel. 

We are all aware that steel properties vary with temperatures 
and that the tests as outlined in various specifications are to be 
made at normal room temperatures and that a so-called factor 
of safety, or more appropriately, perhaps a factor of uncertainty 
is used in design. Some have been forthright enough to call it a 
factor of ignorance. 

If alloy steel is used for firebox material, there is a somewhat 
greater range of temperature of the sheets exposed to fire. If the 
surfaces are clean the resistance to the passage of the heat through 
the plates is very small indeed. A resistance is built up with scale 
on the water side, adding somewhat to the sheet temperature en- 
gaged in the transfer of heat to the water, and upsetting all the 
scientific deductions by the extreme variability of thickness and 
resistance to heat conductivity which is affected thereby. 

Thus is permitted a further excursion into the “blue brittle” 
range of temperature, of an entirely unknown and variable 
amount, for the firebox sheet, rendering it more and more brittle 
and unsafe, if the language in the paper is to be accepted as stated. 

Nevertheless, and notwithstanding, more or less of the 70,000- 
odd locomotives in the United States have thus been operated 
these many years in an unsafe condition, although not evidenced 
by failures that can be traced to operation in the “blue brittle” 
tempcrature range. 

We all know that firebox sheets crack and fail miserably some- 
times, but it is plain to engineers that the locomotive boiler is 
the most abused steam generator in use, particularly in its ter- 
minal handling, where probably 90 per cent of the general main- 
tenance—listing as such, cracks, leaks, sheet renewals, broken 
staybolts, ete.—is initially caused by stresses set up in terminal 
handling and not in normal operation. 
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Any development and improvement in boiler metals that will 
have a tendency to minimize the effects of these conditions is 
surely very laudable and worthy of most serious consideration 
of this and other engineering societies. 


Leon CamMEN.’ Several discussers have made reference to 
leaks on locomotive boilers. Such boilers leak because the 
rimmed steel of which they are made is steel which contains gases, 
chiefly carbon monoxide, at the time it is being chilled. The 
result is that the steel is full of small bubbles, which, contrary to 
the statement of the authors, are not squeezed out when the steel 
is rolled, but are changed in shape. Because of the presence of 
carbon monoxide the surfaces of these bubbles are not oxidized. 
If there were any oxidation the carbon monoxide at that tempera- 
ture would immediately convert itself into carbon dioxide. The 
bubbles cannot weld 100 per cent without dissolving the carbon 
monoxide, which of course is impossible. Therefore a bubble 
will weld up to about 90 per cent perhaps, the remaining 10 per 
cent being a tiny cavity filled with gas under very considerable 
pressure. 

The action of this tiny bubble with reference to shocks, and 
particularly to vibrational stresses, is exactly the same as would 
be the action of a notch in a piece of steel. In other words, a 
plate of rimmed steel contains throughout its body a series of 
spots so arranged that the development of stress, strain, and 
failure is predetermined by the shape and direction of the bubble. 
Sooner or later it will begin to crack, and if several such bubbles 
happen to be located one next to the other across the thickness 
of the plate, a leak will result. 

The nickel steel described in the paper is a killed steel, or one 
which is thoroughly degasified. There is no carbon monoxide in 
it at the time the steel sets, and therefore it is not so subject to 
leaks and gives less trouble than ordinary plate steel. If we took 
the same pains and made the carbon steel a killed steel, it would 
probably be free from bubbles and at least as free from leaks if not 
as strong as the nickel steel. It would, though, have a greater 
tendency to oxidize than does nickel steel. 


7 Consulting Engineer, New York, N. Y. 
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Rolling-Mill Lubrication 


By L. P. TYLER,' PITTSBURGH, PA. 


The author confines his discussion to those modern installations 
where lubrication is effected by means of a system which automatic- 
ally circulates a single lubricant. He first considers the mill mem- 
bers best adapted to such lubrication, following which he outlines the 
conditions to be satisfied for correct lubrication. The requirements 
to be met by the lubricant are then enumerated, and instructions are 
given for its application and handling. Finally the advantages of 
such a system in the way of economy and in the compactness of 
design it permits are pointed out. 


test the skill of the lubrication engineer than does the iron 

and steel industry. Rolling-mill machinery, in particular, 
presents many unusual problems of lubrication because of the 
severity of service under extremely unfavorable operating condi- 
tions. 

Oils and greases should be carefully selected to meet the 
variety of operating pressures, temperatures, speeds, and con- 
taminating influences of dust, dirt, scale, and water to which they 
will be subjected on the various types of rolling-mill equipment. 

In addition, it is important to select a method of application 
which will provide continuous film formation with the proper 
lubricant at maximum economy and with due regard to safety 
and conservation of the operator's time. 

Equal care must be exercised in conditioning oil which is re-used, 
and in its handling and storage, to preserve the original purity 
and cleanliness of the lubricant for as long a period as possible. 

The application of these principles to the definite problem of 
the lubrication of modern rolling-mill driving equipment will 
now be considered. 

In recent years the general introduction of the electric drive 
has effected some very marked changes in the rolling of steel. 
Changes in methods of rolling have altered the power require- 
ments, increasing the loading and mill speeds so that mill tonnages 
today are much greater than they were ten and even five years 
ago. The art of rolling steel has usually led and seldom lagged 
in the advances of the iron and steel trade. From 1783, when 
Henry Cort obtained his patents for puddling iron and rolling it 
into bars, the design of machinery has steadily improved, both 
in power and accuracy. At no period probably have these ad- 
vances been so rapid as within the past five years. 

The purpose of this paper is to indicate how the science of 
lubrication has fitted into the scheme of progress. Probably in 
no other industry is the necessity for continuous operation of more 
importance; and in no other is there greater loss as a result of 
forced shutdown. Increase in the size of ingots rolled, the de- 
velopment of high-speed motor-driven continuous mills, and 
greater competition in the steel market have further enhanced the 
value of reliability as well as operating economy. 

Continuous operation at minimum cost per ton is the result 
sought. Many forces militate against this objective, such as 
roll changes, short orders, furnace operation, mill breakdowns, 
and repairs. Correct lubrication as a factor in maintaining con- 
Unuous operation is therefore of great importance. The auto- 
matic features of the modern mill have substantially reduced 
the cost of operating labor. It is therefore desirable that the 
auxiliary features which serve the main purpose shall assist in 
economical developments. 


Pics ai no industry offers the variety of problems to 


' Vacuum Oil Company. 
Presented at the National Meeting of the A.S.M.E. Iron and Steel 
Division, Chicago, IIl., November 14 and 15, 1928. 
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Discussion will be confined to those modern installations where 
lubrication of reduction gears, mill pinions, and their bearings is 
being secured with a single lubricant applied by an automatic- 
circulation oiling system. Those members of the mill which, in 
the author’s experience, can be served by a system of this sort 
would include those mentioned in the following paragraphs: 


Mitt Memsers Best ADAPTED TO LUBRICATION BY AN 
AUTOMATIC-CIRCULATION SYSTEM 


Pinions and Their Bearings. The function of the pinions is 
to divide the power supplied by the motor through a single shaft 
or spindle among the rolls and to control their direction of rota- 
tion. Their shafts run in plain bearings contained in the hous- 
ings. In the oldest form the pinion teeth ran straight across the 
face, but later it was found that smoother operation resulted from 
dividing the face into two parts and staggering the teeth of the 
two halves. Today pinions are made with helical or “herring- 
bone” teeth, and are accurately machined and generally heat- 
treated. This tends to materially reduce vibration inasmuch as 
some parts of the teeth are always in contact and transmission of 
the power is continuous. It also permits much higher peripheral 
speeds. Pinion speeds are likely to vary from 10 to 500 r.p.m. 
and higher. A typical high-speed pinion on a strip or skelp mill 
will have a pitch diameter of 12 to 14 in., a face width varying 
from 20 to 28 in., and a circular pitch of approximately 2in. At 
the other extreme a typical pinion for a large blooming mill would 
be approximately 60 in. long between the necks, and have a pitch 
diameter of 40 in. and 14 teeth. 

Early lubrication practice was to give the pinions an occasional 
dressing of pine tar, plumbago and tallow, or other mixture of 
grease. This practice was followed later by having the housings 
cast in one piece so as to form an oil bath in which the bottom 
pinion was partly submerged. This has in turn been followed 
by the present practice of spraying a heavy-bodied oil under 
pressure to the teeth at the line of mesh. 

The design of the pinion bearings has likewise undergone some 
very decided changes. In the early stages these bearings con- 
sisted of babbitted cast-iron shells with pockets cored for the 
storage of grease for the lubrication of the journals. The advent 
of cut-tooth pinions necessitated a greater degree of accuracy in 
the mounting and alignment, as well as more efficient means of 
lubrication. It was generally believed that a heavy oil or gear 
shield was necessary for the pinion-tooth lubrication and a lighter 
oil for the bearings. This necessitated a design which would 
separate the two lubricants, a rather difficult task. To over- 
come this, oils have been provided for the lubrication of pinion 
teeth as well as the pinion journals. The use of a single lubricant 
for both pinions and bearings simplifies the design and saves 10 
to 12 in. in the length of the pinions. Babbitt is used as a bear- 
ing metal on practically all installations. 

Reduction-Gear Drives. The present high-speed mills have 
introduced accurately cut single- and double-helical reduction 
gears in single or multiple reductions, serving one or more roll 
stands. The horsepower transmitted will vary from 500 to 
5000. 

The bearings for the gear drives are generally of the ring-oiled 
type, although roller bearings have been used on a number of 
recent installations. Here again the bearings were, until re- 
cently, designed for the use of lubricants on the gear teeth dif- 
ferent from those on the bearings. The use of a single lubricant 
permits simplification in design with a material decrease in bear- 
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ing centers, which latter is important in the elimination of shaft 
deflections. 

Roller Bearings on Roll Necks. The recent progress made in 
the application of roller bearings on the roll necks of rolling mills 
and also on pinion stands is worthy of note. Their correct lubri- 
cation is simpler and much more economical than the former de- 
sign. Owing to their location it is not always desirable to tie 
in the roll-neck bearings with the oiling system serving the gears 
and pinions. Experience has shown that where they are subjected 
to severe washing action the water is readily carried into the 
system on oil-lubricated bearings. This may later be overcome 
by improved sealing arrangements. 


Correct LUBRICATION AS RELATED TO PRESENT PROBLEM 


Correct lubrication results from the complete and continuous 
separation of the rubbing surfaces of the gears, pinions, and their 
bearings by an oil film of sufficient strength to resist the pres- 
sures, with minimum fluid friction. There must be arrangements 
for a continuous supply of clean, cool lubricant of the proper 
quality without waste. 

Correct lubrication as related to the present problem must 
satisfy the following conditions. 

1 Reliability in Terms of Permitting Full and Continuous 
Production. There must be assurance of a sufficient supply at 
all times of the proper lubricant to permit normal operating tem- 
peratures of gears, pinions, and their bearings. The mechanical 
features of the system itself should introduce no elements in 
which breakdowns are likely to occur. 

An important advantage, as noted above, resulting from the 
use of a single lubricant is the elimination of the danger of con- 
tamination of the gear lubricant with the bearing lubricant, and 
vice versa. There is always a tendency for this transfer regard- 
less of the care exerted by the manufacturer in sealing the bear- 
ings and equipping them with slingers and oil-drain grooves. 

The frictional heat developed between the meshing teeth of the 
gears spreads to the bearings and gear case. Where a circulating 
oiling system is not employed, all of the heat developed must leave 
by radiation from the gear case. The difference between the 
temperature of the gear unit and that of the room is termed “‘fric- 
tional temperature.” Gears operating at high speeds and lubri- 
cated by the splash of heavy oils often develop heat so rapidly 
that the frictional temperature becomes excessive. Under such 
conditions a circulating oiling system permits a flow of oil to 
the gear teeth, and the oil therefore becomes a coolant as well as 
a lubricant, radiating the heat to the atmosphere in its passage 

through the system. 

The ring-oiled bearings of the drives are in effect a miniature 
automatic-circulation oiling system. Their limitations are the 
small volume of oil in service and inability to control the rate 
of feed. In large-size, high-speed, and heavily loaded bearings 
the pumping capacity of the rings may be less than that required 
to assure normal operating temperature. The modern system 
of lubrication offers a means of 

(a) Changing the oil automatically and continuously 
(b) Maintaining a constant level 
(c) Varying the feed to meet the operating condition. 

These result in a supply of clean and cool oil in sufficient quan- 
tity to maintain a strong supporting film, and also act as a coolant. 

2 Maximum Life of Equipment. With the older machinery, 
frequent replacements were necessary and were not so expensive; 
but with the higher cost of new machinery, replacements are 
costly and shutdowns seriously interfere with production. The 
continuous action of supplying and withdrawing a fluid lubricat- 
ing medium to and from the gears, pinions, and their respective 
bearings, permits the immediate removal of dust, mill dirt, scale, 
and other solids which act as abrasives, producing rapid wear. 
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3 Lower Operating Costs. Under this item should be con- 
sidered the smaller consumption of power and the reduction in 
oiling labor and in the cost of lubrication. The rapid absorption 
and removal of heat by a cool fluid lubricant, together with 
minimum fluid resistance, produces low operating temperatures 
and maintains the proper alignment of the machine parts. This 
assists materially in the reduction of frictional losses and therefore 
permits high operating efficiency. 

It is a well-known fact that the movement of the roll necks in 
their bearings, the pinions and their bearings, the driving gears 
and bearings as well as spindles, couplings, etc., imposes a very 
considerable frictional resistance, depending upon the design and 
operating conditions of the mill. Numerous tests have been run 
with the desire to determine exactly the power required to rol! 
steel of various sections, and also to determine the frictional re- 
sistance of the moving parts. Reliable tests show, for instance, 
that the total power developed by a reversing-mill engine is (lis- 
tributed about as follows: 


Per cent 
Actually deforming the steel 30 
Overcoming idle friction of the engine parts 27 
Overcoming roll-journal friction 13 


Overcoming acceleration of the parts in reversing 21 
Overcoming pinion and spindle friction 9 

The development of roller bearings capable of sustaining the 
loads involved has of course materially reduced the power re- 
quired in overcoming roll-neck friction. On continuous mills 
the power generally required in overcoming pinion, gear, and 
spindle friction runs from 12 to 15 per cent of the total power de- 
livered. Recent tests on modern strip mills, oil-lubricated and 
equipped with the latest refinements, indicate a power requirement 
of about one-half that used in ordinary strip mills of correspond- 
ing sizes. An additional factor is the elimination of any undue 
starting torque, particularly in cold weather. 

The cost of labor in attendance on a well-designed modern 
system is very small, the requirements being merely periodic 
inspection of the various oil-flow indicators, thermometers, 
gages, etc. 

Due to the care exercised by the manufacturer in the design of 
bearings as well as gear and pinion housings, the mechanical losses 
of oil are practically nil. 


APPLICATION AND HANDLING OF THE LUBRICANT 


Primarily the lubricant is applied by means of a circulation 
oiling system. The system consists essentially of 


1 A main supply line with branches to the various elements 
to be lubricated 

2 A common return line into which drain the individual re- 
turns from each element 

3 A suitable return tank to rest and cool the oil, and separate 
the heavy impurities and water 

4 A means of cleaning and purifying the oil and pump 

5 Clean-oil storage capacity. 


The oil is applied to the gears under a pressure of 20 to 30 lb 
per sq. in. by means of properly designed spray nozzles. These 
nozzles deliver the oil to the gears close to the line of mesh * 
that at the moment of contact the gear teeth are generously sup- 
plied with lubricant. The oil to the pinions is supplied at the 
top of the housing and cascaded into the engaging teeth by meats 
of baffle plates suitably arranged. Suitable regulating devices 
permit control of the oil flow, and sight-flow indicators enabl 
the operator to detect at a glance the quantity of flow. Suitable 
return piping drains the oil from the bottom of the ge 
case or pinion housing into a large return tank. Supply line 
and regulating sight-feed oilers also furnish clean, cool oi! to the 
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bearings, and the oil is returned from the bottom of the bearing 
reservoir to the return tank. 

After the oil has done its work it should be given a short period 
This is for the purpose of dropping out solid impurities 
and water. This is accomplished in the return tank, the size of 
which depends of course on the volume of oil which it is neces- 
sary to circulate. 

Additional cleaning is given the oil by some arrangement for 
bypass purification intended to assure the thorough and complete 
removal of water and insoluble impurities. 

A clean-oil supply tank is used to store the conditioned oil and 
to assure a generous supply of lubricant at all times. This also 
permits the oil to cool, thus maintaining its original viscosity. 


of rest. 


REQUIREMENTS TO Be Met By THE LUBRICANT 


The problem of selecting the proper lubricant for steel-mill 
drives is basically composed of the following factors: 

| The lubricant must possess sufficient body to establish a 
film on the working surfaces of sufficient strength to resist rupture 
by the unit pressures imposed. These pressures are most severe 
on the engaging teeth of the pinions because of the shock loads 
to which these parts are subjected. An examination of the power- 
load curves on the motor drives indicates this feature, in addition 
to which the energy given up by the revolving masses must be 
considered. There are variables such as draft, temperature of 
the material, roll condition, etc., which make it extremely difficult 
to calculate, even on similar mills, just what this condition of 
maximum loading on the pinion teeth will be. It is therefore 
logical to select an oil which, by its body and adhesive charac- 
teristics, offers the maximum factor of safety against film rupture. 

This consideration is particularly important in selecting an oil 
for the lubrication of the driving equipment for the modern con- 
tinuous wide-strip mills. The mill builders emphasize the desir- 
ability of exact equalization of working-roll diameters to prevent 
slippage between the rolls and the metal or within the metal itself. 
With unequal roll diameters the spindle torque and the pinion 
tooth pressures may be sufficient to cause rapid pinion wear. 
This is particularly true in rolling wide, thin material, and on 
these mills the requirements for pinion lubrication call for an 
extremely heavy-bodied oil. 

At the same time, a liberal proportioning of the pinion face 
with the resultant reduction in unit tooth pressure is highly de- 
sirable. 

In this connection it is very seldom found that the oils selected 
are too heavy to take care of the bearings properly, inasmuch as 
the working clearances generally allowed are sufficient to accom- 
modate these oils under working temperatures. 

In addition to its function as a lubricant, the continuous wash- 
ing of the gears and pinions with a cool, fluid lubricant maintains 
clean contact surfaces and results in a cooling action. 

2 The lubricant must be adaptable for use in a circulation 
system. This circulation system involves the constant use of 
the same quantity of oil. It is therefore obvious that a properly 
selected, carefully manufactured oil will result in the greatest 
degree of dependability and economy. 

The natural enemies of lubrication which the oil must combat 
are heat, air, water, and solid impurities. Air and heat cause a 
certain amount of oxidation of the oil, forming products, some of 
which are soluble and others insoluble. Water combines with 
products of oil oxidation and other foreign impurities to form 
emulsions in the oil. These factors are overcome by (a) the use 


of a high-quality oil possessing maximum chemical stability, (6) 
by provision for the removal of water and solids by heating, set- 
tling, and cleaning, and (c) by the reduction of soluble oxides 
by cooling and settling. 

Where water is a factor, the roll-neck roller bearings should be 
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separately lubricated by a good grade of grease of the proper con- 
sistency. Sufficient pressure should be applied to the grease 
to maintain a very small leakage from the seals so as to prevent 
any infiltration of dirt, scale, or water. It is also desirable to 
remove these bearings periodically and give them a thorough 
cleaning with light oil. 


CONCLUSION 


The present systems which have been applied to blooming- and 
universal-mill pinions and bearings, as well as the drives, pinions, 
and bearings of continuous mills, are the outgrowth of the demand 
by both the steel-mill operators and equipment builders for a 
lubrication service which would meet modern mill practice. The 
last word has not by any means been said. Improvements in 
the design, manufacture, and placement of the machine parts, 
as well as in roll construction, temperature control, etc., will re- 
sult eventually in the use of lighter-bodied oils than are employed 
at present, with the improved economy which this involves. 

The ultimate economies from the use of a single lubricant are 
not all confined to operation. The practice permits of compact 
design, smaller gear and pinion housings, and the elimination of 
elaborate bearing seals and grooving. 

In conclusion, it may be stated that the lubrication of modern 
high-speed mills is of great importance, has possibilities for sub- 
stantial economies, and is worthy of the most careful thought and 
planning. 


Discussion 


E. A. Franke.? In the lubrication of journals on locomotives 
we have been using a soap grease which is half soap and half oil. 
We have had trouble from the failure of locomotive axles due to 
the high operating temperature. Tests show this to be in excess 
of 400 deg. fahr. What has been the experience of the author 
with grease on heavy machinery? 


W. D. Hopson.* We have specialized on mill work, and we 
question the possibility of making one type of lubricant function 
properly for all kinds of loads, speeds, temperature conditions, 
etc. We have found it necessary to use three different types and 
to use different consistency numbers for each type. 


S. M. Weckstern.* In September, 1927, we installed what 
was the first large anti-friction reduction unit. It was 1500 hp., 
350 r.p.m. The pinion bearing was 12 in. and the gear-shaft 
bearing was 17 in. The gear bearings were lubricated with 600-W 
oil. That unit has been working ever since, and there has 
been no trouble whatever. 

On October 4 of this year we installed a new 28-in. mill, and 
the gear unit used is a 2000-hp. drive, 350 r.p.m. We felt it 
would be advisable to have the bearings lubricated separately 
from the gears and so worked out a system of lubricating the 
gears with 600-W and lubricating the bearings with a separate 
circulating-oil system. The oil pump is mounted on the gear 
shaft. It takes considerable time after starting for the bearings 
to become properly lubricated, and a lubricating system with a 
separate pump is preferable to a pump driven from the gear 
shaft. In any case a level should be provided in the bearing 
chambers for the oil. The bearings installed were large Timken 
bearings. They are run at high speeds, and it is very necessary 
that the lubricant be sent to the bearings at a good rate of feed 
and high pressure in order to keep them cool and clean at all 
times. 


2 Chief Chemist, Rock Island Lines, Chicago, IIl. 
8’ Hodson Corporation, Chicago, IIl. 


4 Timken Roller Bearing Co., Canton, Ohio. Mem. A.S.M.E. 
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Where water conditions are encountered it is impossible to use 
oil. In those cases we use grease and force the grease through 
the closures so as to keep the water out. We are working out a 
special air seal now which we believe will keep the water out 
so that it will be possible to use oil. 


Louis F. Corrin.6 The paper should spur on the adoption of 
the one-lubricant drive, and steel-mill operators should agree with 
the author that the death knell of the gear shield-bearing oil com- 
bination has been sounded for major mill drives. There are 
several important considerations that should shape the trend of 
this development. Accuracy of tooth contour and of bearing 
alignment must be given more attention so as actually to distribute 
the load over at least three-fourths of the tooth face instead 
of only one-fourth or one-half as is now too frequently the case. 
Gear and pinion material of sufficient hardness to give a long life 
is essential in order to justify the expense of the automatic one- 
lubricant oiling system. The author is quite optimistic when he 
states that “mechanical losses of oil are practically nil.” Many 
manufacturers have much to accomplish in improved sealing 
devices, adequate oil pans, drain connections of ample size with 
proper vents, etc., before such drives may be considered oil tight. 
This fact is a serious present deterrent to more widespread use 
of oil for mill drives. Also in many installations, mill-water 
sprays are apt to strike the gear or pinion drives, and more pro- 
tection from this contaminating influence is needed. The ten- 
dency toward using a heavier and heavier bodied oil seems to be 
in the wrong direction. A very heavy oil, say of 1500 to 2000 
seconds viscosity at 100 deg. fahr., as also with a good gear lubri- 
cant and in most cases a good bearing lubricant, has the unfortu- 
nate property of not separating from water and dirt and scale as 
rapidly or as entirely under mill-operating conditions as an oil of 
500 to 1200 seconds viscosity. Continued purity of the oil is 
essential and can be much more easily obtained with the latter 
oil. On account of this, mill main gear and pinion drives should 
be designed to use an oil within the latter ranges. The use of the 
pressure spray is of course to be considered the major means of 
lubricating gears in such drives, as well as the cascading baffles, 
but in certain slow-speed drives these, together with a bath, are 
often advisable. While reduced labor cost in operating such 
systems is generally to be expected, more intelligent supervision 
is, however, required. 


AvTHOR’s CLOSURE 


In regard to what Mr. Franke has said, in many cases the 
type of grease used is dictated by the design of the bearings. For 
instance, on the roller bearings used on conveying tables we are 
using a lime-base grease of about No. 2 consistency, and in places 
where it is subject to severe heat conditions, a No. 3 grade grease. 
These are applied mostly by pressure fittings. 

Due to the heat from the material passing over the rolls, the 
journal temperatures run as high as 200 deg. fahr. The ordinary 
type of lime-base grease which is adaptable for pressure feeding 


5 General Master Mechanic, Bethlehem Steel Company, Spar- 
rows Point, Md. Mem. A.S.M.E. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


is not adaptable to those high temperatures because it turns to 
a thin fluid so easily, so we have reverted to a sponge type of 
grease or what might be called by the chemist a soda-soap grease, 
which has stood up well at these temperatures. In cement mills 
it has always been customary to use grease, and oftentimes the 
grease which has come in contact with the shaft becomes very 
severely charged or hard and caked; in other words, the oil con- 
tent has been withdrawn and the grease has become useless. 
Correct heavy-bodied oils have improved the lubrication. 

The same thing is true in a steel mill. Where there is consider- 
able frictional heat and heat radiated from the material and where 
grease has been used, we have gone to very heavy cylinder oi 
and applied it mechanically in small amounts. And by using a 
cylinder oil that will stick on the journal shaft and by automati- 
cally controlling the rate of feed, we have improved the life of 
the bearing metal many times and lessened the cost. 

From what Mr. Hodson has said, some may have gathered the 
impression from the paper that one oil is desirable for all types of 
equipment. That is not true. Nor is it true that we advocate 
the use of oil on all types of mills, regardless of the design or re- 
gardless of the speeds, temperatures, and pressures encountered. 
We manufacture a range of oils which we have found have worked 
out on various types of equipment, and where we have been in 
doubt as to the pinion pressures or tooth pressures that were to be 
encountered we have found it better to use as heavy-bodied a 
lubricant as could satisfactorily be circulated. Where the me- 
chanical design is such that oil losses are not preventable and held 
within a range, we believe the use of a heavy-bodied grease is de- 
sirable. On the other hand, the advantages from the standpoint 
of a single lubricant we believe are very important. 

On a large strip mill which is now being installed by the 
Wheeling Steel Company at Steubenville and which is to roll 
strip 60 in. wide, the pinions will be connected to a special system 
for handling a heavy-bodied oil under pressure. We do not feel 
that the reduction gears necessarily require an oil of this body, 
so that a separate system will be used for the lubrication of redue- 
tion gears and their bearings. 

One of the first installations was at the Bethlehem Steel Com- 
pany on the four Gautier mills which were put in four years ago. 
The 10,000-gal. oiling system used serves the Morgan pinions, 
reduction gears, and bevel gears. The Weirton Steel Company 
at Weirton, W. Va., has a 48-in. continuous wide-strip mill which 
is being lubricated by oil throughout for both the hot and cold 
mills. The Carnegie Steel Company at Duquesne is lubricating a 
30-in. blooming-mill pinion with oil. 

The Allegheny Steel Company has four stands of MeIntosh- 
Hemphill cold-rolling mills, and the Bethlehem Steel at Sparrows 
Point has five mills operated on oil. One of the latter oil-lubri- 
cated mills is an 18-in. Morgan mill, the pinions of which have 
been oil lubricated for 10 years. 

On the 14-in. skelp mill at Benwood, W. Va., the Timken roller 
bearings used on the edging rolls gave trouble when grease was 
used as a lubricant. This was remedied by piping up the roller 
bearings for oil. The Trumbull mill at Warren, Ohio, uses oil 
on the upper roller bearings and grease on the lower bearings. 
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duction of goods in 1926 and also the highest productivity 
per wage earner, that year has been called by some a 
“boom” year. On the other hand, there were none of the unfavor- 
able symptoms such as inflated prices, so that it should more 
properly be considered a year of steadily increasing prosperity. 
This increase of prosperity began in the middle of 1924 and 
might have met a considerable decrease in 1927, judging from 
the usual length of business cycles. While 1927 has had some 
such indications, they have occurred temporarily and in spots, 
so that the year as a whole has been prosperous. In fact, com- 
modity prices have fallen gradually, and there has been little 
strain on the money market. Instalment selling, while now 
very general, seems not to have increased excessively, and there 
are many who contend that as long as there is little unemploy- 
ment it is a wholesome condition. Perhaps the real basis of this 
unusually long prosperity is the fact that wages have been very 
much higher relatively than prices, thus enabling wage earners 
to consume increasing quantities of goods. This in turn indi- 
cates that productivity has also continued to increase. Referring 
again to 1926, the bank savings of the United States increased 
a billion and a half dollars during that year, and the number of 
depositors increased nearly three million, so that a new high 
per capita saving rate of $211 was established for the country. 
The Savings Bank Division of the American Bankers Asso- 
ciation reports that more than half a million of the additional 
savers were depositors in school savings accounts. On the other 
hand, it is claimed in reliable quarters that this saving is no more 
than the natural compound-interest growth of earlier savings. 
Referring to our present $770 income per capita, and over $3000 
wealth per capita, Dexter Kimball says,' ‘For the first time since 
the world began we are in touch with the abolition of poverty, 
through the tremendous output of our products.” Regardless 
of what other factors may have contributed to the stabilization 
of this prosperity,? a large amount of credit was unquestionably 
due to the rank and file of American management, for compe- 
tition has been increasingly keen and the margin of profit conse- 
quently declining. What is being called “the new competition” 
includes inter-industrial competition and inter-distributing com- 
petition as well as the old inter-commodity and international 
competition, for today we have silk competing with rayon, leather 
with artificial leather, copper with aluminum, etc., and further- 
more manufacturers are taking over distributing functions, 
thereby competing with jobbers, and some retail stores are doing 
manufacturing. 


\ S THE United States achieved the greatest yearly pro- 


Tue European SITUATION 


Our Government reports that the exports of the United States 
to other countries for the year ending June 30 were $4,986,000,000 
against $4,283,000,000 for 1926. Imports totaled $4,253,000,000, 
leaving a favorable trade balance of $733,000,000. Exports 
of foodstuffs amount to $381,000,000 against $250,000,000 for 
1926. Our store of gold increased $148,000,000. Wheat ex- 
Ports were two and one-half times greater than the year before. 


-— Trend of Scientific Management,” Bulletin S.I.E., July, 

*See “St bilizi ” 
October, 1927, Prosperity,” by Virgil Jordan, Yale Review, 
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Conditions in Europe have improved moderately, and their 
leaders are doing their best to gain the world markets. Foreign 
competition is therefore likely to affect us directly or indirectly 
to an ever-increasing degree. Mass production is being adopted 
as far as conditions will allow, and in both England and Ger- 
many there is a vast movement of regrouping and reorganizing. 
“Scientific Management in Great Britain,”’? by L. Urwick, or- 
ganizing secretary of Rowntree & Co. Ltd., describes the three 
periods in the growth of scientific management in Great Britain— 
the post-war period, followed by loss of interest in 1921 and a 
renewal of interest during the past year, the chief feature of 
which has been the formation of non-competitive groups interested 
in management research. 

According to Edward A. Filene,* “Both the group-buying 
movement and mass production and distribution by large manu- 
facturers have already advanced in Europe to a greater extent 
than many people realize. The chains of retail stores are progress- 
ing successfully in Germany and in England. As examples of suc- 
cessful modern mass manufacturing, there are the Morris car in 
England, the Citroén car in France, and the Bata shoe in Czecho- 
slovakia, all of which are producing under mass organization 
and in mass quantities; but the trouble with Europe in large 
measure is that since the war it does not know how to buy its 
food or raw materials.’’” Condemning the resort to tariff as a 
means of solving market problems, he concludes that “‘scientific 
mass production requires less and less tariff protection. The 
Chevrolet automobile or the Ford automobile requires no pro- 
tection. Even with free trade it is inconceivable that any for- 
eign automobiles could compete with these two in the United 
States markets. More than that, they could be produced very 
much more cheaply if the additional living cost that results 
from the tariff were removed, and therefore they could be ex- 
ported and sold in still larger quantities than today.” It is 
said that the name of Henry Ford is known in the remotest parts 
of Russia on account of the advent of the Fordson tractor. 

The term “rationalization” as used in Germany is defined 
as: (a) increasing the profitableness of the industries by cutting 
down production cost of manufactured products to a minimum; 
(b) lowering sales prices so as to adapt them to the purchasing 
power of the consumers, and (c) making it easier for German 
products to compete in the world markets. They are also attempt- 
ing some division of manufacturing or specialization on the 
part of individual plants and are establishing common sales 
bureaus to keep down overhead. In many ways they have gone 
beyond the United States in the matter of standardization.® 
On the other hand, with much less uniformity in the demands 
of European consumers, and with an oversupply of labor, the 
peculiar economic conditions of the United States are not likely 
to be attained. 

Dr. Francesco Mauro, a leading industrialist of Italy, spent 
some time visiting American plants during the past year, and 
in summing up his impressions here, mentioned particularly the 
following items: 


3 See The Management Review, October, 1927. 

4 New York Times, April 3, 1927. 

5 See article by E. J. Mehren in Engineering News-Record, August 
5, 1927. 
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(a) High standard of living 
(b) Freedom from radicalism 
(c) Spirit of cooperation 

(d) Amount of research. 


He also paid high tribute to the influence of the late Frederick 
W. Taylor and Herbert Hoover. It is interesting to note the 
relative purchasing power of wages as reported by the National 
Industrial Conference Board. Taking the United States as 
100 per cent, the purchasing power in Germany is 33 per cent, 
in Italy, 29 per cent, and in Great Britain, 57 per cent, and the 
average of 12 European countries is 41 per cent. 

American industrialists and engineers have been welcomed 
as never before in Europe. As an expression of gratitude for 
courtesies shown the industrialists of Czechoslovakia, that govern- 
ment has awarded the Cross of Knight of the Order of the White 
Lion to five American engineers. Poland has also given the 
Commander’s Cross of the Order of Poland to an American engi- 
neer who has served as an advisor for the past two years. In 
Geneva, Switzerland, there has been established an International 
Management Institute. Henry S. Dennison, the representative 
of the American Management Societies in Europe, reports that 
“there have been no revolutionary changes, but a considerably 
intensified carrying on of betterments not only in machines, 
but in the layout and arrangement of departments. Improve- 
ments in internal transportation facilities of every sort have 
been considerable during the past eighteen months.’’ Edward 
Eyre Hunt, of our Department of Commerce, attended by invi- 
tation the World Economic Conference in Geneva last May 
and reports that “the emphasis on scientific management was 
very striking.’’* Forty-one countries were represented at the 
Fourth Congress of the International Chamber of Commerce 
in Stockholm last June, the U. S. having 162 accredited delegates 
headed by Owen D. Young. The Congress endorsed the con- 
clusions? on rationalization and international industrial pools 
reached at Geneva by the Economic Conference. The main 
interest of the Congress centered on the subject of trade barriers. 
The retiring president, Sir Alan Anderson, called attention to 
the fact that there are 5,000,000 people out of work in Europe, 
as well as 20,000,000 others underemployed. 

The third International Congress of Scientific Management 
was held in Rome during September and was attended by a 
number of American leaders. Their papers dealt with phases 
of “scientific organization of labor for industry, agriculture, pub- 
lic service, and domestic economy.” In all, 176 memoranda 
were examined and resolutions were passed. Signor Mussolini 
made the closing address and asked the delegates to report that 
Italy was well ordered and was working out her own economic 
resurrection, for the progress of humanity and for peace between 
nations. 

Economics oF INDUSTRY 


It is significant that three engineers were invited this year 
to participate in a Conference of Economists here in the United 
States. Certainly the American industrialist has contributed 
much to the newer science of economics in the last few years. 
One of these new economic questions is that of thrift versus 
buying. Under present conditions business men are encouraging 
the public to buy as never before. Since current savings must 
be taken from current income, the value of the consumer’s goods 
which can be currently purchased will, of course, be less by the 
amount of the current savings. One school of thought has there- 
fore gone so far as seemingly to deprecate thrift. This is an- 
swered, however, by pointing out that savings may be invested 


6 a Conference Resolutions in July, 1927, Bulletin of the Taylor 
Society. 
7 Engineering News-Record, June 9, 1927, p. 951. 
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in two different ways: first, in circulating capital—goods which 
are to go into finished goods—and second, in permanent capital 
to be used as a factor of production. If savings are invested 
in the former way, the permanent productive factors of the coun- 
try are not increased. Such a use of savings does cause an over- 
supply of goods on the market. However, most savings get into 
permanent-capital goods which are not sold but used for further 
production and therefore constitute an ultimate demand for 
existing goods and are just as much a final market disposal of 
the existing or future market supply of goods as is the purchase 
of an equal amount of consumer's goods. This does not cause 
a future oversupply of goods. The increase in production re- 
sulting from extended permanent investment, if a stable price 
level is maintained, will furnish a sufficient increase in the national 
money income to enable investors to purchase the additional 
amount of goods. The equilibrium between supply and demand 
can therefore be maintained under conditions of an increasing 
production if all savings are invested in permanent-capital goods.’ 

Since primary forces are increasing the purchasing power of 
the masses, the maintenance of this fundamental situation is 
more important than to overpersuade in the matter of buying. 
If unemployment can be kept down and wages kept up, there 
will be a constancy of ever-increasing purchase power. Another 
writer points out® that business is trying so hard to get business 
that it is saddling itself with all sorts of expenses in trying to 
make people buy more goods, with the result that gross business 
has increased but net profit decreased. Here we have the prob- 
lem of keeping down overhead. There is little question but 
that much can be saved in this field in the future, although an 
encouraging number of corporations have already brought their 
overhead to lower proportions. Consolidation of allied lines 
in order to use common resources is one of the ways of accom- 
plishing this, but this has not always proved a sure means and 
overhead can be reduced in many ways without it.” 

Ernest F. DuBrul, secretary of the National Machine Tool 
Builders Association, reports as the most outstanding develop- 
ment in that field the application of statistical methods to man- 
agement. He says they are translating corporate accounts into 
dollars of equivalent purchasing power for different years, thereby 
giving executives real facts instead of the accounting delusions 
they have sometimes had. In this connection it is also note- 
worthy that statisticians are no longer content to plot nominal 
wages but are using curves made up to real wages, that is, the 
purchasing value of the wage. 

Such economic problems as the best size of production lots 
are being studied everywhere. As many variables are involved, 
no practical formula has yet been developed." The problem of 
selecting the best combination of equipment is also being studied 
and a formula developed some time ago has been simplified 80 
as to permit wider use.'* 

A new danger of obsolescence has come through the continual 
discovery of new processes. The German process of making 
wood alcohol threatens present methods. Before the new proc- 
ess of making sugar from corn is in wide use it is announced that 
better sugar can be made from artichokes. The employer must 
be more alert than ever to avoid an enormous loss in equipment. 

Hand-to-mouth buying or the use of small orders has brought 
about uncertainty and hardship on parts manufacturers, but 

5 See ‘‘Profits, Progress and Prosperity,’’ by A. B. Adams. 

* “Competition That Raises Prices,’’ by Fayette R. Plumb. 

10 “How to Cut Overhead Expense,” by J. H. Barber, in Man 
facturing Industries, May, 1927. 

11 See paper by F. E. Raymond, A.S.M.E. Management Division, 
Management Division Quarterly, Jan., 1928. ; 

_12 See paper by George Hagemann, A.S.M.E. Management Di 
vision Quarterly, Jan., 1928. Also two articles in MErcHANICAL 
ENGINEERING, September, 1927: Economics of Machine-Too! 


Replacement,” by M. S. Curtis, and ‘“‘Shop-Equipment Policies ” 
Representative Plants,’’ by L. C. Morrow. 
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it has in the main freed capital and prevented overstocking.'* 
The Packard Motor Company has reduced inventories in the 
ratio of 1 to 12 as compared with three years ago. The Hudson 
Motor Car Company is reported to turn over its material in- 
ventory every 14 days, and the Loose-Wiles Company, which han- 
dies perishable goods, every 24 hours. As a result of this, the 
problem of least-cost purchasing quantities is being studied." 


Business 


All industrialists seem to have learned the importance of level- 
ing off the peaks and valleys of business. Forecasting conditions 
and coordinating sales quotas with production schedules is 
making progress.“ The Policy Holders Service Bureau of the 
Metropolitan Life Insurance Company receives reports from 
250 industrial organizations each month for analyzing and chart- 
ing. 

PLANTS 

At least forty cities are advertising industrial sites. Some 
of these cities are selective in their approach, some are not. The 
employer must consider many things before he can attempt 
to find the one best combination of advantages. For brief 
statements of these principles see T. S. Rogers’ two recent papers 
“Should You Lease, Buy, or Build a Plant?’”’ Manufacturing In- 
dustries, September, 1927; and ‘Factors to Be Considered in 
Plant Location,”” MECHANICAL ENGINEERING, November, 1927. 
A particularly fine example of locating a new plant was given 
by O. C. Spurling in the June, 1927, issue of the last-named jour- 
nal. 

The past year has seen examples of illumination using as high 
as 20 to 30 foot-candles as compared with 10 to 12 foot- 
candles which was formerly considered a maximum. 


EQUIPMENT 


Not only has there been a great replacement of machinery 
due to improvements in design, but employers have been forced 
to seek every type of labor-saving device in order to offset the 
former supply of labor from immigration. Jigs and fixtures 
are being used in industries that never considered them neces- 
sary. Almost every skilled and semi-skilled worker today is 
supplied with some kind of special machine, tool, or fixture. 
Material-handling equipment, rapid-drying equipment, etc. 
are being installed in many processes where they have never 
been used before. 


LABOR 


The record of the year ended June 30, 1927, as regards the 
admission of aliens into this country shows an increase over 
the preceding year of somewhat more than 40,000. Yet the 
total for this year (538,000) is small as compared with the figures 
for 1913, so that the figures for 1927 are smaller than those for 
1920, 1921, 1923, and 1924, but larger than those for 1922, 1925, 
and 1926. 

Last spring a conference was called by the Philadelphia Labor 
Union and the Philadelphia Labor Institute, also with the co- 
operation of Central Labor College, of Philadelphia. Morris 
Llewellyn Cooke presided and later expressed the opinion that 
the growing interest of labor in the elimination of waste was 
one of the most encouraging developments. If carried into 
effect it may bring about an altogether new era. William Green, 
president of the A.F. of L., pledged the cooperation of union 
labor in every attempt to reduce waste, but declared that the 
PP ae “Building Cars Without a Stockroom,” Iron Age, Mar. 17, 


me See article by R. C. Davis in Manufacturing Industries, May, 

é “Business Annals," by Thorpe and Mitchell, and “Business 

Lreles, by W. C. Mitchell, National Bureau of Economic Research, 
c., 474 West 24th Street, New York City. 
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resulting benefits should show proportionately in higher wages 
as well as in increased profits. G. L. Gardner, author of the 
new book on Foremanship,'* also reports that foremen’s organi- 
zations are studying waste-elimination methods more than 
ever before. 

With the waning of prosperity conditions, manufacturers 
will face the difficult problem of stabilizing employment. Per- 
haps there is no more important problem than this. Prof. 
H. Feldman, of Dartmouth,'? says, “Protect your sales program 
first. Analyze your markets, simplify lines, and reduce style 
hazard.” This is important to labor as well as to capital. Rea- 
sonably steady, regular, and continuous employment creates 
a better state of mind, begets a feeling of confidence, and permits 
workers to make orderly planning for the future. L. F. Loree'* 
describes a novel measure to meet this in what he calls an “‘elas- 
tic’ work day. It consists in varying the length of the work- 
ing day between eight and ten hours in accordance with the 
fluctuation and volume of business. He claims it could entirely 
obviate the necessity of layoff. 

The increase in labor productivity has been most encouraging, 
although figures are not up to date. The Bureau of Labor 
Statistics, Department of Labor, has made a study of this from 
1914 to 1925," and reports the following percentage increases: 


Automobiles. .... Leather tanning..... 26 
Boots and shoes... .. . 6 Paper and pulp...... 34 
Cane-sugar refining 28 Petroleum refining. . . 83 
Cement manufacture’ 61 Rubber tires........ 211 
Flour milling........ 40 Slaughtering and meat 

Iron and steel... 59 a 27 


The Bureau of Labor Statistics is also conducting an inves- 
tigation into the efficiency of labor in various European countries. 
The assistant commissioner of the bureau was in Europe last 
summer and made studies in Great Britain, Belgium, France, 
Germany, Czechoslovakia, Austria, Switzerland, and Italy. 

Over 500 industrial disputes have been handled by the Con- 
ciliation Service of the Department of Labor during the fiscal 
year ended June 30. These disputes affected either directly 
or indirectly half a million workers, and it is stated by the Di- 
rector of Conciliation that more than 85 per cent of the cases 
handled by his office have resulted in satisfactory settlements. 

The Travelers Insurance Company estimates that 27,000 
American workmen will receive around $50,000,000 this year 
in benefits from group insurance. 


STANDARDIZATION AND SIMPLIFICATION 


Standardization of design has made great headway. It has 
reduced the amount of work in the drafting room to a minimum 
and is doing much to keep down stock requirements. That 
standardization is opposed to specialization is called a fallacy™ 
by W. S. Heyward, who claims it is often possible to specialize 
a standardized line and to make it distinctive. 

Simplification, under the leadership of Herbert Hoover and 
the able assistance of R. M. Hudson of the Division of Simpli- 
fied Practice, Department of Commerce, has spread far and 
wide. There are few industrial lines which are not now work- 
ing in this direction. For example, the Norwich Pharmical 
Company has reduced the number of items produced from 4000 
to 400. During the year it has been taken up by some foreign 
industrialists and is considered to be one of the great contribu- 
tions of American Management. 


CONSERVATION OF MATERIAL 
The Department of Commerce last April reported a reduction 


16 A .W. Shaw Co. 

17 “Regularization of Employment.” 

18 Industrial Management, March, 1927. 
19 See Handbook of Labor Statistics. 
20 “Sales Administration.” 
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in the use of raw rubber amounting to 22,000 tons over the pre- 
ceding year, despite the fact that motor-car registration increased 
nearly 10 per cent. No doubt simplification has been accelerated 
by the tendency to buy for immediate needs only. An interest- 
ing method of controlling rejections, that is, defective production, 
is described by P. F. Cooper.*! 


MARKETING 


The trend is toward intensive rather than extensive market- 
ing. With this in view some national advertising is being placed 
in local newspapers instead of in magazines and other expensive 
mediums. Part of the advertising budget is being taken for 
research to ascertain what the consumer really wants. Pro- 
fessor Freeland of M.I.T. says, “Market evaluation must be 
based on inclination to buy as well as on capacity to buy.” The 
study of distribution waste has gone on with particular attention 
to such practices as overselling, cancellation and returns, delays 
on deliveries, unethical credit practices, and discrimination. 
The difficulty in this problem is that it lies in the twilight zone 
between the manufacturer, the wholesaler, and the retailer. 
Functionalization has therefore penetrated this field, and the 
term ‘“‘merchandizing’’*? is being used for the function between 
sales and production. That is, pricing, balancing of inventories 
with production schedules, and analyzing of advertising me- 
diums is being solved by unprejudiced staff men. This is some- 
times carried on under a sales planning department. Some 
leaders are warning industry not to go much further in “mort- 
gaging future income.” The importance of establishing prestige 
in business is being discussed.** 

It has been claimed that buying materials on specification 
instead of by trade name will save the United States annually 
one billion dollars. The United States Bureau of Standards 
alone is said in this way to have saved 100 million a year on 
purchases. The new simplified invoice has been formally ac- 
cepted by 12 associations and over 100 important business con- 
cerns, as well as by the Federal Specification Board. It is expected 
that this will come into general use in a short time. During 
the past five years the American Railway Association has re- 
duced the entire carriers’ payments on damages from 120 mil- 
lion dollars to 38 million. 


CLERICAL OPERATIONS 


Many are taking steps to reduce the cost of office work. Sim- 
plified practice, better arrangement of desks, and the segre- 
gation of typists have done much. Typists and other operators 
of mechanical devices when placed in a group subconsciously 
fall into the rhythm of the group, and a slow operator entering 
the group will pick up a certain amount of speed. In addition, 
it is important that each clerk be assigned a full day’s work, 
which is of course the result of job standardization or time 
and motion study. 


SaFETY 


The survey of the Engineering Council has been published 


encompassing the experience records of about fourteen thousand 
companies and over one-fourth of the industrial work of the 
country. The figures show conclusively that a decreasing pro- 
ductivity is usually attended with a corresponding increase 
in the frequency and severity of accidents, and vice versa. The 
report includes numerous charts and shows trends in both acci- 
dents and production of 16 basic industries. ‘The rate of pro- 


21 Manufacturing Industries, May, 1927. See also three papers 
; —— of Quality,’’ A.S.M.E. Management Division Quarterly, 

22 FE. A. Filene in ‘‘More Profits from Merchandising.” 

23“‘An Analysis of Prestige,” by Ernest Urchs of The Steinway 
Piano Company, The Music Trades, June 25, 1927. 


duction per man-hour for the industrial groups studied,” it says, 
“was 14.4 per cent higher in 1925 than in 1922. The rate of 
accident frequency per man-hour was 10.4 per cent lower in 
1925 than in 1922. The rate of accident severity per man- 
hour was 2.5 per cent higher in 1925 than in 1922, Many in- 
dustrial executives have not given to accident prevention that 
degree of attention and direction which its economic and humani- 
tarian significance warrants. There is evidence to the effect 
that some industrial executives feel which because of compensation 
insurance carried, their responsibility has been met, hence they 
do not concern themselves with accident prevention. The initi- 
ation of accident prevention is as much a responsibility of the 
major executives as is the initiation of improvements in pro- 
ductivity.” 

The United States Steel Corporation has been a pioneer and 
leader in accident-prevention work. Not long ago it issued a 
report in which it was estimated that as a result of organized 
safety campaigns within the company over the period from 1912 
to 1923, inclusive, more than 35,000 employees were saved from 
serious injury. The American Car and Foundry Company, 
another outstanding example in this field, spent approximately 
$1,000,000 in fourteen years for accident prevention, but esti- 
mates that it saved $2,700,000 in actual loss by this expenditure. 

There is now going on an investigation of light, sight, and safety, 
from which much is expected. 


TraFFic DEVICES 


The American Engineering Council has a committee at work 
on street signs, signals, and markings. Over sixty leading cities 
have submitted data, and it is hoped to include 250 cities before 
they finish. 


Fatigue 


Dr. A. T. Poffenberger, Department of Psychology, Columbia 
University, has carried on experiments in his laboratory which 
measure the amount of oxygen and the amount of carbon di- 
oxide involved in certain work. He has found that the eff- 
ciency of the human body as a prime mover varies much as other 
prime movers. For instance, there is an optimum speed for 
every kind of work. By his methods he is able to determine 
the capacity for work and the energy cost of work increments. 
He points out that this type of measurement must precede the 
study of fatigue in its relation to ordinary output, but thinks 
it entirely feasible to approach that relationship later on. It 
is proposed to eventually make studies on many types of factory 
work under varying conditions of monotony, noise, light, etc. As 
similar studies are being made at the Kaiser Wilhelm Institute 
in Berlin, the problem of fatigue is at last being put upon a scien- 
tific basis. 

Joseph A. Piacitelli describes** how the Barber Asphalt Com- 
pany eliminated fatigue by rearrangement of machines and by 
better material handling. A 20 per cent reduc ion in the unit 
labor cost was the result. A similar reduction of 18.2 per cent 
in unit labor cost is described by W. C. Hasselhorn.* 

A. B. Segur of Chicago says: “Nerve fatigue is apparently 
more important in industrial operations than muscle fatigue. 
On fast operations very few individuals are able to maintaid 
the same operation for more than 15 seconds without making 
a mismovement. In industry, fatigue forces the operator to us 
a longer method of performing the operation, and therefore slows 
down the operation.” 

Dr. F. Hahn and S. F. Csohar, of F. B. Gilbreth, Inc., have 
been studying the subject. They have compared the moti 
of human arms with the motion of the pendulum, and from the 


24 Manufacturing Industries, July, 1927. 
28 Ibid., August, 1927. 
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pendulum law point out that either to accelerate or retard the 
natural motion requires an extra effort, causing fatigue. They 
say there is superfluous fatigue if a wrong path is used or if the 
distribution of time along the path does not correspond with a 
simple harmonic motion. Undoubtedly the Gilbreth micro- 
motion method which uses a motion-picture film is well adapted 
to this study, and may be expected to develop definite laws. 
Dr. D. A. Laird is conducting research on the noises of cities. 
So far it is a matter of measurement rather than of prevention, 
but there seem to be great possibilities in what may follow. Dr. 
Laird declares that noise exceeding 35 units in his scale of mea- 
surement actually increases the blood pressure of human beings 
exposed to it. Note also the work of Prof. H. J. Spooner of 
London.*$ 

Vacations with pay?’ are becoming the rule and are doing 
much to stimulate the loyalty of employees as well as allowing 
them a change without financial worry. 


INCENTIVES 


The National Metal Trades Association is making an exten- 
sive study of wage incentives among their companies. Interest 
in incentives seems to be gaining, and L. P. Alford, editor of 
Manufacturing Industries, has observed that industries having 
the highest productivity also have the highest percentage of 
workers on some incentive plan. 

Sales executives are trying incentives of all kinds, and find 
that by a few changes in terms the experience developed in the 
factory is applicable to their field. The cutting of piece rates 
or commission rates has become uncommon, and the response 
to such incentives is therefore more wholehearted than ever 
before. 


RESEARCH 


There has never been so much importance put upon research 
as at present. The Western Electric Company maintains a 
staff of 2000 for this purpose, with an annual expenditure of 
more than 8 million dollars. General Electric and General 
Motors each spend over a million annually.2* Concerns which 
cannot afford these large expenditures are either working through 
their trade organizations or through the facilities of universities. 
The American Gas Association has a comprehensive program. 
Systematic use of research during the last five years is believed 
by the Copper and Brass Research Association to have been 
largely responsible for doubling the consumption of copper during 
that period. In some cases the trade organizations have raised 
endowments and have used them to build and maintain labora- 
tories on university grounds. For instance, the Tanners’ Coun- 
cil of America and the Lithographic Technical Foundation have 
done this at the University of Cincinnati. The precedent of 
the University of Toronto retaining the patent rights from basic 
discoveries, is being followed in several cases. There has recently 
been formed a Druggists’ Research Bureau, to act as a national 
clearing house for obtaining facts necessary to the welfare and 
success of the drug industry. All this is partially a result of the 
tendency to abandon the rigid secrecy which companies have so 
frequently thought necessary. 

One of the most important and significant developments in 
this direction has been the formation of a research organi- 
zation by the U.S. Steel Corporation. Here the subsidiary com- 
panies carried on a good deal of valuable though uncoordinated 
research and invention work for years, but the parent company 
kept aloof. The new body has been given a particularly high 


S.1.E. Bulletin, Sept., 1927. 
Vacations for Industrial Workers,’ published by the Industrial 


Relations Counsellors, Inc. 
p. sore National Research Council Report, Iron Age, Sept. 1, 1927, 
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standing in the Corporation by a provision under which it is 
made to report to the Finance Committee, the highest govern- 
ing board in the Corporation, and by having such men as Pro- 
fessor Millikan and Professor Johnston to direct its destinies. 


MISCELLANEOUS APPLICATION OF MANAGEMENT PRINCIPLES 


There has been some reorganization of governmental depart- 
ments. For instance, the U.S. Patent Office has been studied 
by two engineers and a sub-committee. The report contains 
108 recommendations which would considerably simplify prac- 
tice. 

Department stores are beginning to hire management engi- 
neers and are doing a great deal to eliminate waste. In one 
New York store the cash clerks have been studied by micro- 
motion and their work standardized in the “one best way.” 
The psychiatrist is being consulted in the matter of selecting 
clerks, and it is said by executives that this has proved profitable. 
Chain stores are succeeding by leaps and bounds, and they are 
doing this by the same principles used in mass production. 

Agriculture is turning to research in the matter of mechanical 
equipment. A survey recently made includes over 400 sugges- 
tions for research. The Department of Agriculture expects to 
follow these up. Under the guidance of Mrs. L. M. Gilbreth, 
a series of lectures have been delivered at Columbia University, 
in which engineers have described the possible applications of 
management methods to the home.?* Interest was keen. In- 
terest was also evinced in this subject in the conferences held 
in Europe in the past summer. Similar reports come from 
prisons, hospitals, and schools at which various engineering meth- 
ods are beginning to find adaptation. 


MANAGEMENT SOCIETIES 


The New England Council, composed of eight men appointed 
by the governor of each state, 48 men in all, assembled about 
2000 men at Springfield, Mass., in November to discuss manage- 
ment in manufacturing. 

The American Management Association has established an 
Institute of Management, membership in which is elective and 
based on achievement in management research. The very 
large number of company and research sustaining members 
which this association has secured indicates a greater interest 
on the part of high executives than has ever been shown before. 
The Management Division, A.S.M.E., has prepared a bibliog- 
raphy which is more comprehensive than any heretofore pub- 
lished. 

L. P. Alford’s paper on the “Laws of Management,” mentioned 
last year, was the first to receive the Melville Award.” 


Cos7s 


Competition is forcing cost finding into all phases of manufac- 
turing. For instance, the Utica Knitting Mills studied their fac- 
tory heating and found that by revamping their old system they 
could save $17,000 annually. Similarly there is a renewed 
effort to reduce the cost of power. Hubert Collins reports four 
instances in which savings have been accomplished amounting 
to 23, 19, 13.5, and 11.8 per cent over former costs.*! 

The spread of standard cost methods has continued and is 
being fostered by trade associations. Manufacturers are study- 
ing labor costs as compared with carrying charges of mill equip- 
ment. The cost of obsolescence is becoming of particular interest. 
Budget control is almost universally in use. 


29 “The Home Maker and Her Job,” by L. M. Gilbreth, D. Apple- 
ton & Co., “Homemaking as a Center for Research,” Bureau of 
Publications, Teachers College, Columbia University. 

30 See MECHANICAL ENGINEERING, April, 1927. 

31 Manufacturing Industries, August, 1927. 
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EDUCATION 


Courses in industrial engineering have not increased in num- 
ber as rapidly as have courses in business administration. There 
is, however, an increasing tendency to offer options in manage- 
ment to engineering students. Rutgers University. New Bruns- 
wick, N. J., has recently offered a new four-year course in in- 
dustrial engineering. It is an option in the Department of Me- 
chanical Engineering and leads to the degree of B.Sc. in M.E. 

The American Council on Education is using its influence 
to have schools make more accurate records of conditions in 
all types of occupations in order to aid employers in selecting 
material for employment. 

Trade associations are raising endowment funds for private 
institutions conducting courses in their particular fields. As 
an instance of this, the United Typothetae of America has es- 
tablished an endowment of $225,000 at Carnegie Institute. The 
Association of Cooperative Colleges held its second annual con- 
vention in Philadelphia last June and was more largely attended 
by employers than by educators. This is considered a very 
encouraging aspect. The convention proceedings may be pur- 
chased from the Secretary.*? 


INDUSTRIAL MusEUMS 


New York City has assigned to the Museums of the Peaceful 
Arts seven city blocks on the site of the Jerome Reservoir. This 
movement was started nearly 20 years ago by some of New 
York’s public-spirited citizens: Judge Gary, Jacob Schiff, George 
F. Kunz, and Henry R. Towne. Calvin W. Rice was elected 
secretary, and Dr. Kunz, president. 

At the time of Mr. Towne’s death he left his residuary estate, 
amounting to approximately two and one-half million dollars, 
for this project, provided it should be successfully promoted. 
It would seem now with the recognition by the City of New York 
that the Towne bequest would become available. 

Other movements, such as the National Museum of Industry, 
which was planned to be affiliated with the Smithsonian Insti- 
tution in Washington, the Museum in Chicago, the original 
bequest for which, three million dollars, was given by Julius 
Rosenwald, supplemented by five million dollars by the city 
of Chicago, and the old building of fine arts occupied during 
the World’s Fair, have been started since the original move- 
ment for the Museum of Peaceful Arts. But it is stated that 
they can all be made a national movement for the benefit of the 
whole nation as a part of the education and inspiration of all 
those engaged in industry. 

Similar museums are proposed in Pittsburgh and in Philadelphia. 
The national engineering societies have indorsed both the move- 


32. C, W. Lytle, New York University, University Heights, New 
York City. 
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ment for the Museum of Peaceful Arts and the National Museum 
of Industry, and all engineers generally should become identified 
with this movement as a direct contribution of the engineering 
profession to industry. 

The Museums of the Peaceful Arts now occupy temporary 
headquarters at the Scientific American Building, 24 West 40th 
Street, New York, where a start has been made in organizing 
a great industrial technical museum for the city of New York. 


MANAGEMENT WEEK 


The subject this year was Management’s Part in Maintaining 
Prosperity. Cecil Ashdown, vice-president of Remington-Rand 
Company, was chairman of the National Committee, and R. 
M. Hudson, of the Division of Simplified Practice, was secretary. 
The movement has become one of national interest and has se- 
cured the support of many non-engineering organizations. 


Waste ELIMINATION 


While all of the foregoing indicates encouraging progress in 
the general elimination of waste, there is still a great deal which 
has not been done. The American Society for Thrift estimates 
our annual waste of coal at 750 million tons, of water at 50 million 
horsepower, of oil at one billion barrels, of lumber at 5 billion 
cubic feet. The Department of Commerce estimates that our 
annual waste in transportation equals one-half billion dollars, 
and says the shipper is largely responsible. 

While materials handling has been studied more than ever, 
it is still thought that one billion dollars could be saved annually 
on payrolls by better use of present equipment and arrangement. 

There were 135,000 commercial failures from 1920 to 1{26- 
1927, inclusive, with total liabilities of $3,500,000,000. Seventy 
per cent of all the failures in 1924-25 and 25-26, occurred in the 
trading groups, and their share of the total liabilities increased 
from 37!/, per cent in 1924 to 49 per cent in 1926. Bradstreet’s 
analysis of causes of failures during the years 1922 to 1926, in- 
clusive, gives “incompetence” as the reason for 35 per cent of 
the cases, and “‘lack of capital’’ for 33 per cent more. The other 
27 per cent are scattered among “inexperience,” “‘extravagance, 
“speculation,” “fraud,” ete. 

Finally, although most of the bankers and leading financial 
men are far from pessimistic, they are advising their correspond- 
ents and clients to get their affairs in better liquid condition 
for the spring of 1928. As far as the engineer is concerned, his 
influence has definitely increased and his doings are becoming 
desirable news for publication. The owner of business is now 
less apt to confuse the mechanisms of management with the 
spirit of management, and thus the reaction against so-called 
“efficiency” is vanishing. 

Cuas. W. Chairman. 
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Production-Control Methods in the Rubber 
Industry 


A Statement of the System Employed in the Akron Plants of the Goodyear Tire & Rubber Co. 


By F. B. CALHOUN,! AKRON, OHIO 


rapidly. This was due primarily to artificial stimulation 

in industry caused by the conditions existing shortly be- 
fore and during the World War. As a result, the most im- 
portant economic matter of all, “the production of maximum 
output with present equipment and facilities at a minimum cost,” 
perhaps was not given sufficient consideration. Subsequent 
developments were inaccurate records, excessive raw-material 
inventories, poor turnover of in-process materials, excessive 
material wastes, and an exceedingly high rate of labor turnover. 

It should be borne in mind that the rubber industry is seasonal, 
subject to violent fluctuations in the price of raw materials and 
sales demands. The conditions above cited led the Goodyear 
Tire & Rubber Company to organize methods to meet this situa- 
tion in the most satisfactory manner possible. 

The first step was to segregate the various functions essential 
to production control. These included the ordering and control 
of productive materials, the issuance of schedules, the dispatching 
of materials through the different processes, the stocking of raw 
and finished materials, transportation, and shipping. 

It should be understood that these functions were actually in 
effect, but so decentralized or distributed between the various 
departments, that the management had no instrument which 
would permit efficient control. The selection and training of 
proper personnel, qualified to handle this work, presented quite 
a problem in itself, due to the fact that personnel experienced in 
control work was not available. 


\ FEW years ago the rubber industry was expanding very 


MaTeRIALS CONTROL 


The function of the production-control division at the 
present time begins with the ordering of materials required to 
produce the various products manufactured. A yearly estimate 
is developed by the sales department, outlining probable require- 
ments on each product manufactured by the company. This 
program is carefully analyzed by the management. When 
approved, it provides the basis for additional capacities and plant 
facilities where necessary. If any changes.in design or equip- 
ment are contemplated the yearly estimate is given to the con- 
sulting engineer, who formulates commitments, and in turn works 
out the program. 

This estimate is revised monthly to meet changing conditions 
in sales demands. This revised estimate is broken down into 
its component parts by the production-control division. 
Uceasionally sales increases on certain products may largely 
exceed previous plans and require greater floor space, more 
equipment, more men, and more materials. Likewise, a decrease 
in sales may mean that curtailment must be made. Conse- 
quently, a definite tentative manufacturing schedule, broken 
down into specific quantities on each item, is compiled from 
market reports. It is then delivered to the production-control 
division. These estimates are submitted thirty days in advance 
of going into effect. They cover periods varying from thirty 


_' Manager, Production-Control Division, Goodyear Tire & Rubber 
Co., Akron, Ohio. 

Presented at the National Meeting, Rochester, N. Y., Oct. 26-27, 
1927, of the Management Division of Tae AMERICAN SocIETY OF 
MecnanicaL ENGINEERS. 


days to six months, depending upon the product. The factory 
decides whether the tentative program is possible. 


ORDERING MATERIALS 


This schedule forms the basis for releases and for planning the 
requisitions of materials which are not ordered on a con- 
tract basis, and on which quick shipments can be secured. The 
production-control division regulates the inventory on all pro- 
ductive materials. 

From the tentative production schedule, a purchasing budget 
of materials is prepared. This is sent to the assistant comp- 
troller. When approved it goes to the purchasing department as 
an authorization to fill the requisitions which will be placed by 
the production control division. The purchase budget shows 
the quantities of materials on hand, en route, and on order, and 
the coming month’s requirements. In addition, the definite 
needs for two months ahead and the probable needs for four to 
six months ahead are listed. The probable inventory is also 
calculated for four to six months in advance. These data form 
the basis for contracts for materials which can be most ad- 
vantageously purchased on commitments and released on ship- 
ping orders. 

Purchase requisitions are made out after these budgets have 
been approved. The backs of the requisitions are ruled for 
purchasing records. In our attempt to synchronize incoming 
materials with consumption we are, in some cases, scheduling the 
plants of our vendors. To facilitate this plan further we are 
gradually revising layouts so that incoming materials may be 
dispatched direct from the receiving platform and stocked 
adjacent to the point of consumption. This program has en- 
abled us to reduce storeroom space and handling charges. 


PRODUCTION SCHEDULES 

Daily, weekly, bi-weekly or monthly, depending upon the 
product, manufacturing tickets are made up within the limits 
of previous estimates, and forwarded through managerial channels 
to the production-control division. These tickets are first 
checked to see that all material and equipment are available for 
producing. This procedure is very important in the control 
of in-process material because if a definitely prearranged schedule 
is interrupted at any point of process, due to a shortage of material 
or equipment, surplus inventories will result. 

All products are classified as follows: First, standard stock. 
Under this classification are all products that are sold in suffi- 
cient quantity to justify stocking both at Akron and in the 
branches. Second, Akron stock. Under this classification are 
all products that are sold in sufficient quantity to justify a stock 
at Akron only. Third, special manufacture. Under this class- 
fication are products that are made to order only, such as cus- 
tomer’s brands, conveyor belting, hand-built hose, etc. 

When the requirements are received by the central control 
division, they are broken down into daily machine schedules. 
In the compilation of these schedules, the following points are 
considered; First, economical grouping in order to obtain maxi- 
mum machine capacities and minimum waste of material. Sec- 
ond, relative importance of orders on hand. An emergency order 
system has been found necessary because of the policy of low 
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inventories in all lines of industry. With the flexibility which 
has been created in labor and equipment, emergency orders 
are handled without confusion. 


Lasor ContTROL 


Labor requirements are studied in a thorough manner to 
facilitate carrying out the production program in the most effec- 
tive manner. The labor department is called upon when the 
ticket is received to supply trained men in numbers sufficient 
to handle the production. As such men are not always imme- 
diately available, the labor training department must have 
time to engage and train them when a larger force is to be put 
on, before the ticket becomes effective. Likewise, when re- 
ductions are made, the labor department must be informed so 
that it will stop engaging men to be trained. In such cases, 
transfers of employees to other departments that are active can 
be made, and hardships to workers avoided. 

The control organization confers with the production and 
labor training foremen relative to the type of work and the 
number needed. Requisitions for labor and daily labor con- 
ditions reports are made out by production control for the 
various production departments. 


IMPORTANCE OF THINKING IN PropucTion CYCLEs 


The personnel working on basic schedules must be trained and 
developed to think in terms of production cycles. If the central 
control men do not do this, one department will not be properly 
synchronized with another. 

All products, either standard or special, when placed on sche- 
dule, are allotted a definite time for completion. Occasionally 
normal production time limits must be extended due to a sudden 
influx of emergency and special orders. When this occasion 
arises, the merchandise distribution department is promptly 
notified in order that the sales department may be informed 
that it is necessary for the branch or customer to wait longer than 
usual on the particular product affected. 

In order correctly to synchronize the flow of material through 
the plant, it is necessary for all machines to work to a time 
standard, scientifically determined. Therefore, all work is 
scheduled by machine minutes. The chart used in breaking 
down orders into minutes is based on piecework rates. 


Workers’ INTERESTS GUARDED 


In order to eliminate discontent on the part of the piece- 
worker, earnings over an 8-hour period must be considered at the 
time the schedules are written. Each schedule or order received 
from the merchandise distribution department is broken down 
into production minutes and a chart is posted at intervals during 
the day showing work ahead of each group of machines. By 
the use of this chart, a decision is reached as to the number of 
machines and working shifts required. 


DISPATCHING OF WORK 


A mathematical breakdown of incoming orders is not difficult, 
but a daily schedule properly coordinating equipment, labor, 
and material, and synchronizing one department with another 
is a task of unusual difficulty. It has heretofore been found 
necessary to station at different control points throughout the 
plant, a dispatching organization to provide shift schedules based 
on local conditions and assign work in accordance with the pre- 
determined schedule. The dispatching organization must keep 
the schedule men, located in central control, informed in regard 
to back schedule, breakdowns, inexperienced labor, and various 
other kinds of essential information. 

The centralized control of all schedules and the assignment of 
work to machines throughout the plant is the only method by 


which production can be regulated to assure harmony and uni- 
form operating conditions. 

In the tire departments where certain machines are assign: 
indefinitely to a specific construction, the dispatching function is 
mainly one of keeping process inventories properly in balance. 
However, in the case of certain mechanical-goods departments, 
where a job may represent only a few minutes’ work to a machine, 
the task of keeping the machines properly supplied with work, 
without delays, is rather difficult. 

To assist in this work, the dispatcher is provided with job 
assignment orders, serially numbered, outlining the specification 
of the particular product. Dispatch boards have been installed 
and these orders are so arranged that the condition of the depart - 
ment is semi-graphically outlined. By this method, the produc- 
tion-control organization dispatches material through all opera- 
tions in production and into the finished stock and shipping «ec- 
partments. The job assignment order is the authority to manu- 
facture all products and its design varies with departments. 

These assignments are typewritten and represent the largest 
amount of product that can be economically routed through the 
different departments without producing congestion, but stil! 
keeping all machines busy and providing an orderly sequence of 
work. The assembly of the assignment order is composed of 
as many copies and colors as are required for assignment of work 
to each individual operation, for maintaining the records neces- 
sary to intelligent dispatching, and for the rendering of the oper- 
ator’s or crew’s time. 

In the control of the wrapped-hose department, which is 
representative of other mechanical-goods departments, the 
assignment order consists of six copies; first—special white 
(for cost department), second—white (for stock cutting opera- 
tion), third—blue (for tubing operation), fourth—yellow (for 
building operation), fifth—salmon (for finishing operations), 
sixth—pink (for finishing and assembling operations). 

Each copy is sent to the succeeding operation after the pre- 
vious operation has been performed and serves as authority to 
produce the quantity specified. Completing the operation, 
the supervisor places on the face of the copy, the name of the 
operator who did the work, the quantity, and the time required. 
This form is next returned to the control station. Here the clerk 
inserts the piecework rates and extends them to show the labor 
cost. This sheet, which takes the place of the traditional time 
card, goes to the accounting department. 


Cost Data AND TIME-KEEPING 


The labor costs are summarized from the detailed sheets, 
transcribed to a master sheet, and then identified by factory 
order, specification, and operation numbers. As the labor is 
charged directly against each operation and product, this sys- 
tem enables the accounting department to determine just what 
each product is costing. In this way the products which are 
failing to produce a profit may be gradually eliminated and efforts 
concentrated on lines which make a more satisfactory return. 
The payroll is likewise made up from these sheets. 

The combining of timekeeping and production records has r- 
duced possibilities for errors and has eliminated much duplication 
in clerical work. The rendering of time and the supplying 0/ 
basic cost data is a dispatching function. Generally, the making 
out of all time is now being handled by the production-control 
department. 

After the different copies of the assignment order have served 
their purpose in dispatching material through the production 
departments, three copies of this order accompany the material 
to the stock room. One copy is receipted and returned to the 
production-control department where it is filed with the manu- 
facturing order for reference on deliveries, in case any questi 
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arises after the material is shipped. Another copy goes to fin- 
ished product control which in turn notifies the merchandise 
distribution department that the product is available for ship- 
ment. The latter department then releases the shipping copies 
of the order. The third copy, in some cases only, is retained by 
the stock room for use in identifying material. 


DatLy Reports 


Daily production reports are made by each plant, summarized 
from the records of all shifts in each department. These reports 
cover the work scheduled for each line of product, the amount 
turned out, the overrun or shortage, the josses and their causes, 
the number of workers in each department, number of absentees 
and a summary of the total schedule, the actual production and 
the amount over or under the schedule. Daily condition reports 
are also turned in by the supervisors stating the causes of any 
difficulty experienced. 

A monthly report summarizes these factors in all departments 
of each plant. Items requiring attention are pointed out and 
desirable changes in equipment and methods are suggested. 


ORGANIZATION 


TABLE 1 SUMMARY OF CLASSIFICATION OF PRODUCTION- 
CONTROL PERSONNEL 
Number employed 


Classification Plant No. 1 Plant No. 2 


1 Manager 1 1 

2 Foremen 3 3 

3 Head supervisors 6 6 

4 Central control 7 5 

5 Chief dispatchers 15 14 

6 Senior dispatchers 59 41 

7 Junior dispatchers 58 39 

8 Stock dispatchers l2 13 

9 Scalemen 7 14 

10 Secretarial, clerical, and checkers 4s 33 

ll Clerical and messenger 1 2 

Present department average 200 156 

Total in plant 217 171 

Total in Plant No. 1 217 

Total in Plant No. 2 171 

Assistant superintendent and manager 2 

Total 390 

TABLE 2 CLASSIFICATION OF DUTIES OF PRODUCTION-CON- 

TROL PERSONNEL—PLANTS NOS. 1 AND 2 

In charge of plant functions and 
personnel. 

ee In charge of control functions and 
personnel, several departments. 

Plant Nos. 1 and 2—Central Control... Contact, master schedules, and 

materials control. 
In charge of station—all shifts. 
é and dispatching. 

Floor dispatching and timekeep- 
ing. 

in and out of storage points. 

Secretary and clerical................ Typists, clerical work, and check- 
ers. 

Clerical and messenger............... Clerical work and messenger ser- 


vice. 


Wace INCENTIVE PLAN 


Our experience on incentive plans of wage payment is some- 
what limited. The establishment of piecework rates or incentive 
plans of wage payment has not fallen within the scope of pro- 
duction-control work at the Goodyear Tire & Rubber Co. It is 
economically correct that the operator of exceptional merit shall 
receive an exceptional day’s pay, the average man an average 
day’s pay, and the poor man a poor day’s pay. The piecework 
method of wage payment recognizes this fundamental principle. 
The management of the Goodyear Tire & Rubber Co. has not 
thought it advisable as yet, other than in an experimental way, 
‘o install any incentive plans of wage payment. 

However, the mechanism necessary to operate any plan of wage 
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payment successfully is now established. Correct information 
for control, costing, and wage payment has been provided. The 
possibility and temptation of cheating by operators has been 
eliminated. The management tells the operator what he has 
produced and renders all time, rather than the reverse practice. 
Before wage incentives were considered in an experimental way 
it was believed that delays and hindrances attributed to man- 
agerial causes must be reduced to a minimum, in fairness to the 
operator. We believe this condition has been created in a satis- 
factory manner. The possibility of increasing plant efficiency 
through incentive stimulants becomes correspondingly less 
where scientific schedules and proper standards for execution are 
set and enforced by the management. 

These remarks are made with the understanding that a well- 
developed plan of scientific management must include incentive 
plans of wage payment and as previously stated, the Goodyear 
management is now working experimentally on this problem 
based on quantity and quality. 

One of our most important operations is final inspection. 
A form of incentive plan was introduced to see whether or not it 
would have any effect on quality. The basis of the incentive 
plan was an allowance of 50 per cent for quality of a certain stand- 
ard, and 50 per cent for quantity. This system was in operation 
but a short time when it proved conclusively that the quality of 
the product had depreciated. Immediately the basis of the 
payment was changed to 90 per cent for quality and 10 per cent 
for quantity. The quality of inspection on this operation is at a 
higher point today than it ever has been. This particular plan 
has rested upon its merits and has proved successful. 


SuMMARY 


To summarize briefly, an analysis and classification of the steps 
required in manufacturing has been made. Departments have 
been fully organized to handle each type of work that is to be 
done. A close relationship has been developed between these 
departments so that they work together. Output is based upon 
market demand through direct contact between sales and pro- 
duction departments. 

A logical, and as far as possible, automatic procedure has been 
established to put orders in shape for rapid manufacturing and 
to have men, equipment, and materials ready to handle production 
on a definite, smooth schedule. Production control, or the re- 
sponsibility for the scheduling of work and the coordination of 
men, equipment, and materials to do it, has been definitely sepa- 
rated from actual production, or the doing of the work. Local 
units keep in constant touch with the progress of work and see 
that schedules are lived up to every hour of the twenty-four 
Inventories and work-in-process have been radically reduced. 

Finished stocks are kept at an economical level, but distributing 
branches are amply served and shipping dates are met. 

Employment has been stabilized. Labor has increased in effi- 
ciency. Developments are still producing equally remarkable 
results, and the management has demonstrated beyond a doubt 
that production control in continuous process industries can be 
made a complete success. 


Discussion 


W. S. Ricwarpson.? Before one can really enter into a dis- 
cussion of any particular application of scientific management in 
an industry, consideration must be given to the peculiarities 
encountered within that industry. The practices incidental 
to the application of the management plan can then be examined 
and the method of surmounting the obstacles be observed. 


2 Manager Planning Department, B. F. Goodrich Rubber Co., 
Akron, O. 
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In the first. place, production control reduced to its least com- 
mon factor, undoubtedly is that function in organization whose 
aim is to produce a given quantity of product in a given time with 
a given quantity of raw material. In order to be able to accom- 
plish this in the rubber industry, particularly on products known 
as mechanical rubber goods, wherein the demand rises and falls 
in rapid cycles in an industry which requires a high degree of 
technical skill and a great variety of raw material, the following 
obstacles will be encountered: 


1 Shortage or excess of raw material required in producing a 
given quantity of product in a given time 

2 Rapid variation in the demand for trained iabor to meet 
and balance the rapid changes in the production rate, 
particularly on mechanical rubber goods 

3 Variation in the production rate due to defective material 
prior to and subsequent to process 

4 Variation in the production rate, due to equipment break- 
down 

5 Variation in the output per man. 


Let us examine the first obstacle, material supply, and see how, 
in the instance presented, the matteris handled. The production- 
control department has a knowledge of the articles and quan- 
tities to be manufactured thirty days to six months ahead of the 
actual production period. This information is forecasted by the 
sales department and insofar as mechanical rubber goods are 
concerned, is the only instance within the industry that such a 
set-up has been effected. It is the backbone of effectiveness for 
production control, and from any angle is a highly commendable 
practice, reflecting a very well organized plan of merchandise 
distribution which carries the product direct to the consumer. 

With this knowledge a breakdown into material requirement is 
eomparatively simple. But to supplement this we find that the 
production control department has responsibility for plant raw- 
material inventory. This means that while it must see that the 
purchasing department procures sufficient raw material at the 
required time, it must also see that it does not procure too much. 
This is accomplished by means of purchase releases issued by the 
production-control department to the purchasing department, 
indicating the quantity and the time at which any material is to 
be brought into the plant. This is a novel idea as applied to the 
rubber industry. 

The second obstacle is the supply of labor involved in an in- 
dustry with rapid changes in the production requirements. Here 
the production control has a real weapon in the shape of a supply 
of super-labor which can be used at its discretion to maintain 
the required labor in uniform balance to meet a predetermined 
rate of production, and also to absorb the shock incidental to 
rapid increases or decreases in the output required by sales. This 
is an extremely happy plan. It merits full consideration in the 
avoidance of costly labor turnover in a large plant manufacturing 
a diversified product, which has widespread use and requires 
rapid delivery after the actual placing of an order. 

The third obstacle is always present in the rubber industry; 
namely, variation in production rate due to defective raw material 
or defective product. Here it appears that the production-con- 
trol department at the Goodyear plants has made no mention of 
any facts which would tend to show that this had been overcome. 
The industry would certainly welcome any foolproof safeguard 
against this contingency. 

Nor do we find any solution for overcoming the liability of 
equipment breakdown, although the flexible labor supply would 
in most instances permit average breakdown loss to be rapidly 
discounted. 

Variation in the output per man, will, in the absence of a wage- 
incentive plan, generally be found to rest at a fairly uniform level. 


To discount any variation, the Goodyear production control has 
two weapons—first, the flexible supply of trained labor; second, 
the data it can accumulate incidental to its rendering of output 
per man to the timekeeping and cost departments which permit 
it to put into process only such quantities as the records indicate 
can be accomplished; third, its network of dispatchers who can 
quickly reflect any condition in either direction that may tend 
to build up the in-process inventory. 

In summary, it can be said that from all angles, the funda- 
mentals underlying the plan of production control as established 
at the Goodyear Tire & Rubber Co. have much to commend then 
in any continuous process industry. From the point of view of « 
company in a similar line of product, facing the same problems 
one cannot do less than to state that much of value can be gained 
from giving serious consideration to the adoption of methods as 
fitting to the needs of the times as those practiced at Goodyear 

The writer's company has been working in this same directio: 
for the past two years. While the work has not progressed to th: 
degree current at Goodyear, more territory is being embraced 
Side by side with production control, wage payment incentiy 
plans are being developed, and in addition, a plan to gover 
the consumption of raw material within the limits of the amoun's 
used in costs, much the same as labor is governed. This fune- 
tion which has been separated from the direct production forces 
is called material control. It embraces control of all the ele- 
ments of waste, both seen and unseen, occurring along the pro- 
duction route. It is needed in the rubber industry in the contr 
of plant and in-process inventory as much as is control of th 
rate of output, for an excess use of any material beyond the under- 
stood limits will do much to make unsteady and ineffective other 
controls that have been set up. 


Tue AvutHor. Problems peculiar to the rubber industry 
which are mentioned in Mr. Richardson’s discussion of my paper 
will no doubt continue so long as present conditions and pre- 
esses of rubber manufacturing exist. The solution is largely or 
of organizing methods to meet these various irregularities in ‘th 
most effective and economical manner possible. 

Methods which are now used at Goodyear in overcoming thes 
obstacles seem to be understood with the exception of the manne 
in which we handle machine breakdowns, defective materiss 
variations in labor, etc. 

In addition to disruption of previous estimates and plans caus: 
by changed conditions in the sales field, provisions have 3s 
been made to safeguard against excessive waste and local pls= 
irregularities. These irregularities are caused mainly by ™ 
placement of defective material, changes in specifications, m 
chine breakdowns, damaged auxiliary equipment (such as mols 
cores, etc.), experimental and emergency orders, slow and ‘ss 
labor, absentees, over or under running of schedules, and oth 
items too numerous to mention. The efficient accomplishme 
of plans to cope successfully with these disturbing factors, ¥™ 
oftentimes cannot be foreseen or planned in advance, mus* ° 
immediately regulated by adjustments of schedules and labor 

A suitable mechanism of control, sufficiently flexible to m= 
these constant changes, has been provided to assist in insu™ 
proper turnovers and desired deliveries of finished prode" 
This function and responsibility is handled by a local combins®* 
scheduling and dispatching organization which reassigns *°* 
in the proper sequence to suit the needs and means availab® 
each operation in the particular circle involved. 

In connection with the controls which have been set uP * 
Goodyear to smooth out variables and irregularities, the ms=s2 
ment is also constantly applying corrective measures and = 
provements which tend to reduce disruptions and the res! 
waste to a minimum. 


y 
‘ 
j 


has 
utput 
ermit 
licate 


O Can 


tend 


unda- 
lished 
then 
of a 
»lems 
rained 
ods as 
dyear 
ectior 
to th 
raced 
entive 
rovert 
fune- 
forces 
1e ele- 
pro- 
ontr 

of the 
under- 
other 


MAN-50-3 


Coordinating Wage Incentives and Produc- 


tion Control 


A Short Account of the Various Methods That Have Been Tried in the East Pittsburgh Works 
of the Westinghouse Electric & Manufacturing Company, Together with a Description 
of the Plan Finally Adopted and Now in Use 


By D. B. CHARTERS,! EAST PITTSBURGH, PA. 


facturing Company has been in existence have afforded 

that company considerable time in which to try most of 
the plans advocated for increasing production by means of wage 
incentives, and it is the purpose of this paper to explain briefly 
the plan which is now in use as a result of this experience and to 
tell how it can be applied to other than productive labor in order 
to obtain the condition suggested by the subject of this paper. 

The plan developed is known as the Standard-Time System 
of Wage Payment and has become the adopted plan in our work. 

The fundamentals of the Standard-Time System are a day 
rate, a standard-time rate, and a time allowance. 

The day rate is considered as being a fair rate for a certain 
class of work in a community when paid for on a day-work basis. 

The standard-time rate is a certain percentage higher than 
the day rate, and is offered as an incentive to perform the work 
within the time allowance. When speaking of a ‘class’ of work, 
reference is to the Westinghouse plan of job classification wherein 
all jobs in the shop are placed in one of five classifications, namely, 
unskilled, repetition-routine, semi-skilled, skilled, and highly 
skilled. 

A range of rates, both day-work and standard-time, is assigned 
to each class of work and is recorded on what is known as the 
“key sheet.” This sheet shows the maximum and minimum 
rates that may be paid for all classes of work, and is used by the 
Employment Department when hiring help. 

The standard time or time allowance for a given operation 
is the time which can be met by an average worker working 
normally under average conditions, and is obtained by means 
of a time study. 

A time study is a study of the detail operations required to 
complete a certain job, and the recording of the time in such a 
manner that comparisons and selections may be made. A study 
should only be taken when conditions are satisfactory and the 
methods standard as to motions and their sequence. 

Whenever possible a formula is compiled from the time-study 
data, and for any given operation will cover all conditions likely 
to be encountered. Consistency is one of the most important 
advantages of the formula, or perhaps it could be better stated 
were we to say that the formula tends to eliminate inconsistencies. 


T HE forty-two years that the Westinghouse Electric & Manu- 


PRINCIPLES OF THE STANDARD-TIME SysTEM 


A standard-time allowance is established on each operation 
or job. When the time taken to perform the work is equal to 
or less than the time allowed, the operator is paid for the time 
allowed at his standard-time rate, which is, as already stated, 
4 certain percentage higher than his hourly day rate. When 
the time taken is greater than the time allowed, the worker is 
paid for the time taken at his day rate. From this procedure 
it is seen that the worker is guaranteed his hourly day rate. 


' Westinghouse Electric & Manufacturing Co., East Pittsburgh, Pa. 

Presented at the National Meeting, Rochester, N. Y., of the Man- 
agement Division of Taz AMERICAN Society OF MECHANICAL EN- 
GINEERS, October 26 and 27, 1927. 


A decided advantage in connection with the application of 
the Standard-Time System is that it affords a means for check- 
ing the efficiency of each worker. This is accomplished by means 
of what we call a “fall down” card and a performance chart. The 
advantages to be gained by the system depend largely upon the 
proper handling of the “‘fall downs.’’ By “fall downs’ are meant 
those cases where the worker does not complete the work within 
the time allowed. 

The procedure that has been adopted as standard for handling 
“fall downs”’ is as follows: When time slips are turned over to 
the time clerk, he promptly extends the time, and in all cases 
where the worker has failed to meet standard time, he makes 
out a “fall down” card and forwards it to the time-study man who 
interviews the worker in order to determine the reason for the 
fall down, correcting all cases where the failure was due to causes 
over which the Time-Study Department has contro]. After 
making the proper notations, the “fall down’’ card is sent to 
the foreman, and after receiving his comments and signature, 
it is sent to the performance-chart clerk, where a graphic record 
of the worker’s performance is made. The card is then sent 
to the time-study foreman, who, after approving, sends it to 
the general foreman. The general foreman makes his observations 
and returns the card to the Time-Study Department to be filed. 
By this method each of the interested parties are made familiar 
with the details of the trouble and are generally enabled there- 
after to avoid a repetition of the same difficulty. 

The performance-chart record furnishes valuable information 


‘to the foreman and superintendent when re-rating and selecting 
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men for promotion. It also provides a ready means of check- 


ing the progress and development of new workers. The effi- 


ciency of an entire section or department may readily be de- 
termined and comparisons made between different departments 
throughout the works. 

In comparing the standard-time system of wage payment 
with other well-known systems, one of the points that might 
be criticized is that the time spent in preparation for placing 
a standard-time allowance on a job is sometimes considerably 
more than required by other systems. This extra time, however, 
is necessary because all conditions must be normal, all super- 
fluous motions eliminated, the mechanical features approved, 
and the design of the apparatus or part checked so as to be sure 
that the worker is working to the best advantage. The time 
allowance set under these conditions is quite likely to remain 
stable, the workman is able to figure his income with a consider- 
able degree of accuracy, and the company is reasonably sure 
that the cost of the article is right. On the other hand, if a value 
is placed on the job without these precautions, many revisions 
will probably be necessary as the search for improvements goes 
on under the urge of increased earnings. It is even quite prob- 
able that a workman will hesitate to advance his ideas if he knows 
that improved methods will lead to reduced values. The unit 
of value, or “time allowance,” is expressed in decimal hours, 
which is easily understood and is not subject to misinterpretation, 
while some other systems use special names for their units of 
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measurement, which, after all, are nothing but periods of time. 
The allowances for fatigue and personal needs are based on ob- 
servations extending over many years and made on thousands 
of different jobs. They are easily understood by the workman, 
who has confidence in the justice of the allowances, based as 
they are on actual performances. It would seem that this pro- 
cedure is to be preferred over the secret and mysterious allow- 
ances used in some other systems. In a plant such as the West- 
inghouse at East Pittsburgh where many of the workmen have 
had twenty years of experience with various and sundry wage- 
payment plans, they are almost as well informed as some of the 
experts, and any plan which cannot be readily explained and un- 
derstood would fare badly. It will be noticed that in this plan of 
incentive wage payment there is no provision for compensating 
the foreman and other non-productive workers for any extra 
effort put forth. From the years of experience with various wage- 
payment plans it has seemed best to keep entirely separate any 
plans for compensating the productive and non-productive work- 
ers. That is to say, the productive worker should not provide 
directly through his own efforts the reward for extra effort 
given to the non-productive workers. It is granted that the 
interest in increased production should be a common one, but 
even the appearance of rewarding one group at the expense of 
the other should be avoided. Some systems provide that should 
the worker earn more than his regular hourly rate a portion of 
the extra earnings shall be given the non-productive workers 
for their efforts which have enabled the productive worker to 
produce and earn more than would otherwise be the case. The 
productive workman eventually becomes possessed of the idea 
that some of his earnings are being used to compensate the non- 
productive workmen. 

Some other advantages of the Standard-Time System are 
that it is applicable to both standard and special lines of work. 
Again, the payroll work is simple, being only the hours allowed 
for the work multiplied by the standard-time rate. Further, 
the rate differential is so proportioned that while the incentive 
to speed exists, the lower rate is high enough to accomplish 
easily the change from incentive work to day work. 

Although the results obtained from incentive systems have 


been remarkable, there are at the same time some disadvantages’ 


which occur from having a number of workers concentrating 
only on their own individual production. Each worker realizes 
that he is paid only for what he produces, and it is but natural 
that he should strive to increase his own output, regardless of 
everything else. He feels that he has no time to help out new 
men or give a fellow-worker a hand when he is in difficulties, 
and he is unwilling to lose time hunting lost material, or doing 
a little extra work for which he is not directly paid but which 
will improve quality, speed up work as a whole, or help out the 
supervisory force. Lack of cooperation between the men and 
the management and among the men themselves is often evident. 
In order to correct such conditions, the Westinghouse Company 
has devised a group system. That it has accomplished its pur- 
pose has been proved by successful application in many and 
varied lines within the company. It is not to be doubted, how- 
ever, that its application in industry as a whole has been decidedly 
limited. It will be well, therefore, to set forth the fundamental 
principles upon which the group system is based, together with 
a discussion of its advantages and disadvantages, so that those 
who have not heretofore done so may see where the group sys- 
tem may be introduced to advantage in their own industry. 
Assume that two workers of about the same degree of skill 
and working with the same effort work side by side on the same 
class of work. They notice that, although they work in about 
the same manner, they do not produce equal amounts of work 
each day. One will produce more than the other, depending 


upon the conditions met with. One may run out of material 
or may be delayed by tool breakage, or may experience any of 
the thousand-and-one delays which occur occasionally. The 
other man, in the meantime, is having a better run of luck, and 
he is able to produce more on that particular day. These two 
men, wishing to steady their daily earnings and to secure the 
fullest cooperation from each other, mutually agree to pool the 
work done by each, and at the end of each day make an equa! 
division of the total. These operators, then, have formed a 
group. This same agreement may be made among three, four, 
or any reasonable number of men. When a group is formed 
by the men themselves, however, the number of members of 
the group is generally kept small; for the arrangement usually 
calls for an equal division of earnings, and only men who are cap- 
able of producing nearly equal amounts of work are willing to 
band together. 

Groups formed by the men themselves occur in industry, but 
they are not common. Generally workers on the same class 
of work possess different abilities, and the greater producer is 
not willing to enter into an agreement with the lesser producer 
Rather, groups are organized by the management, and a pay- 
ment system devised whereby each man shares in the earnings 
of the group in proportion to the amount of time he works in the 
group and in proportion to his ability. 

A group, then, is a number of workers working on the same 
class of product who pool the product of their labor, and the 
method of distributing the earnings of the group among the 
workers is known as the Group System of Wage Payment. 


ADVANTAGES OF THE Group SysTEM 


Better Cooperation. There is greater cooperation among men 
in a group than among individuals. Since everything that will 
aid in the completion of the work will mean more money for the 
group and hence for each man, the individual is willing to help 
his fellow-workers whenever necessary. For instance, if a man 
needs help in lifting a heavy casting on to his work bench, he 
will get that help under the individual incentive system only 
when his neighbor has finished what he is doing and when i! 
suits his convenience to give a hand. Help is often given grudg 
ingly, and at times there is wrangling between the men, partic- 
ularly if they do not happen to like each other for personal reasons. 
In a group, one man will set personal feelings aside and help 
another man willingly, because by so doing he knows that he is 
helping to increase his own earnings. This willingness to coop 
erate with one another increases with the length of time the group 
works together, until a group spirit is built up which will affect 
every man in the group. 

Lost time caused by waiting for a moveman to bring mor 
material, waiting for the tool room to grind tools, and other 
small delays which would cause the individual operator to los 
time, is practically eliminated under the Group System. li 
the operator is forced to stop his own work for any reason, he 
will help another man in the group on another operation, or be 
will do some odd job which will aid the group as a whole 

Again, one man of a group will be more careful in performing 
an operation if he knows it will aid the next man in performing 
the following operation. For example, one man milling a cas 
ing which is then to be drilled will try harder to remove all burrs 
so that the piece will fit smoothly into the drill jig used by the 
next operator in the group. If any burrs must be file: off he 
will do this while his machine is making the next cut. Thv 
the drill-press operator can work steadily with no lost time 
Such things, although small in themselves, amount to consid- 
erable time in the aggregate and will increase the overall group 
efficiency and consequent earnings to quite an appreciable exten! 

There are always some jobs which are not as desirable from 
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the worker’s viewpoint as others. The work may be heavier 
or more complicated than the average; it may be more disagree- 
able, or it may be a short order which will not allow the worker 
to get into the swing of the work and thus work more efficiently 
and make higher earnings. No matter what the cause, if the 
job is undesirable, under the individual system, there is a ten- 
dency for the operator to shun it in the hope that eventually some 
other worker will do it. This makes it more difficult for the plan- 
ning department to get such jobs through the shop, and often 
these orders are seriously delayed. A group, on the other hand, 
realizes that it will eventually do the job and that there is no 
particular advantage in setting it aside and favoring other work. 
Thus the schedule clerk has merely to inform the group leader 
when the job is wanted to be reasonably sure of getting it. This 
materially lessens the work of the planning department, and 
tends to reduce the number of overdue orders. 

Reduction of Supervision. Many workers object to so much 
being spent for overhead, for they feel that they are supporting 
the so-called non-productive employees. This feeling is mini- 
mized under the Group System, for the amount of supervision 
and hence the size of the non-productive supervisory force is 
greatly reduced. The group leader is, in effect, made an assist- 
ant foreman. He is, however, in much closer contact with 
the men under him than the assistant foreman would be for he 
generally has fewer men to handle, and he works side by side 
with his men. The group leader is personally interested in what 
his men produce, for their production affects his earnings, while, 
as a rule, assistant foremen are paid on a fixed salary basis inde- 
pendent of production. 

The group leader gives instructions to his men and sees that 
they work properly. He makes certain that they are using the 
most efficient methods and that they interpret drawings and 
shop information properly. The foreman merely instructs the 
group leader in a general way, leaving to him the working out 
of the minor details, 

The size of the planning department is reduced by the Group 
System. Instead of assigning jobs to each individual man, it 
tells the group leader what jobs are wanted next and leaves it 
to the group leader to get the jobs done. Obviously, it is easier 
for the planning department to deal with ten group leaders, 
each of whom supervises nine men, than it would be to deal with 
the hundred men as individuals. 

Under the Group System, few instructors are needed. The 
group leader and the other men in the group all help to show 
the new man how to go about his work more efficiently. The 
hew man tends to learn from members of the group in a shorter 
period than he would under an instructor since they are in more 
constant contact with him. The older men realize that the sooner 
they break in the new man, the sooner they will get the full ad- 
vantage of his efforts. The new man is anxious to show the 
group that he is capable of working with them, so he strives 
more earnestly to learn than he would under an instructor. 
Reduces Non-Productive Labor. Under the Group System 
it is often possible to include in the group. material handlers 
and other service men so that they may share in the efforts and 
earnings of the group. For instance, suppose that one man 
is needed to bring materials to and remove finished work from a 
group of ten men. By increasing all time allowances applicable 
to the group by some percentage, it becomes possible to include 
the moveman in the group, and since his earnings are affected 
by the group he will be more willing to help them than when 
he was working as an individual and had no interest in greater 
production. The group leader will be quick to find simple jobs 
for him to do when he has no material-handling work to occupy 
In time this man will be able to learn to do the harder 
Jobs, and eventually he may be able to take his place in the group 
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as a full-fledged artisan, and, of course, will share in the earnings 
of the group to a greater extent. The service men as a whole 
will realize that they have a chance to improve themselves and 
get ahead, and it will be possible to get a better class of men 
to accept and keep such jobs. Labor turnover will be reduced, and 
at the same time new skilled workers are constantly being de- 
veloped. 

Simplifies Costing and Time Keeping. Where actual costs 
are determined on every job that goes through the shop, a very 
large cost staff is required under the individual system. Under 
that system each man that works on a job turns in an individual 
time slip on that job. When the job is completed, all the time 
slips are assembled. The amount paid each worker on each 
time slip is found by multiplying the time earned or the number 
of pieces made, as the case may be, by each individual rate. The 
total of those amounts gives the actual labor cost of the job. 
If the job comes through the shop later and is worked on by 
different men at different rates, the actual cost will be different. 
If a breakdown occurs while the job is being made and the worker 
neglects to turn in an extra time slip covering the delay, the job 
will be charged with the time lost, while in reality it does not de- 
serve this charge. 

Under the Group System the cost is computed from the av- 
erage wage rate of the group multiplied by the total time allow- 
ance for the job. This makes a very simple method of costing. 
Unless the personnel of the group changes or unless there is an 
increase or reduction of wage rates in the group, the cost of mak- 
ing the job will be the same every time it goes through the shop. 
Minor breakdowns are not charged against any one job but are 
distributed over all jobs. 

Time keeping is made much easier under the Group System. 
Each man turns in only one time slip a day. On it are his name, 
check number, group number, and the amount of time worked. 
The amount earned is figured either from the shipping report 
of the section or the shipping report of the group as made out 
by the inspector. Thus the time keeper has only as many time 
slips to handle each day as there are men in the group. 


Bonus PLans ADOPTED 


As mentioned before, the problem of coordinating wage in- 
centives and production control has been handled by the West- 
inghouse Company in a somewhat different manner than is usual 
in most systems, and some of the ideas that have served their 
purpose or now exist will be discussed. 

During the World War when the need for production was 
so great that cost was a secondary consideration, the workmen 
were offered such incentives that unprecedented effort was given 
and the wages were enormous. At such a time it was useless 
to expect the foremen, clerks, and other non-productive workers 
to exert themselves proportionately for their regular salary 
which was perhaps one-fifth to one-half what a hard-working 
lathe hand could count upon earning. This was taken care of 
by the following bonus plans. 

Supervisory Bonus. This plan provided for payment of bonus 
to the supervisory force identified primarily with production. 
It affected salaried employees observing shop hours and super- 
intendents and assistant superintendents who did not observe 
shop hours. It did not include inspectors, time-study men, or 
time, cost, and estimating clerks. 

Bonus was based on four factors: 

1 Production 

2 Percentage of Overdue Orders 
3 Expense Control, and 

4 Man Efficiency. 

A load or “bogey” for each factor was set for each section on 
production as follows: 


. 
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Production—Load fixed for each month by Central Production 
Department 

Percentage of Overdue Orders—Bogey fixed for each month 
by the Central Production Department 

Expense Control—Bogey based on past records and not changed 
from month to month 

Man Efficiency—Bonus paid one-half the average percentage 
increase of the workmen’s earnings over standard. 

Five (5) per cent bonus was paid on each factor where load 
or bogey was met. Three (3) per cent bonus was paid where 
95 per cent efficiency was reached. The bonus earned on all 
factors were added and the total represented the percentage 
added to the salary of each participant. 

If efficiency fell below 95 per cent on any factor, no bonus was 
paid on that factor. If efficiency fell to 85 per cent on any one 
factor, bonus on all factors was canceled. 

If the load was exceeded or if results were better than repre- 
sented by the bogey, 1 per cent additional bonus was paid for 
each 5 per cent increase. 

Time, Payroll, and Checker’s Bonus. An allowance of $3.50 
per month was made for handling the time and checking of each 
workman. An average was taken on the number of accounts 
closed in by the Payroll Department for the two pays of the 
month, and should this average, for example, be 1000 accounts, 
the total allowance for earnings of time and payroll clerks and 
checkers for that month would be $3500. Should the actual 
salaries of this group amount to only $2500, one-half the amount 
saved, or $500, would be paid the group as bonus, subject to 
the following deductions based on the equality of the service 
rendered: 

1 Before prorating that portion of the bonus payable to the 
payroll and time clerks a deduction will be made of 50 
cents for each pay shortage. 

2 A2per cent bonus deduction will be made from time clerks 
and checkers for each 1 per cent error in the checkers’ 
counts as revealed by the inventories. This deduction 
will be based on the average error of all operations. 

On certain kinds of so-called non-productive work the output 
is not directly proportional to the effort expended, for example, 
material handling, receiving, storing, and issuing of raw ma- 
terials and the like. Investigation on this kind of work has 
shown that with an increased effort of approximately 10 per 
cent on the part of the worker it is possible to increase his out- 
put about 100 per cent. As an example of this condition take 
the case in which a man goes to a storeroom presenting a requi- 
sition for one piece of a certain item. To supply this piece the 
storeroom attendant receives the requisition, refers to his records 
to locate the proper bin, goes to the bin, picks up a piece, and 
delivers it to the man at the window, recording the withdrawal 
in the ledger. 

Had this requisition specified two pieces instead of one, the 
work involved on the part of the storeroom attendant would 
have been very slightly increased, yet the output would have 
been doubled. In order, therefore, to place work of this nature 
on an incentive basis, it is necessary that this condition be taken 
into account. The following formula was accordingly designed 
to be used in such cases: 


(Established Time — Time Taken) * F + Time Taken 
= Time Allowed 


where F is a factor representing the increase in effort necessary 
to bring about an increase of 100 per cent in the output. In 
most cases this factor is equal to approximately 0.10. An ex- 
ample will illustrate the method of figuring earnings from the 
formula. In a storeroom there is a group of nine men. In a 
certain pay period there were 96 working hours, or the ‘Time 
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Taken’”’ was equivalent to 96 X 9 or 864 man-hours. Material 
for 700 control-panel sections was delivered to the floor by the 
storeroom group at an allowed time of 1.50 man-hours per panel. 
The “Established Time’ would therefore be equivalent to 700 
< 1.50 or 1050 man-hours. Using a factor F equal to 0.10 and 
substituting in the formula, we have, 


(1050 — 864) 0.10 + 864 = 18.6 + 864 = 882.6 man-hoursallowed. 


This example shows the results obtained from a wage-payment 
system which is founded on the theory that the worker should 
be paid for the time taken plus some fraction of the time he saves; 
that fraction, which in the example was '/j), depends upon the 
amount of increase of effort required to give the increased out- 
put. In other words, if the worker does twice as much work to 
turn out twice as much product, he should be paid on a straight 
standard-time basis, or his incentive factor would be 1.0. If, 
however, as already explained, it is only necessary to increase 
his effort 1/j) to double his output, this factor should be 0.10. 

This method of figuring allowed time on work of a non-pro- 
ductive nature is used quite extensively at East Pittsburgh and 
appears to be looked upon favorably by the workmen, while 
it is quite interesting from the company’s standpoint to know 
that excessive earnings, or earnings out of proportion to the effort 
expended, will not be possible. 

Production, time, and cost clerks may increase their earnings 
by additional effort through a standard-time plan based on time 
necessary to get an order properly recorded, checked and into 
work. It might be well to state, however, that although this 
plan has been carefully considered and has all the earmarks of a 
practical plan, it is not yet in use. 

The route through which an order travels in each section should 
be laid out in order to eliminate back-tracking and lost time. 

Each stock order will be classified according to the number 
of different steps or operations through which it must pass. For 
example, an order calling for a certain type of apparatus, may re- 
quire issuing a considerable number of requisitions, ordering parts 
from different feeder sections, drawing material from storerooms 
and requesting material through the Purchasing Department 
Assuming that this order requires as much or more labor than 
any other, we shall call it Class A, for which will be established 
a time value in man-hours for performing the work. All orders 
requiring the same number of operations or within a reasonable 
amount to be listed in the same class. If the range becomes too 
great other classes may be established such as B, C, D, and E, 
for which separate time values will be set. 

The time elapsing between the receipt and completion of the 
order will afford sufficient time in which to study and classify 
each order. The performance record will not be taken unti 
the jobs are shipped. 

All clerical help in a section that assists in recording, ordering 
material, issuing time cards, writing labor cards, shipping, “ 
compiling costs in connection with an order, will constitute on¢ 
group. The production clerk in charge in the section will & 
recognized as the group leader. It will be his duty to plan an¢ 
supervise the work. 

At the end of each semi-monthly pay period a record will 
made of the number and classes of jobs shipped. The to 
number of jobs in each class will then be multiplied by the & 
tablished time value which will give the total time allowed 
each class. A total of the time allowed for the different clas 
will then be made which will equal total time allowed. 

From the semi-monthly time reports will be taken the “= 
actually worked by each member of the group, a total of whic 
will equal the time taken. These time reports must be approv® 


by the head of the division or some one to whom this duty b# 
been delegated. 
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In order to calculate the earnings of the group, proceed as 
Time Taken 
Time Allowed 
figure in the table below will be shown the percentage to be added 
to the earnings of each individual in the group. 

The flat wages of each member of the group will be increased 
by this figure except in such cases where an individual has been 
absent or late, when it will apply only to that portion of his earn- 
ings covering the time actually worked. 

Overtime will be counted as time taken, but no compensa- 
tion will be allowed in addition to that earned by the incentive 
lan. 

When the percentage figures less than 10 per cent the group 
will be considered as having failed to qualify and will be paid 
their flat earnings. 


follows: = Performance percentage. Opposite this 


Percentage to be added 
to earnings of each in- 
dividual of group 


Time taken more than time allowed 0 

Time taken equal to time allowed 10.1 
Time taken 90 per cent of time allowed an. 
Time taken 80 per cent of time allowed 12.5 
Time taken 75 per cent of time allowed 13.3 
Time taken 60 per cent of time allowed 16.7 
Time taken 50 per cent of time allowed 20.0 
Time taken 40 per cent of time allowed 25.0 
Time taken 30 per cent of time allowed 33.3 
Time taken 20 per cent of time allowed 50.0 
Time taken 10 per cent of time allowed 100.0 


It will be noticed that all persons up to the foreman in charge 
can be placed on an incentive plan. Some may feel that the 
foreman should be included, but experience has shown that it 
is well to have some person in charge of the group who will have 
no direct financial interest in the result and can therefore see 
to it that undesirable means are not used for obtaining temporary 
advantages. 

It may be asked whether or not the incentives offered the 
workmen in the wage and bonus systems herein described, have 
any off-setting effect in increasing accidents along with in- 
creased production? 

In view of the dismal accident record of industries generally, 
until comparatively recently, the question is a perfectly proper 
one, 

It is beginning to be recognized that a really efficient shop is 
at the same time a safe one—that is, one phase of a business 
cannot be developed at the expense of another and in our own 
shops experience has borne this out. 

Careful study has been made of every disabling accident over 
a period of several years and not a single instance has yet been 
found where an accident even remotely could be traced to ex- 
cessive speed as a result of a wage incentive. Safety is never 
sacrificed to speed, but on the contrary there have been occasions 
where the reverse has been true, and the fact that our accidents 
have decreased 81 per cent in the past five years, is offered in 
confirmation of this statement. 

Summing up in a few words, it would seem that coordination 
of wage incentives and production control can best be obtained 
by furnishing a common interest in greater output through en- 
tirely separate wage-incentive plans and compensation for the 
different groups involved. 


Discussion 


G. D. Bearce.? The author clearly outlines the production 
control and bonus system used by the Westinghouse Electric & 
Manufacturing Company at East Pittsburgh. Further develop- 
ment of the standard-time system of wage payment is the most 
logical of any of the bonus systems that are in vogue. It assures 
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the worker of a fair rate of pay and provides him with an incen- 
tive to increase his productivity. 

The procedure termed the “fall down” method of keeping 
track of the ability of the worker should be very effective. The 
term, however, is quite harsh, and from the standpoint of psy- 
chology, the workman should not be accused of falling down, 
but rather have it brought to his attention that an “unfulfilled 
task” is charged against his record. 

One of the first questions considered, when the bonus system 
is undertaken by a plant that has never had experience with 
wage incentives, is the cost of operation. The author might 
present information of this nature which would enhance the 
value of his paper. 

In the discussion regarding the value of paying bonuses to 
non-productive labor, the fact should not be overlooked that 
doubtless considerable of this type of labor is necessary to operate 
any bonus system. Consequently if bonuses are not paid 
to non-productive labor, at least the added cost of operation for a 
bonus system should be deducted from any savings that such a 
system might make possible. 


J. E. Dyxsrra.* While the writer personally believes that the 
standard-time system is as easily applicable to any plant as 
any of the various incentive systems, and more so than many, 
yet it would seem that the system outlined by the author would 
present problems in some lines of endeavor that would make its 
application, as a whole, a matter of some difficulty. Not every 
factory is so situated as to make a group system possible, and 
this is especially true of some of the so-called job shops, where 
quantities are always limited and size and quality of the work 
are greatly diversified. 

The special benefits of the group plan are given under the 
heads of Better Cooperation, Reduction of Supervision, Re- 
duction of Non-Productive Labor, and Simplifying of Costing 
and Time-Keeping. These four items enumerated are readily 
operative and applicable in all cases where production and the 
product itself permit the grouping of a number of individuals 
of similar skill, and where the production operations are somewhat 
similar. Assembling operations will most readily fall under 
this classification. We should, however, be mindful of the fact 
that there are many factories having departments employing 
from 10 to 30 people, and yet have in these departments such 
diversified equipment that everything from a crankshaft for 
a 300-hp. engine down to a special capscrew for a 10-hp. engine, 
or a clutch must be produced. Under such conditions, the 
writer believes that the four items just mentioned as a natural 
sequence of the group system become extremely difficult of 
realization, and that even the group plan itself becomes difficult 
of application. 

The fourth item, Simplifying Costing and Time-Keeping, 
which could possibly be applied to the units produced as a whole, 
becomes at once an impossibility, when an accurate parts cost 
is necessary in order to determine a reasonable price for replace- 
ment parts. It naturally becomes impossible for one man to 
make out ®ne time slip for a day’s work when he may work on as 
many as a dozen or more jobs during the work day. 

The second and third items, Reduction of Supervision and 
Reduction of Non-Productive Labor, also lose much of their 
possibilities under such conditions as those mentioned; and the 
first item, Better Cooperation, becomes largely a question 
of management and leadership. 

Nevertheless, the outstanding items described by the author are 
perfectly applicable in all classes of manufacture. The most 
important items as the writer sees them are: The classification 
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of equipment and manufactured parts; and a systematic time 
study, fully analyzing each operation and its tooling possibilities, 
plus a reminder system or “fall-down card,’ when any one 
employee fails to perform any operation within the time limit 
set. 

It is surprising what faulty conditions can be brought to 
light when we once go through our various departments in the 
manner covered in the paper. No one would deny the benefits 
that can be obtained from an incentive system of wage payment, 
and usually some bonus scheme can be evolved to cover both 
productive and non-productive workers. 

The writer has been able to obtain gratifying results under 
manufacturing conditions, similar to those described by the 
author by the creation of a contingent fund, consisting of a 
percentage of the premium earned by the productive workers 
during the month. This contingent fund provides for penalties 
in case of over runs on standards set, as well as work spoiled in 
the process of manufacture. It is at the end of the month 
divided on a predetermined basis, between department heads, 
non-productive and productive workers in the department. 

It is fortunate for the engineering profession that no given 
system can be applied to all of our diversified manufacturing 
systems, but by judicious application and some modification, 
almost any of the recognized incentive systems can be profitably 
employed and can be introduced without any appreciable friction 
from the workers. It is needless to say that the simplest possible 
system that will bring results is the most easily introduced, and 
that no system should be introduced before a thorough study 
of its possibilities has been made under given factory conditions. 
The introduction of a system, when once determined upon, can 
best be accomplished by a competent member of the organiza- 
tion, perhaps under outside supervision of an expert, if necessary. 
Most schemes that are working satisfactorily are usually the 
products of a continuous growth and application, and quite 
frequently systems are working that bear only a fundamental 
resemblance to the scheme originally installed. 


M. C. Rosensiatr.‘ Of the plan outlined by the author no 
criticism can be offered. This is to be expected, since the plan 
is backed up by many years of experience for these particular 
shops, and is the fruit of evolutionary processes where the good 
in previous plans has been retained and the bad discarded. The 
plan itself is accurate, commendable, and workable and should 
be increasingly successful if the principle behind it is funda- 
mental. Whereas the details of the plan respond completely 
to logical analysis, it is a matter entirely of opinion as to whether 
the principle behind it is correct and will withstand the ever- 
changing labor conscience. 

A wage incentive with the proper production control is made 
in order to increase the rate of production with the same facilities. 
It operates to create a greater profit for the invested interests. 
It does not, in itself, better the welfare of the operative any 
more than if the operative diverted his time when out of the 
shop to his own monetary profit, since he is giving more to 
production and quickly realizes this. If, by means of the wage 
incentive, overhead is decreased and, therefore, net profits 
increased and the wage incentive and a share of the extra earnings 
on the invested capital are linked together, then the best results 
will obtain. 

Wage incentives in themselves have a tendency to produce 
inferior work, unless the operative or group is instilled with the 
thought that such work cuts down the net profit and indirectly 
reacts against him or the group and all of the workers where 
they are also interested in the net earnings of the business. If 
there is a tendency to produce inferior materials, greater super- 
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vision and inspection become immediately necessary, with the 
attendant negating of the monetary gain expected. 

The rate at which work is turned out is a function of the 
operative’s own natural ability and disposition, the facilities 
at his disposal and, primarily, his mental and physical health. 
The operative sets his own pace for any particular task to which 
he is put. The wage incentive merely adds an artificial stimulus 
and does not correct any of the fundamental factors of rate. 
This added stimulus must take its toll somewhere, which may 
be either in inferior work, greater mental and physical fatigue 
with the attendant greater turnover, or in other fashions. 

The formality of bonus pay for the fast worker over a long 
period of time becomes commonplace and expected. He be- 
comes accustomed to the higher rate and overlooks the fact that 
he earns more because he produces more. He finds in time 
a need for the higher pay and conveys this idea to his associates 
who may, in themselves, belong to the group of slow or awk- 
ward workers. The reaction does not set in until there is a 
change of employment when a higher rate seems to be demanded 
and a new plan evolved. 

While the writer has no criticism to make of the plan so com- 
pletely analysed by the author, he is not entirely satisfied that 
such plans, per se, are the complete solution. Capital produces 
the only unearned increment. The producer-consumer wage 
earner pays himself. 


W. M. Passano. The writer has had some experience with 
a system of wage incentive, similar to the one described by the 
author, but in the printing industry. In principle, our system 
of standard times and wage incentive is the same as that in 
operation at Westinghouse, and has been in successful use for 
the past six years. The fact that printing is virtually a crafts- 
man’s industry, and in this way differs somewhat from a strictly 
manufacturing industry, may account for the fact that certain 
modifications of the methods described by the author have 
proved desirable in our business. 

The main point in which our experience has not agreed with 
the Westinghouse Company's experience is that we have found 
the group system not desirable, although in certain departments 
we have had to use it as a matter of necessity. It has shown 
itself unsatisfactory, from our standpoint, for the following 
reasons: First, the workers resent having a poor producer in 
the group. It has been said that when such is the case, the 
management should keep its hands off and the good producers 
will make it so hot for the poor producer that he will either 
have to get out or do better. Quite often, although it is im- 
possible for him to do better, other good reasons exist for keeping 
him in the group. He may be a versatile man who can be 
moved from one department to another as conditions demand, 
or he may be a very old and loyal employee. From the manage 
ment’s standpoint, these reasons will be sufficient to continue 
employing the poor producer, although the workers cannot 
see it this way. 

Second, we have found that the workers in a group go even 
to the point of resenting the management’s hiring inexperienced 
help. They point out that hiring experienced help, by paying 
higher wages, would make it unnecessary for them to spend 
time in teaching the inexperienced. 

Third, the chief disadvantage we have found with the group 
system is that by not keeping a record of the individual’s pro- 
duction, we lose a desirable control of the situation. We use 
the individual’s production record as a basis for increases in pay 
and laying off in dull seasons. This would have to be left 
to the foreman’s judgment if the record of the group were all 
that were known. 
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On the other hand we have felt keenly all the disadvantages 
of the individual incentive system which the author describes; 
but it has been our aim to attempt to devise ways of eliminating 
these weak points. The undesirable features of the individual 
incentive methods and the ways in which we have attempted 
to correct them may be listed as follows: 

1 When a productive worker is delayed for any reason, such 
as helping a fellow-worker, teaching a fellow-worker, lack of 
material, or anything beyond his control, he is permitted to 
note on the back of his time ticket the number of minutes that 
he has been delayed. Then this amount is deducted from the 
time taken to perform the operation. 

2 We too have experienced the condition of slighted work 
due to the men’s anxiety to make high records. Our system is 
to return all unsatisfactory work to the man who originally did 
it, and let him make it good without receiving any credit for 
the time so spent. Where this is not practical, a record is kept 
of the cost of correcting the poorly done work, and this cost is 
deducted from his bonus. 

3 Of course, it is impossible to have all jobs equally difficult 
or equally desirable, and if the men are left to their own re- 
sources, they will, naturally, fight shy of the short-takes and 
mean jobs. We have established the system of having the fore- 
man distribute the work among the men in an impartial way, so 
that each man gets a part of the fat and lean. 

t The author mentioned the advantage of a working fore- 
man with a small group. We have found it equally advantage- 
ous to have a working foreman in charge of a group of men who 
are individualiy rewarded for their production. 

5 We have established a method of obtaining standard unit 
costs with a minimum of clerical work, despite the fact that each 
man receives an incentive in proportion to this individual pro- 
ductivity. As our scheme may be interesting a brief description 
of it follows. 

Each man works on only one time ticket per day. On this 
ticket he lists the operations on which he works and the number 
of units that he produces. By detailed time study, we have 
determined a standard time for performing each of these opera- 
tions, and the clerk at the end of the day computes the standard 
time allowed for the work which he has done. The actual time, 
of course, is taken from the time ticket. The standard time 
divided by the actual time is the man’s efficiency. Similar 
records are kept for every one in the department, the average 
of which gives the efficiency of the department. 

To determine the unit cost of any operation, it is necessary 
simply to take the standard time for the operation, divide it 
by the efficiency of the department and multiply the quotient 
by the hour rate of the department. 

It is interesting to note that we do not attempt to keep separate 
time records on individual jobs or operations, but that we obtain 
standard unit costs, which are bound to be correct on the average. 

Although many have felt that it is impracticable to attempt 
to standardize a craftsman’s industry, we have found that 
rewarding the workers, in proportion to their production, has 
proved most profitable in the printing business. 


J. F. Marrern.¢ Many shops of much smaller size than the 
one described by the author are endeavoring to discover some 
means of setting time allowances whereby a man is assured of a 
little better rate of earning, provided he uses extra effort and gets 
out more work in a given time. There are just as many different 
means of arriving at this end as there are shops working on the 
problem. There are, no doubt, many shops in which time- 
allowance systems have been tried and subsequently have been 


‘General Superintendent, Elliott Company, Jeannette, Pa. 
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thrown out. If we were able to get definite data on the various 
reasons for failure of time allowance systems, we should very 
likely come back to the fundamental basis of all of these systems, 
and that is the method of setting the rate in an equitable manner 
and the stabilization of the rates in just as equitable a manner. 

The author states that standard time allowance is established 
on each operation or job. He describes the motions for checking 
the efficiency of each worker by means of the “fall-down card.” 
He subsequently handles the fall-down card clear through the 
organization until it gets back to the time-study file. The 
amount of work involved in handling this card would make a 
big impression on the small shop executives, in view of the number 
of persons involved. The amount of clerical work involved, 
the time of supervisory checking and comments, the final re- 
cording on the performance card all take time and money. 
This brings us to a question. 

Are any data available which will show the approximate cost 
in time and money, to set a standard time allowance for an 
operation, handle the time cards, make out a fall-down card, 
interview and check the worker for his side of the story, get the 
foreman’s comments, check up all the performance charts, check 
on the time-study foreman, refer to the general foreman, and 
then to the time-study department for comment and file? 

Another question along the same line, which ties up with the 
first question, is: What percentage, in the light of experience, 
of the total number of standard time allowances handled, would 
be estimated for “fall down?” 

These two questions are fundamental, and they are of vital 
importance to a shop executive who is looking for a means to 
increase his output per man and still trying to keep this man 
well paid and consequently happy. Not many organizations 
are as large as Westinghouse, and very few industries could 
support the overhead charges of such a system, particularly 
if the shop is engaged in irregular work of a jobbing nature. 
If the author can give us a general answer on these two questions, 
many of the executives in smaller shops will get an entirely 
different view of the possibilities or impossibilities of using 
similar systems in their own shops. 


J. G. Weaman.’? The plan proposed by the author is en- 
tirely consistent in most respects. On one point, however, the 
writer has a divergent point of view. 

It is apparent that the author does not approve of permitting 
foremen to have any direct financial interest in the effort earn- 
ings of the productive operators. However, he grants that the 
interest in increased production should be a common one. 
So many influences affect productive effort and earnings that to 
divorce the productive operators’ and foremen’s incentives or 
rewards for extra efforts would at once separate many other 
interests that must be common. 

Inherent higher productive operators’ earnings, where there 
is mutual or common incentive, leaves absolutely no doubt 
or question in the productive operators’ minds as to mutual 
integrity toward the common goal of each. Reciprocity be- 
comes a factor in every phase of departmental operating. 

The incentive plan, when mutual, wherein it is possible for the 
productive operators’ efforts and earnings to peak and the fore- 
man’s earnings to show no increase is rapidly bringing out in- 
creased attention to each and every phase affecting the produc- 
tive operator. 

To bear out this statement consider the foreman, assistants, 
and group leaders who find it to their direct monetary benefit 
to manage in their own spheres with the following factors to 
consider and improve: operators’ earnings, costs, source of 
supply, quantity and quality of supply, job rates and operators’ 
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rates, day work, waste, overtime, idle time, production schedules, 
time studies, methods and method changes, clerical work, truck- 
ing, and janitor labor; each of these directly affecting the fore- 
man’s earnings. Is it not plain that productive operators will 
get more intelligent service under a system of this nature? 
And is not this service insured when a foreman’s earnings are 
proportionate to the degree in which the service is rendered? 

In making the incentive common to productive operators 
and foremen we simply bond together all interests that should 
be common. And here mutual cooperation becomes con- 
spicuous because of the reward affecting every person. 

When productive efforts prove above normal and the individual 
productive or non-productive operator is paid in direct propor- 
tion on the same basis, the productive operator is quick to grasp 
and appreciate that he and the so-called non-productive operator 
or foreman and his assistants are incentively bound to a common 
goal. He sees non-productive labor at his service more than ever, 
all because of this service reward. And, further, his construc- 
tive demands become more numerous. For example, as fore- 
men, we may often allow some weakness in conveyors or other 
devices to be temporarily neglected. Now, if foremen and 
men are bound together by a common incentive plan, the men 
will not hesitate to call such matters to the foreman’s attention. 
They not only know that they have an absolute right to do so, 
but they know that it is to the mutual interest of the foreman 
and themselves that they do so. 

Under other plans need the foreman be so aggressively inter- 
ested in the operator when the reward of each is not common 
and interdependent? He should be, but is he? 

Base service rewards on anything you will—they inherently 
show where all interests must be vitally common and each de- 
pendent on the other, and impelled by an incentive that is a 
common one towards the common goal of livelihood. There- 
fore, how can it be possible to place in separate incentive spheres 
the productive operator and his foreman? 

Surely we would not be influenced sufficiently to divorce 
interests that should be common, by the remote possibility of 
the use of undesirable means to gain temporary advantages by 
a foreman or his productive operators. Unfortunate incidents 
of this nature are, as a rule, traceable to morale that has been 
warped by neglect of common sense or economic unbalancing 
from any cause. Has industry grown to its present size by the 
use of undesirable means to gain temporary advantages? Or 
has it grown by just the same impulse that started it—confidence 
in someone else? 

With our nation’s largest and most successful industries 
striving constantly to have their employees assume direct 
financial interest by any number of attractive plans to the extent 
of $450,000,000 in employee-stock ownership, the writer cannot 
believe that anything is jeopardized where foremen and operators 
are bound in common interest by a common incentive. 


Ray Fuaaa.* In the first part of the paper the author states 
that if a worker performs a task in the allowed time or less, he is 
paid for the time allowed at his standard-time rate, which is a 
certain percentage higher than his “hourly day” rate. This 
would indicate that when a worker does a job in less than the 
allowed time he gains in two ways. He is not only paid for more 
time than he really puts in on the job but he is also paid for this 
time at an advanced rate. This would mean that mistakes in 
setting standard times would be doubly disastrous, and since 
some mistakes are sure to occur it would be interesting to know 
how much trouble this causes. 


8 Professor of Mechanical Engineering, Agricultural and Me- 
chanical College of Texas, College Station, Texas. Mem. A.S.M.E. 


In order for a wage-incentive system to function to its best 
advantage, the worker must be given a guarantee that the 
standard time will not be cut for some definite period after it has 
been put in operation in the shop. If this policy is pursued 
in the case of the author’s system, the setting of the so-called 
“allowed times’? would have to be done with a degree of care 
that would make them exceedingly costly as well as slow to 
work out. From the description given of the methods used 
to determine ‘allowed-times,” it appears that the executives 
of the Westinghouse Company appreciate this weakness in 
this system and have employed such measures as are at hand 
to minimize its effect. In this connection, the author should 
tell us on what this percentage increase of the ‘‘standard-time 
rate’ over the worker’s “hourly day rate’’ is based, and about 
what this percentage amounts to in dollars and cents. He also 
should tell us if the Westinghouse Company guarantees that it 
will not cut a standard time for any given period after it has 
been put in use? 

Under the heading of reduced supervision the author points 
out that by applying this incentive system to a group of workers 
rather than to individuals, the amount of supervision necessary is 
lessened. The writer doubts this, for it has been his experience 
in handling groups that it is very difficult to get satisfactory 
group leaders. If it were possible to get group leaders who are 
willing to spend the extra time and effort that is required to 
manage a group, without any additional compensation other 
than a share in the additional earnings of the entire group, 
the author might be right. Again, a group of men is not curbed 
by conscience as is an individual. A group of men will do things 
to other groups and to their employer that the individuals com- 
posing the group would never think of doing as individuals 
In the light of these facts it would seem that really what happens 
in this case is not a lessening of the amount of supervision 
necessary, but rather a shifting of it to other shoulders. Could 
the author tell us just what trouble, if any, the company has had 
in procuring satisfactory group leaders? 

Under the heading “Simplifies Costing and Time Keeping.” 
the author states that under the group system the cost is com- 
puted from the average wage rate of the group multiplied by 
the total time allowed for the job. This probably would averag 
correctly over long periods of time, but on comparatively shor 
jobs or jobs on which a part of the men in the group worked, 
it would unquestionably lead to very serious error. Also i 
the case of “fall downs” and the like, this average could not hold. 
Is this system used generally on all jobs where this wage i- 
centive is used, or only on jobs where the entire group works 
on the job and the task is completed in the allowed time? 

There is no doubt but that this system does aid in the costing 
and time keeping as long as the entire group is employed on 4 
single job, but is likely to lead to complications under any othet 
set of conditions. With these facts in mind, it would seem tha 
this system is only usable in old established concerns where t? 
output is thoroughly standardized and large enough in volume 
to employ groups of workers in place of individuals. Ths 
system likely works well in the Westinghouse organizati! 
and for its needs it probably would be hard to improve it. Tle 
scheme used to induce the workers on the non-productive past”! 
to render better service accomplishes its purpose very creditab!) 
but it too could not be expected to function under differes' 
conditions. 

To judge a system of this character, without a knowledge 
the executives back of it, and of the factory conditions under 
which it works, is apt to be misleading. An inferior syst 
well managed will often give satisfactory results while an 
cellent system poorly handled may fail miserably. 
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This paper describes the scheduling system which has been worked 
out satisfactorily during the past two or three years in a brass mill. 
The object of this system is to give better service to customers, to 
reduce inventories, and to stabilizeemployment. The paper contains 
flow sheets of the operations involved and is illustrated by charts 
and tables showing the variations of flow of material and the mech- 
anism of control. The detailed procedures are outlined. The system 
accomplishes the following results: it enables careful prediction 
of the rate of production and means for planning it to meet current 
business; it enables prompt notification to the customers of the ex- 
pected date of shipment and insures the fulfilment of this promise; 
in keeping productive facilities elastic, it permits the control of 
semi-finished and finished stocks, the control and reduction of in- 
ventories, and an accurate determination of mill hours and number 
of employees, the whole stabilizing the production rate and ironing 
out the fluctuation in cost due to variation in the volume of orders. 


HIS discussion will be confined to that section of the Bridge- 

port Brass Company known as the Mill Products Division, 

which has to do with the manufacture of brass and copper 
sheet, rod, wire, and tube. 

These products are sold to the trade or delivered to the Fabri- 
cating Division of the company. The latter is the largest sin- 
gle customer of the Mill Products Division and for purposes of 
this paper will be considered as any other large customer. The 
sequence of manufacture is generally as follows: 


FiLow or MATERIALS 


Copper, zinc, and brass scrap are the principal raw materials 
used. (See Fig. 1.°) With the exception of certain copper shapes 
purchased outside, these materials are weighed out in the mix- 
ture department to produce the various mixtures and are then 
placed in metal boxes, each containing approximately 220 Ib. 
These boxes are check weighed and delivered to the casting shop 
by conveyor where they are placed on the charging floor by over- 
head traveling crane. In the casting shop the materials are 
melted in induction electric furnaces and the contents poured 
into molds of various shapes. These molds produce tube 
shells, round billets, and flat bars in various sizes and lengths 
up to 6 ft. long. Tubes are produced either by cold drawing 
direct from tube shells or by first hot piercing round billets and 
then cold drawing. The number of cold draws necessary runs 
from & minimum of two to a maximum of twelve. Annealing, 
pickling, pointing, and sawing operations are required between 
draws. Rod and wire are produced by first hot extruding round 
billets, hot rolling round billets or cold rolling flat bars, and then 
cold drawing to the finish size. From one to seven cold draws 
are necessary with annealing, pickling, and pointing between 
draws. Sheet is produced by cold rolling flat bars or first hot 
rolling flat bars and then cold rolling to finish gage. From 
three to nine cold roliings are necessary with annealing and pick- 
ling between rollings. 

The finished products are made in a large variety of mixtures, 
sizes, and degrees of hardness or softness. Because of this great 
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Production Control in a Wrought-Brass Mill 


By W. R. CLARK! anp ARTHUR BREWER,? BRIDGEPORT, CONN. 


variety it is impossible to stock a great amount of finished ma- 
terial, except in the standard rod sizes used in screw machines 
and the standard brass-pipe sizes used in the building trades. 
Semi-finished stocks are maintained at various points, however, 
to facilitate quick delivery of finished product. 

The major problem consists of maintaining a rapid and even 
flow through the mills of the materials required. It requires 
the maintenance of an active semi-finished stock at certain points 
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in the manufacture from which various sizes and tempers can 
be finished. It necessitates the grouping of smal! orders calling 
for similar sizes and materials into larger lots for more efficient 
manufacture. Production and shipment of each order must be 
accomplished at the time specified. 

Normal capacities for a normal working week of 50 hours 
have been worked out for the various groups of equipment. 
Variations in the working week and the number of employees 
are predetermined, based upon the condition of the order balance 
and the sales department’s estimates of forthcoming business. 


OrpDER BALANCE 


When an order is received by the sales department it is given 
a place in the production schedule and the customer is notified 
when the order will be shipped. As this acknowledgment must 
be made promptly, it should be made by the sales department. 
The shipping date must be accurately set, so that the mill can 
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accurately fulfil the promise made. To insure this the sales 
department must be governed by definite limitations. 

About the middle of each month representatives of the mill 
and the sales department meet to set a production schedule 
for the following month. Just prior to the first of the month 
they again meet to discuss modifications in the schedule, if neces- 
sary. 

In order that the rate of production shall be properly set, curves 
are kept showing the order balances (see Fig. 2). These order 
balances consist of (a) blanket orders, namely, orders—size and 
date of delivery to be specified later—covering a customer’s 


the metal market, or coverage on his contracts; (b) inactive 
orders, namely, those specified for delivery within a period greate? 
than 30 days; and (c) active orders, namely, those required 
within 30 days. These curves show the metal obligations and 
regulate the purchase of raw materials. 


Orpvers RECEIVED 


Curves are kept showing the current receipt of orders and 
their relation to the production schedule (see Fig. 3). As the 
rate of receipt of orders varies greatly, week by week, a four 
week moving average also is plotted in order to smooth ov 
these violent fluctuations. These curves, with information 
ceived from the salesmen in the field, after due rationalizatio 
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form the basis of estimates of the probable incoming business 
in the immediate future. They also give a very clear picture 
of past experience. 


FInIsHep Stock 


Curves are kept showing the condition of finished stocks and 
their relation to shipments and production. (See Fig.4.) Where 
possible, the production of stock is used to compensate for the 
yariation in production of active orders, thereby stabilizing 
mill operation. 

INVENTORIES 

Curves are kept showing the condition of the inventories. 
(See Fig. 5.) These curves are cumulative: (a) mill process 
inventory plus (b) castings on hand plus (c) semi-finished stocks 
plus (d) finished stocks plus (e) raw material. Maximum and 


minimum allowable inventories are set monthly by formula, 
depending on the production schedule. These curves with the 
production schedules form a basis for the setting of the require- 


ments for raw materials. 


PropuctIon SCHEDULE 


The product of each mill is divided into groups, such as con- 
denser tubes, heater tubes, pipe, and miscellaneous—the latter 
being divided into five sub-groups, depending on size and gage. 
A production schedule is then made up for each group based on 
the order balance, anticipated new orders, and desired change 
in finished stocks. The combination of the groups gives the total 
mill schedule. (See Fig. 6.) The production schedule combined 
with changes in semi-finished stocks and process inventory gives 
the net metal requirement. This metal requirement combined 
with the expected scrap to be made in process gives the gross 
mill requirement. The normal mill hours for the month divided 
into the production schedule gives the production schedule per 
normal mill hour, indicating the labor-hour requirement for the 
month. 

A summary of all the mills gives the total anticipated new 
orders, changes in finished stocks, production schedule, etc. 
The net metal requirement combined with the desired change 
in the metal-room inventory gives the total net metal require- 
ment. The gross mill requirement is divided into outside pur- 
chases and castings to be made in the casting shop. The weigh- 
out then is indicated to produce these castings. The total net 
metal requirement is broken down to show the amount of each 
raw material required to produce the adopted schedule. 

From this detail of the net raw-material requirement the pur- 
chasing agent can accurately purchase or specify delivery on 
contracts in accordance with the exact amount of each raw ma- 
terial required. Thus, by insuring that we have only the neces- 
sary raw materials on hand and controlling the process and stock 
inventories, the total inventory may be kept to a minimum, 
thereby producing the maximum metal turnover. 


OrDER AND PropuctTion REPORT 


Should the rate of incoming orders change suddenly, these 
production schedules can be immediately revised. A weekly 
order and production report is made, showing the relation be- 
tween the monthly sales budget, anticipated new orders, and 
actual rate of receipt of orders. (See Fig. 7.) These figures 
give an immediate indication of a desirable change in schedule. 
The orders received to date and the production to date are ac- 
cumulative for the month. A comparison of the monthly pro- 
duction rate and the monthly production schedule gives an indi- 
cation of how well the mill is living up to the schedule adopted. 


Tue Monrsty ScHEepULE 
The monthly schedule is divided into periods of a week’s dura- 
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tion. A Kardex Rand Chaindex pocket is made out for each 
group and period. As each order is received it is transcribed 
on to a production-order form and a Chaindex Card is made 
out in triplicate and placed in the correct pocket for the period 
in which shipment is to be made. (See Fig.8.) Identical Chain- 
dex files are kept in the sales department, the production office, 
and the mill superintendents’ offices. 


CONDENSER TUBE 
PRODUCTION SCHEDULE 100,000; 80% = 8Q000 
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Fic. 8 CHAINDEX ScHEDULE RECORDS 


Some groups require more time than others to produce after 


the receipt of order. Therefore, schedules are closed one, two, 
three, or four weeks, as the case may be, before the shipping 
date. Schedules are also closed when the total amount allo- 
cated to any group and period reaches 80 per cent of the pro- 
duction schedule. This 20 per cent reserved capacity is kept 
open for such hurry orders as may afterward be received and 
to allow flexibility in mill operations. 


A card placed on the back of the preceding pocket carries 


the accumulated total scheduled to date. This gives at all times 
the open capacity or the over schedule as the case may be. 


After a schedule is closed the sales department may add only 


such orders as the mill production office can accept with a cer- 
tainty of delivery. Special promises to better previous sched- 
uled dates are made only after the mill production office has 
made a special investigation to insure fulfilment of the promise 
given, without jeopardizing delivery of orders already scheduled. 


As the various orders are produced the Chaindex cards are 


ach 

R8371 RB406 20 900 
. John . Brown 
34 x-065 34 x 12-0 
R8377 000 R6411 1000 
Fichard Roe White 
x.040 18-6 34x-065 
1B OOO 8426 5000 
_ Jones . Blank P 
RBS92 15000 = 
Smith 
1x 
Condenser Tube JUNE WK 
Heater Tube JUNE WK 
Pip JUNE WK 
Miscel. Tube JUNE Wh 
Miso Tube D UNE WK 
onden Pubs JUNE wr OAi 
Heater Tube JUNE wre 
Pip JUNE wre | 
_Miscel. Tube A JUNE Wt | 
lisc Pube B JUNE wrk Yi 

age 

active 

zreater 

quired 

ns and 

rs and f 

As the 

th out 
Te 


ade 


24 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


stamped “inspected” or ‘‘packed” if shipment cannot be made 
immediately and “partial’’ or “shipped” if sent. At the end 
of the period all cards for filled orders are removed and dis- 
carded and cards for orders not shipped complete are placed in 
a pocket marked ‘carry over.’”’ Carry-over orders not produced 
become the most important items for the following period. 

This Chaindex record gives at all times a complete picture of 
when each old order is scheduled, how completely each schedule 
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Fic. 9 OPERATION CHART 


is filled, and where each new order can be placed in the schedule. 

The record of the finished stock on hand is kept on stock cards 
placed in similar pockets. The drawers containing the sched- 
ules and stock records are kept in a cabinet on the desk of each 
schedule clerk in the mill production office. By their use he 
can answer promptly almost any question that may be asked. 


OPERATION CHART 


Material is processed through the mill and shipped on the 
production-order form made out upon receipt of the order. A 
schedule clerk in the mill production office arranges for the cast- 
ings to be made. He has the castings delivered with the pro- 
duction order to the mill superintendent, who is responsible for 
making shipment as scheduled. 

The following of the orders through the rod and wire mill 
and the sheet mill is a comparatively simple matter. In these 
mills the material started on one production order is rarely trans- 
ferred to any other production order. Thus, the different or- 
ders follow each other through the various operations to the 
finish. Only one dimension is changed in each cycle, i.e., diam- 
eter or thickness producing greater length. Due to the ease 
of coiling rod, wire, and sheet, the original casting is rarely cut 
into a number of pieces until finished. 

Conditions in the tube mill, however, are quite different. (See 
Fig. 9.) Two dimensions are changed in each cycle, i.e., diam- 
eter and thickness and the ratio of these two changes must be 


kept within rather narrow limits. As the tube cannot be coiled, 
it must be cut into a number of shorter pieces as it elongates. 
This cutting usually occurs every second cycle. Tubing is 
usually ordered in a definite diameter, thickness, and length and 
therefore a definite weight per piece. The original casting 
rarely cuts to the desired weight without having a piece left 
over. Therefore, the material in each original casting must 
usually be applied on two or more orders to avoid undue scrap. 
Short pieces are held in salvage stock, which may later be drawn 
down to fill small orders when the opportunity arises. Great 
care must always be exercised not to allow this salvage stock to 
become excessive. Only careful and efficient planning can keep 
the scrap and salvage at a minimum and at the same time make 
shipment on all orders as scheduled and keep all machines and 
men supplied with work at all times. 

This planning must of necessity be done by the superintend- 
ent of the tube mill and his assistants. As the production or- 
ders are received by him they are classified as to mixture and 
size of casting required. The schedule dates of the orders in 
each group must be watched and in due time material must be 
started. Material is usually started in 30,000-ib. lots, or six 
crane loads, each crane load carrying a work ticket bearing its 
lot and load number. 

When a lot reaches the cut-in saw the sawyer is given a cut- 
in ticket telling him how many pieces to cut on each order and 
the weight of each piece Work tickets are given him to carry 
each crane load through to the finish. These work tickets give 
each subsequent operation, so that each operator in turn knows 
what he is to do when he gets the load. Each subsequent cutting 
is a control station and the sawyer must insure that every load 
in the lot originally cut-in is accounted for. He is given the 
original cut-in ticket to know what to expect. In case of un- 
due loss through breakage or other cause he must see that more 
material is cut-in so that it may be rushed through and delay 
on the complete shipment avoided. 

The crux of the whole procedure is the proper laying out of 
the cut-in so that undue scrap or salvage does not result, and 
the control stations at the subsequent cuttings to insure that 
no load or material is lost or delayed in its progress through the 
mill. Due care must also be exercised to see that each order 
is started in time to reach the packing room by the scheduled 
date of shipment. 


CONCLUSIONS 


A careful prediction of the rate of production necessary to 
meet current business has accomplished the following: 

1 Prompt notifications to the customer of the expected date 
of shipment and the fulfilment of this promise, thereby giving 
the customer accurate information. 

2 Keeping the productive facilities elastic, thereby making 
delivery as near as practicable to the date desired by the customer. 

3 Control of semi-finished and finished stocks, thereby mak- 
ing quick delivery possible when necessary. 

4 Insurance that the productive capacity is not oversold, 
thereby avoiding dissatisfaction through delayed deliveries. 

5 Keeping the sales manager informed on open productive 
capacities, thereby tending to keep production to a maximum 
in all lines. 

6 Control of inventories and the acquisition of only the 
necessary raw materials, thereby reducing inventory and 0 
creasing metal turnover. 

7 Accurately predetermining the mill hours and number of 
employees, thereby stabilizing labor requirements and reducing 
labor turnover. 

8 Stabilizing production rate, thereby reducing the man 
facturing cost. 
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Discussion 


Ss. P. Jounston.‘ Our problem in manufacturing aluminum 
bar and rod products is evidently very similar to the author’s 
problem in connection with brass. We have, located at Massena, 
N. Y., a new unit whose sole function is the production of com- 
mercial rod of the type used in the screw-machine trade, ete. 
This unit is relatively new, having been put into operation within 
the past few months. Up until that time we operated on a 
rather small scale, as the demand was relatively light. There 
was no great attempt or real necessity at the time for a compli- 
cated system of production control on such a small scale, where 
a few people in direct charge were able to handle the mill. 

The production has increased, however, so that we now are 
interested in putting into operation a system of production 
control very similar to that described by the author. Our 
plants are rather widely separated from our main office. At 
the Massena works we have a representative of the sales depart- 
ment, whose function is to maintain a control between the de- 
mand and mill supply. Orders are sent to the mill as received 
through the various sales offices, and the schedules are made 
up at the mill. We schedule on a weekly basis, and an attempt 
is now being made to evaluate our capacity in various classes 
of production, so that we may plan to put on schedules approxi- 
mately 80 per cent of our active capacity and reserve the balance 
for rush orders. 

At the present time the schedule of our capacity is somewhat 
in excess of the demand, so that orders are placed on the mill 
schedule almost immediately. We maintain in the mill itself 
a planning section which receives schedules from the main plan- 
ning division and 1s responsible for getting them out. We use 
a “Lot Ticket” scheme, whereby as the orders are received in 
the mill, the various operations are listed by the planning de- 
partment, written up on a “Lot Ticket,’”’ and dispatched to the 
various operations, 

We maintain control stations where weights and various di- 
mensions are checked. We do not maintain any stock of finished 
rod at the mill other than a small amount of standard sizes which 
accumulate due to the overages in production. At the present 
time, however, we are building up a warehousing scheme which 
we hope will go along way toward stabilizing production in the 
mills. Warehouses are being set up at various points through- 
out the country, and the demand at present indicates that cer- 
tain standard sizes can best be carried in warehouse stock. 

At the present time we deliver from the mill, on average-size 
lots, in from three to four weeks. We have had difficulty in 
the past in meeting delivery promises, but at the present time 
we meet approximately 90 per cent of our promises. 


Wituiam Kusunick.’ The writer's company employs only 
about 300 people. The control system in use has worked dur- 
ing the last six months to a 95 per cent fulfilment of promises 
made. Promises are made by the week in about 50 per cent 
of the orders, and to the day in the balance. If a customer 
specifies to the day, an effort is made to deliver on the day de- 
sired. Our usual estimates of delivery are from two to three 
weeks for a manufactured order. About 60 per cent of our orders 
are filled out of stock within 48 hours. 

In the setting of the production program, the sales depart- 
ment is not consulted. The sales department knows very little 
as to what quantity of sizes and styles it is really going to sell 
during a season. We have been able to assist the sales depart- 
ment by an analysis of our past shipments and by a study of 
business conditions that directly or generally affect us. In 


. U.S. Aluminum Co., Massena, N. Y. 
American Metal Cap Co., 2 Summit St., Brooklyn, N. Y. 
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this way, the production department has in a sense set the quota 
for the sales. 

As for the operation of the control system, the production 
manager has studied the capacities of the various departments 
and the units in those departments. He knows from the charts 
and records just where each department and unit stands in the 
amount of work ahead. Accordingly when an additional order 
is placed he makes the necessary additions to his records and sets 
the production schedule for it. Each department is scheduled 
by specific dates. Each unit in the department is scheduled 
about a week in advance. From the hourly and daily reports 
the production manager is able to follow the schedules and see 
that promises are kept. 


Huco Dremer.* The writer has visited many plants in re- 
cent years, and has gone over their methods of production con- 
trol. The outstanding point, that all of us have to learn from 
this paper is that control of production with a minimum of in- 
vestment in inventories is today not a thing to be worked to- 
ward, but a thing that is actually being practiced. Program- 
ming, planning of material, plans of operation, predetermina- 
tion of work assignments, and all these other factors and statistics 
make this work much simpler than it was years ago. Further, 
the production budget, financial budget, and sales quota are 
practical and have far more close coordination than ever before. 


W. R. Cuark.’ F. H. Calhoun, production control mana- 
ger of the Goodyear Tire & Rubber Company, presented a 
paper at the Rochester meeting which contained several things 
that could have been embodied in the present paper. The thing 
of interest was that a rubber industry had worked out a schedul- 
ing system which, in many respects, could have been taken 
bodily and put into a brass mill. Mr. Calhoun said, in effect, 
that the various functions essential to production control include 
ordering and control of productive materials, the issuance of 
schedules, the dispatching of materials through the different 
processes, the stocking of raw and finished materials, and trans- 
portation and shipping. The function of the production-con- 
trol department at the present time begins with the ordering 
of the materials required in the production of the various prod- 
ucts manufactured. A yearly estimate is developed by the 
sales department, which outlines the probable requirements 
for each product manufactured by the company. This esti- 
mate is revised monthly to meet changing conditions in sales 
demands. Occasionally sales increases or decreases on certain 
products may largely exceed previous plans. The factory de- 
cides whether the tentative program is possible. The produc- 
tion-control division regulates the inventory on all productive 
materials. From the above tentative production schedule, 
a purchasing budget of materials is prepared. 

Every one of those statements could be put bodily into the 
present paper, covering the control we are using in a brass mill 
today. It is very interesting that the rubber industry so closely 
parallels our efforts on a material which is manufactured in a 
somewhat different way. 

In the rubber industry the process is a semi-continuous proc- 
ess. Most material started in process at the beginning of the 
week is finished before the end of the week. In the manufac- 
ture of brass, however, frequently materials are in process two, 
three, and four weeks, because in some cases there are hundreds 
of operations performed, particularly on smaller sizes. A large 
number of alloys are used. There are a large number of rolling 
or drawing operations, a large number of heat treatments, all 


6 LaSalle Extension University, Chicago, Ill. Mem. A.S.M.E. 
7General Works Manager, Bridgeport Brass Co., Bridgeport, 
Conn. Mem. A.S.M.E. 
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of which take time. There are a great many varieties of hard- 
ness or softness also, and all of these present a wide variety in 
the sizes, gages, widths, and lengths, a multitudinous amount 
of detail which makes proper scheduling control in the factory 
extremely difficult. 


R. E. Fuanpers.* The writer’s company manufacturers 
four or five different machine tools, and monthly determines 
how many units a week it shall build of those products. The 
rough-stock inventory, the size of the lots of work in process, 
and the finished-parts inventory are all determined on these 
standing orders, based on the output per week that has been 
set for that monthly period. 

Every three months we go over the predetermined cycle or 
orders for parts in the shop. At some predetermined date in 
each three-month period an order is written out and put into 
the shop for each particular part in that program. That part 
may go into one, two, three, four, or five of the various machines 
we manufacture. It may go into one once, in others twice, and 
in others not at all. In any event, the number of pieces that 
are going to be required for the rate of production set at that 
time is determined quite definitely. 

When the time comes to put orders for the parts into the shop, 
the stock clerk who makes out the order goes to the stockroom 
and counts the number of pieces in the bins. For the given 
rate of production on all machines manufactured there should 
be a certain number of pieces in the bins at that time. If there 
is more than that number of pieces, the amount of the shop 
order is decreased by the amount of excess. If less, the shop 
order is increased by the amount of the deficit. The lot of work 
goes through the shop, is finished at the predetermined time, 
and goes into the bin. 

The number of parts that should have been in the bin when 
the count is made is such that when the new lot arrives in the 
bin it should find a half-lot in reserve waiting for it. In other 
words, we carry half of a three months’ supply as a permanent 
margin. That reserve runs up and down with the predeter- 
mined schedule. We depend on the half-lot in reserve to enable 
us to change the rate of production at any time without having 
to wait for the three months’ schedule to run its course and come 
around again. 

Our rejections are expected to occur before they get to the 
stockroom, not afterward. The half-lot is a sort of safety 
valve for contingencies. In the same way, the purchasing 
agent is supposed to keep in reserve a half-lot of raw materials. 
This includes castings, for instance, or a half-lot supply of bar 
stock and similar materials, so that there always is a reservoir 
of a half-lot to take care of spoilages, sudden increases in pro- 
duction, etc. We thus are free to take care of emergencies, and 
also to change the schedule within limits at any time and still 
run the shop on standing orders. 

Not a piece of paper passes between the production office 
and the purchasing department or the stock clerk, other than the 
monthly statement of the number and kind of machines we are 
to build per week. We have done away with stock records, and 
we run on standing orders instead of making a special case of 
every item of production in the shop. 

This plan has proved exceedingly successful with a small 
volume of production, when difficulties would be most apt to 
appear. We live in the hope of applying it before long to a 
much larger volume. 


*Jones & Lamson Machine Co., Springfield, Vt. Mem. 
A.S.M.E. 


Davip B. Porter.’ One of the problems mentioned by the 
author is the coordination of sales with production. We have 
found that there is no coordination whatsoever until a sales 
schedule is finally worked out in harmony with the mill’s capacity 
to produce. After the schedule is made, it can be charted hy 
means of a Gantt chart. The sales department then can watch 
by means of this chart the exact progress of manufacturing; 
and furthermore, the amounts of orders for the different lines 
of goods are clearly visible on this chart. 

In a certain case when we first drew up the chart, some lines 
were oversold half a year ahead, and other lines were not sold 
more than a few weeks ahead, showing a very unfavorable con- 
dition. The charts were blueprinted weekly and sent to the 
sales department, where they were used to direct sales in aceord- 
ance with the schedules shown. 


ArtHur Brewer. Mr. Johnston and Mr. Kushnick both 
spoke of the method of promising deliveries within a particular 
week and on a specific day. We use both methods. If the cus- 
tomer does not specifically request a date, we promise to the week. 
We call it a “schedule promise.”” When he particularly asks 
what day the goods will be shipped, we give the day, which we 
call a “firm promise.” These are handled with a little more 
follow-up than the “schedule promises.” 

In regard to the percentage of kept promises, our “schedule 
promises” are*fulfilled between 90 and 95 per cent. Our “firm 
promises” are probably kept to nearly 99 per cent. I just last 
week authorized the expenditure of a sum of money to give the 
mill foremen a dinner. Two mills had just had a competition. 
The foremen of the mill first to go ten weeks without a broken 
promise were to have a dinner. One mill had gone 21 weeks 
and the other had gone 15 weeks. They went so far beyond 
the goal set that we gave them both a dinner. 

Mr. Kushnick also said that they did not consult the sales 


department in making up schedules. We did not use to do this. 
We used to make the schedule up in the production office, but 
I was convinced that it could be improved. The production 


men are usually pessimistic with regard to the ability of the sales 
department to secure orders, while on the other hand the sales 
department is very optimistic. I believe the best way is to get 
your optimists and pessimists together and discuss the question. 
Then, I think, you can strike a closer, truer production schedule 
than when you allow either one or the other to set it. 

Papers have been delivered this morning in regard to the 
matter of setting budgets and how they can be controlled. We 
have had budgets for a good many years. In regard to the sales 
budget, the tendency has been with the sales department to 


say when business is poor, “What are we going to do—there 
aren’t any orders?” but when business is good—‘‘Aha, see us! 
See how we bring in orders,” and then hound the production 


department to get them out. By getting together to discuss 
the matter the sales department has realized much more inti- 
mately the necessity of getting orders for certain lines to make 
a well-rounded-out production and to keep each unit producing. 
Of course, business conditions control this more or less, but they 
can do something to help out under all conditions. 

I am glad to hear the various statements in regard to the 
use of Gantt charts. We have not used many charts in con- 
nection with the sales department, because our men have been 
educated to read figures rather than charts. We have found 
that we can get our idea across better by the use of figures than 
we could by the use of charts. 


® New York University, New York. Mem. A.S.M.E. 
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Some Essential Principles for Budgetary 
Control 


By HAROLD VINTON COES,' CHICAGO, ILL. 


This paper presents in condensed form many of the essential prin- 
ciples for the application of budgeting to a business and the effective 
means for control. Some of the means for securing budgetary con- 
trol are shown in charts and statements of the following: (/) 
fundamental operating relationships, (2) comparative results of 
operation for different sales volumes, (3) manufacturing expense 
budget, (4) indirect labor control, (5) sales and production co- 
ordination, (6) sales quota, (7) department quota, (8) comparison 
of operating ratios. 


HIS paper is presented with the idea of endeavoring to 
reduce to as few words as possible many of the essential 
principles for the application of budgeting to a business, 

and the effective means for control. 


Coordinated Intelligence 

Utilize those methods that will combine effectively the co- 
ordinated intelligence of the entire organization behind a pre- 
determined plan. 
Analysis 


Analyze past operations, past performance, past expenditures, 
sales, etc. in fact all those phases of the business that it is pro- 


posed to budget. 
Synthesis 

Build up from the facts developed by analysis the trends and 
tendencies of the past. 
Judgment 

By rational judgment ascertain and isolate those factors that 
will influence the course of the business in the future. 


Initial Control 


Ascertain the places where control can be most effectively 
obtained initially in the method, procedure, recording, and per- 
formance. 


Operating Ratios 


There is no uniform set of standard ratios expressing the 
various fundamental relationships between expenses and sales, 
manufacturing expense and cost of sales, ete. These must be 


determined for each individual business from the study of past - 


records, and then checked against such ratios for the industry 
or important units in the industry as can be obtained. The 
application of these previously determined ratios then to the 
various items of expense in various divisions of the business will 
constitute the budgeted expense items. 


Relationship of Phases in Business 


Develop the fundamental relationship between the various 
phases of the business, such as ratio of manufacturing expense 
to net production, to net sales, distribution expense to net sales, 
and the like. 


' Vice-President and General Manager, Belden Manufacturing 
AS ne Vice-President and Chairman of Finance Committee, 
An contributed by the Management Division and presented at the 
et Meeting, New York, December 5 to 8, 1927, of THE AMERICAN 

CIETY OF MECHANICAL ENGINEERS. For discussion see p. 10. 


Adequate Accounting 

A prerequisite to successful budgeting is adequate accounting 
and statistical records, for budgeting is dependent upon all the 
recorded data of regular routine wherein past performance may be 
determined and future possibilities outlined. 


Organization 

Realign the duties of the organization so that duties and func- 
tions are logically grouped. 
Corelationship of Activities 


Budgetary control correlates the activities of the various func- 
tions of the business through executive control to prevent over, 
undue, or lack of emphasis on some important phase of the 
business. 


FUNDAMENTAL OPERATING RELATIONSHIPS 


YEAR 
1922 1923 1924 1925 1926 Max. or Min., 
Ratio Per cent per cent 
Cost of Sales 
“Net Gales” woee TOS 75 
Mfg. Expense (Burden) 
Net Production - 29.4 24.0 26.8 26.1 23.5 22 
Mfg. Expense 
Net Sales 24.5 22.0 24.3 24.7 20.2 20 
N iz 
00.1 68.0 61.9 99.8 98.9 35 
Net Production 
ay a 30.1 32.0 31.0 29.9 29.2 26 
Direct Material 
37.5 35.2 37.2 38.5 39.1 35 
ee 23.4 22.8 20.9 21.7 22.0 20 
Net Sales 
Indirect Labor 
“Direct Labor 47.0 46.5 46.1 45.8 45.2 40 
Finished-Goods Inventory 
Net Sales 10.8 10.4 10.1 10.5 10.0 10 
—NeSae  cC"""" 24.3 24.0 23.8 24.2 23.0 20 
Fixed Expense o7 = 
Total Mis. Expenee"**' 28.1 28.3 27.9 27.2 27.5 25 
Working Capital 
Net Sales . 35.1 34.8 35.5 34.2 33.1 30 
Gross Profit P an 
NetSale 21.1 20.9 21.9 22.2 19.9 25 
Selling Expense 
~~ 10.9 11.0 11.4 12.2 12.5 11 
Net Profit 
Net Sales 4.3 4.7 6.1 3.9 5 
The Budget and Executives 


The budget can in no way replace skilful executives, but in 
their hands it is an exceedingly useful tool for modern manage- 
ment. 


Flexible Standards 

The expression of results for the various phases of the business, 
for the departments, subdivisions, etc. should be in such terms 
that they are suitable to the various elements, yet flexible enough 
to permit ready adjustment to ever-changing conditions. 
Determination of Standards 

Carry the analysis far enough back over a sufficient period 


so that the law of averages, the swings or cycles, trends and 
tendencies can be fully developed; correct for those influences 
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COMPARATIVE RESULTS OF OPERATIONS FOR DIFFERENT SALES VOLUMES! 


0 


te 


tore 


Sales, in thousands of dollars............... 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 =1800 1900 2000 
——Per cent- - 
Sales . .. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 10 
Materials... .. 40.3 39.4 38.5 37.8 37.2 36.7 36.7 36.7 36.7 36.7 36.7 36.4 36.1 35.8 35.5 35 
Direct labor...... . 28.0 27.5 27.0 26.5 26.0 25.5 25.5 25.5 25.5 25.5 25.5 25.0 24.5 24.0 23.5 23% 
General factory expense . 20.0 19.0 18.0 17.0 16.5 16.0 15.5 15.0 14.5 14.0 13.5 13. 13.0 13.0 13.0 13 
Cost of sales........ oe . 88.3 85.9 83.5 81.3 79.7 78.2 77.7 77.2 76.7 76.2 75.7 74.4 73.6 72.8 72.0 71 
Gross profit on sales : . 11.7 14.1 16.5 18.7 20.3 21.8 22.3 22.8 23.3 23.8 24.3 25.6 26.4 27.2 28.0 28 
Selling expenses .... H 8.0  & 7.5 7.3 7ie 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6 
Selling profit . ‘ , 3.7 6.4 9.0 11.4 13.2 14.8 15.4 16.0 16.6 17.2 17.8 19.2 20.1 21.0 21.9 22 
Administrative meee 10.0 9.0 8.0 7.0 6.5 6.0 5.9 6.8 5.7 5.6 5.5 5.4 5.0 5.0 5.0 5 
Operating profit..... ‘ 6.3? 2.67 1.0 44 6.7 88 9.5 10.2 10.9 11.6 12.3 13.8 15.1 16.0 16.9 17 


1 By Bigelow Kent Willard & Co. #? Loss, 
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% Actual Expense to Budget Expense | 


MANUFACTURING-EXPENSE SCHEDULE! 


201 Factory Supervision 228 Allowances 250 Unassignable Frt.-Exp. 301 Rearrangement of Equip. 
202 Foreman & Assistants 229 Idle Time 260 Employees’ Service 303 Traveling Expenses 

203 Inspectors 230 Devélopment Engineering 270 Accident Compensation 305 Garage 

210 Clerical Labor 231 Plant Engineering 281 Defective Workmanship 306 Shop Electric Plant 

211 Cost & Payroll Dept. 241 Fuel Consumed—Gas 282 Defective Workmanship Cr, 307 Instruction of Apprentices 
212 Production Dept. 242 Water 283 Other Losses Due to Errors 308 ——— Testing 

213 Employment 243 Lubricants 291 Purchasing Dept. Expe 

220 Other Labor 244 Non-Durable Small Tools 292 Stores—Rec. Department 309 ote P Manufacturing 

221 293 Finished Stock Department 


226 
227 


aa. Watchmen & Elev. 245 Factory Office Supplies 
2 


achine Set-Up 
Overtime— Bonus 


46 Miscellaneous Shop Supplies 
247 Steam 


294 Shipping Department 
295 Labeling Department 
96 Rewind Department 


1 Two similar preceding forms care for items 201-314 as listed above. 


310 | Expense 

311 Foreign Spoot Expense 

312 Laboratory 

313 Inter-Plant Ex 

314 Assn. Dues an Memberships 


SALES AND PRODUCTION—COMPARISON FOR INVENTORY CONTROL AS OF APRIL 30, 1927 


Est. Net. Total Inventory Inventory Mayl, Net Net 
net Net sales In stock May 1 inventory Max. gain quota value of production roduction 
Products or sales sales for one at point or Apr. 30 at — orders for April pril, 1926, 
lines of | for for April selling this loss selling on at selling at selling 
merchandise No. May April last year wa Specials Prices year in month prices books prices prices 
(All figures in thousands of dollars) Total for High Month......... 
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Net 
duction 
il, 1926, 
selling 
rices 


that were purely accidental, so that representative standards 
may be developed. 


Segregation of Costs 
Segregate all items of expense or cost into three groups: 


1 Fixed or non-variable 

2 Semi or partially variable 

3 Full variable. 
Break-Even Point 

Develop the break-even points (points at which no profit or 

loss is sustained) for the expenses as budgeted for the various 
departments, and the corresponding volume of sales per class 
of product. 


Production Capacities 

Regardless of sales volume, determine the production capacity 
of the plant and break this down by departments, by sections, 
in well-balanced relationships. Determine it also by classes 
of product. 


Relationship Between Productive Capacity and Sales Volume 


Through the market surveys determine the minimum volume 
at those price levels that the market will take up, which will 
absorb the greatest proportion of potential productive capacity. 


Product Demand 


Budgeting is again dependent upon a knowledge and relation- 
ship between: 


a Demand for the given product and demand for the 
product of the entire industry 
» Demand for the individual product and its relationship 
to the demand for similar articles similarly marketed 
c The purchasing power for which the demand can be 
sustained. 
Budget Period 
Cover the longest period with the minimum business hazard. 
Usually the period can be the longest for those businesses having 
the least hazard, and must be shortened as the business hazard 


increases. Its determination is fundamental and is largely 
contingent upon several factors, such as: 


a The business risk 

b The stability of the market 

c The method of financing, production and inventories 
d The schedule period of production 
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e The duration of the reporting and accounting period 

f The adequacy of statistical information as to past per- 
formance and transactions 

g The merchandising inventory turnover period 

h_ The seasonal or periodical demands and fluctuations. 


Revision of Budget 
Budgets should be checked, compared, and revised monthly. 
Control of Expense 


Control can be obtained by frequent comparisons—not less 
than once a month—between actual and budgeted expenses, 
the budget of course adjusted for the legitimate expansion or 
contraction in sales volume or production that has occurred 
contrary to the predetermined budget for the period. 

Limits 

The budgets as adopted constitute the standards of perform- 
ance for the period determined, and establish limits for the ex- 
penditures of each division and section of the business, but should 
not be exceeded without permission from the properly constituted 
authority. 


Forecasts 

Forecast all those expenditures, be they capital outlays or 
expense items, that it is proposed to control by budgets, or that 
will affect the phase or phases of the business to be controlled 
by budget procedure. 


Preparation of and Responsibility for Budget Estimates 

The source of information should be from the logical divisions 
of the business, and the responsibility for the origin and accuracy 
should be lodged with those charged with the responsibility for 
the performance of the aforesaid divisions or sections thereof. 


The Sales Estimate or Forecast 
This is based upon information from three sources: 


1 The amount and character of previous sales—analyzed 

2 The present and future market conditions, the trade 
situation—market analysis 

3 The executive plans. policies, and administrative expense 
of the business. 


Balancing of Production and Sales Demand 


Proper sales forecasting coupled with adequate inventory con- 
trol permits the application of the principle of balancing pro- 
duction with sales demand. 


O O O 


EXPENSES FOR ACCOUNT No. DEPARTMENT 
POSITION POSITION POSITION POSITION POSITION 


=z MONTHLY COST BELOW BUDGET: DIRECT EX 


INDIRECT EX. TOTAL EX 


MONTH JAN res. MARCH APRIL May JUNE 


aus ocr. NOV. TOTAL 


OMmECT ex 


INDIRECT ax 


Tora. 


PROD 


Inprrect Lasor ConTROL 


35.2 
13.2 
71.2 
28.8 
6.0 
22.8 
5.0 
17.8 
1 
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| 
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SALES QUOTA MONTHLY REPORT 
DEPARTMENT|JAN. FEB. MAR. APR. MAY JUNE JULY AUG, SEPT. OCT. NOV. DEC. TO-DATE | QUOTA 
A 
A 
2 
B 
A 
B 
A 
4 
A 
5 
A 
6 
B 
A 
7 
B 
A 
fe) 
B 
A 
SS 
10 
A 
12 
A 
13 
A 
14 
IF THE BONUS WAS ON A MONTHLY — 
A*YOUR SHIPMENTS — INSTEAD OF A YEARLY BASIS YOU WOULD SCORE DATE... 
B= TOTAL DEPT. SHIPMENTS POINTS AND BE....HIGH MAN 


Sales Expense Budget 
It is aimed to secure proper relationship and control of: 
Direct sales expense 
General sales expense 
Advertising 
Branch-house expense 
Sales promotion 
Foreign sales expense 
Warehouse and shipping expense. 


a 
b 
d 
e 
g 


Undue emphasis is frequently placed on some one or two o 
these items to the detriment of the others, and to the busine# 
as a whole. Advertising and sales promotion are frequent o 
fenders. A properly prepared and considered budget will re 
veal these facts, show which are out of balance, and perm 
bringing the several items into balance. 

Production Budget 

The breaking down of the sales estimate by the Productio! 

Department permits the determination of the productio® 
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ae 
| 
| 
| 
| 
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— DEPARTMENT QUOTA MONTHLY REPORT 
DEPARTMENT |JAN.| FEB. | MAR. | APR. | MAY | JUNE | JULY] AUG. | SEPT./ OCT. | NOV. | DEC. 
70,004 240,000| 370,000 | 490,000 | 615,000| 735,000 |812,000] 932 000 | 3/2000 | 1442 000 ‘ 
| SS 
JAN.| FEB| MAR.| APR.| MAY SEPT.| OCT. | NOV. | 
2 5,000 25.000 000 | [38 1000461000 | 557.000 | 657,000 | 752.000 | 837,000 
Jan.| FEB. | MAR.[APR.| MAY AUG. | sept. | OCT. | NOV. | DEC. 
65,000 |/35,000 | 20.000 |775 $40,000 5/2000 | 597.000 | 662,000 | 162,000 | 832000 
JAN. | FEB. | MAR. | APR.| MAY OCT. | NOV. | DEC. 
4 1$000 | 50,000 | 50.000 65,000} 80,000} 000 60000 | 180.000 | 200,000 4 
JAN.|FEB.| MAR. | APR. | MAY |JUNEJULY|AUG.| SEPT. | OCT. | NOV. | DEC) 
5 20,000 }40.000 | 70,000 | 90,000 15,000 | 135 00065000) 195,000 | 225000 | 250000 \7,000) 
JAN. | FEB] MAR.| APR] MAY OCT. NOV. | DEC. 
6 30,000 | MG | 177000 | 3271000 | 370.000 
— 
JAN. /FEB./MAR| APR. | MAY | JUNE [JULY] AUG. | Sept.| ocr. | Nov. | DEC. 
7 2.000 |20,000 000 | 60.000 | | 100.000 a00|135.000 | 16.000 | 184,000 | 20/900 | 271000 
JAN. | FEB] MAR] APR.| May JUREMULY | AUG./SEPT.| OCT. NOV. DEC. 
8 50.000 | 5.000) 17.000 | 40 00090 000} 260.000 530,000 380.000 
- 
JAM. [FES | MAR. [APR] MAY [JUNELJULY [AUG.| SEPT. | OCT. | Nov. | DEC. 
9 22.000 | 42000 79.000 |96, 500 500/28 S00\47. 500) /70500 | 199500 | 226.000 | 251,000 
—— a 
JAN.| FEB| MAR|APR| MAY Lune | AUG. | SEPT. OCT. NOV. DEC. 
10 6,500 | S00 5700 | M2 187.500 237.500 287,500 
JAM. | FEB. | MAR. | APR. | MAY | Sept. | ocT. | Nov. | DEC. 
/$000 | 32.000 | 48,000 \63000 | 129.500 | 149500 | 169500 | 186 500 
AN 
I 
JAN. | FEB. APR. oct. | Nov. | DEC. 
12 23,000 | 38.000 |48,000| 58.000 73.00 1/3000 | 128.000 | 138.000 
JAN. [FEB.| MAR. APR. | MAY [uUNE AUG. | SEPT. OCT. | NOV. | DEC. 
13 $000 1$000 | 4,000 | 47000 | | 57.000 
— 
JAN. | FEB. | MAR | APR.| MAY | JUNE | JULY] AUG | SEPT] OCT. | NOV | DEC. 
14 4000 |8,000 |/3.000 |/2000 |22,000| 22000 |38500 143500 141500] 5.500 
JAN. | FEB.| MAR. | APR.| MAY [JUNE | JuLy | AuG.[ sept] oct. | Nov. | DEC. 
15 440.500 |848 000) 297 500 079 000)2 448 004 2.734 2/5. 008, 5029 500 | 5549000 
TOTALS 
two of ee 1927 
usinest 
ent of- — in total, except for goods made to special order. Or- This may show that: 
will re narily it is impractical to budget in advance special order 
permit production per se. a Sales forecast exceeds present productive capacity under Eg 
_ The principle of scheduling is then used to insure production normal operation i, 
in sufficient quantity at the proper time to satisfy the estimated b Sales forecast is less than present productive capacity a 
duction sales demand, which is predicated upon: under normal operation oa 
duction @ Operation analysis—from specifications of product c Sales forecast approximates present eapacity under i 
b Schedule of productive equipment with capacity per unit. normal capacity, : 
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and will necessitate reconciliation of either one or the other, de- 
pending upon the financial program. 

This brings in inventory control, since it is usually impossible 
to so accurately forecast sales demand and schedule production 
as to have the two so synchronized as to accurately meet sales 
demand. 

Excessive production beyond immediate sales demand runs 
up the inventory and ties up working capital. Inadequate 
production causes poor service to customers and lost sales, and 
consequently lost income. Hence adequate inventory control 
is of prime importance. 


Balanced Inventory 


Properly apportioned and balanced inventories are then a 
prerequisite to satisfactory budget operation, and these are 
brought about by adequate and comprehensive budgetary control. 


various classes of product. By then stating the dollar volume 
in the sales estimates, adjusting for cost of sales, and applying 
the labor ratios, a fairly approximate labor budget can be set up. 

By using similar ratios for the relationship of direct to in- 
direct labor, the indirect labor budget can be similarly prepared. 


Manufacturing-Expense Budget 


Where centralized production and standardized goods for 
stock are not the rule, probably the most practical method of 
dealing with the manufacturing expense is by the application 
of the principle of standard overhead or burden rates. Here a 
reserve is set up and over-absorption of burden during peak or 
overnormal operations is credited to the reserve, and during 
dull seasons, when operating at less than normal capacity, the 
deficiency is debited from the reserve, the whole being set so 
as to balance out for the year’s operation. 


MONTHLY COMPARISON OF OPERATING RATIOS 


RATIO JAN.| FEB. | MAR.| APR. 


MAY |JUNE|JULY | AUG./SEPT.} OCT. | NOV.} DEC. 


Net Sales Billed #o 
Quota 


Cumulative 


Distribution Expense 
to Buager 


Cumulative 


Administrative Expense 
to Buaget 


Cumulative 


General Expense to 
Expense absorbed 


Cumulative 


Nanutacturing Expense 
to Buaget 


Cumulative 


Manufacturing Expense 
to Expense Absorbed 


Cumulative 


Factory Operating 
Capacity to Norma! 


Cum lative 


Material Budget 


Since the principle of balance of stores is applied satisfactorily 
for the finished goods inventory control, the same principle can 
be applied to balance of stores records for raw material. 


Labor Budget 

This is the most difficult budget to prepare, particularly where 
goods made to order are a large proportion of the total production, 
since operations and combination of operations vary over wide 
ranges. The principle of standardized operations is applied, 
and where this is done one hundred per cent the preparation of 
the labor budget ceases to be a difficult matter. 

Frequently an approximate control can be obtained by using 
predetermined ratios of direct labor cost in the cost of sales of 


For control purposes the actual expenses should be compared, 
not only with the normal budget but also with the normal budget 
adjusted to what it would be for the actual capacity operations. 
Under these conditions control can be effectively obtained. 


Plant and Equipment Budget 


This is to prevent: 


1 Overexpansion 
2 Force careful considerations of capital layouts 
3 Preserve proper relationship between retirements, 
replacements, maintenance, and depreciation reserves 
a Repairs charged to current expense—standard 
maintenance and standard maintenance 
budget 


lume 
ying 
t up. 
in- 
ared, 


for 
of 
ation 
cre a 
ik or 
uring 
, the 


Pt so 


vared, 
udget 
tions. 


nents, 
‘ves 
ndard 


nance 


MANAGEMENT MAN-50-5a 35 


b Betterments (improvements) and additions are Financial Budget 


set up in the capital budget. 
This budget would then show: 


This is set up for the correlation of income and expenditures: 


a An estimate of cash requirements, predicated upon the 


1 The estimated cost of new equipment installed and in programs as set forth in the preceding budets 


place 


b Estimate of cash receipts. This is predicated upon: 


2 The depreciation and anticipated repairs on new equip- 1 A relationship of sales to collections 


ment 


2 Other sources 


3 The depreciation and anticipated repairs on present 3 Bank loans—with program therefor. 


equipment. 


General and Administrative Expense Budgets 


These to cover such broad classifications as: 


c An estimate of cash disbursements: 


1 Material purchases (accounts payable) 
2 Factory payroll 


O 


Salaries: 


SCHEDULE____ L¢ 
DEPARTMENT 
ADMINISTRATION EXPENSES. MONTH 192___ 
acct THIs LasT CUMULATIVE CUMULATIVE 
No MONTH MONTH ACTUAL BUDGET 


el Officers-Dept. Heads 
23 Clerical Employees 
2 Treasury Dept. 
2 Gen'l. 
4 Other E pens 

Lt. Ht. Exec. “offices 


ffice Equip,Rep & Repl. 
34 Traveling & Entertainment 
36-37 Wel. & Telg. Expenses 


38 Btat'y.-Orfice Supplies 
9 Ponations 
1 Pepreciation 
43 [Legal -Consulting 
45-47 (Other Expenses 


TOTAL 
NON-DEPT'L. EXPENSE 


149 Disc. Exp on Bond Issue 
150 Accrual against Poss.Loss) 
152-1 Trane. 
1 ehouse enses 
TOT 
MISCELLANEOUS INCOME 
161 [Interest on Notes-A/C Rec} 
162 Miscellaneous 
165 eturn on Investment 
1 chase Discount 
165 Belden 8pool Profit 
TOTAL 
CHARGES TO INCOME 
171 Interest on Notes Pay. 


nterest on A/C Pay. 
on + 

es Discoun 
TOTAL 


a Executive 
b Service or auxiliary departments 
Financial 


d Non-departmental or corporate expense, 
and these are predicated upon: 


| A proper main classification logical for the organization 


as set up 
9 


for their origin and supervision 


3 Sufficient sub-classifications to enable detection of results of operation, show what the effect has been of the indi- 
variations and permit the focusing of responsibility. vidual budgets and quotas on the operation of the business as 


* The incidence of these expenses and the responsibility 


ADMINISTRATION-EXPENSE SCHEDULE 


Factory overhead expense (manufacturing expense) ¥ 
Distribution expense (sales expense) a 
General and administrative expense (executive) 

Non-departmental (corporate) 

Capital account (new equipment, plant, etc.). 


The Forecast Balance Sheet 


1 Assets and liabilities 
2 Profit and loss. 


NO 


These two statements, then, when compared with the actual 


= 
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| 
147 korporere Taxes 
148 Patent Expenses 
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a whole, and where these have fallen below or exceeded actually 
the predetermined balance sheet and profit-and-loss statement. 

From this master budget and individual budgets the executives 
can then determine why the predetermined programs fail to be 
realized and can apply the corrective measures required to bring 
them in balance. This may result in revisions of many of the 
individual budgets to bring this about. 


Reports 
Suitable reports should be set up giving estimated forecasts 
of predetermined budgets compared with actual results: 


These reports showing the comparison between the estimated 
or forecast performance are taken as standard, and the actus! 
performance renders it possible for the executives responsil)|e 
to enforce the budget and keep operations correlated and jy 
balance. 

They also serve to show what plans must be made for the 
future for financing, for production, for sales expansion or cur. 
tailment and the future plant requirements. 

Some of the means for securing budgetary control are shown 
in the accompanying statements and charts: 

1 Fundamental operating relationships 


O O 


O O 


51 Officers-Dept. Heads 
53 Advertising 
54-57 Selling Force,Sales Reo 
Terr. Correspondents 
59 Stenographers 
60-61 Sales Engr. 
Clerical Employees 
Foreign 
69 Credits & Collections 
70-71 Billing & Distr.Aocctg. 
73-76 fraveling & Entertainment 


77-78 felephone & Telegraph 

79 Postage 

81 Btat'y. & Office Supplies 

64 Office Rep & Repl. 
peneral Advertising 
ge-99 adio Advertising 


Matalogues General 

Datalogues Automotive 

atalogues Electrical 

atalogues Radio 

106 Bales ‘ommissions 

107 Losses due ro Errors 

Pollections Fees 
oreign Sales Expense 

Bamples 

Depreciation 


fhér Expenses 
bfereland Branch 


101R-103R0 


DISTRIBUTION EXPENSES, 
aries: 


DISTRIBUTION-EXPENSE SCHEDULE 


including production, sales and inventories 
Manufacturing expense 


Sales expense 
General and administrative expense 
Balance sheet 

10 Income statement 

11 Operating-ratio comparisons 

12 Maintenance control. 


AR OH 
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Showing relationship between production and inventory, 


Comparative results of operation 
Manufacturing-expense budget 
Indirect labor control 

Sales and production coordination 
Sales quota 

Department quota 

Comparison of operating ratios. 

Nore: For some of the material for this paper the author ws 
to acknowledge his indebtedness to “Budgetary Control,” by J.‘ 
McKinsey, “Organization and Budgetary Control in Manufacturine 
by Fordham and Tingley, ‘Financial Handbook,” by R. H. Mo 
gomery, ““Management’s Handbook,” by L. P. Alford, 
ing Industries, Industrial Management, and the American Mn 
ment Association. 
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Budgetary Control 


By J. P. JORDAN,' NEW YORK, N. Y. 


In the influence held by a chief executive over the mentalities of his 
subordinates, whereby he secures from them the greatest possible pro- 
ducing effort, lies the real secret of his success. Many executives 
hold this influence by sheer personality. Others hold it by a 
combination of personality and the careful selection and pro- 
vision of carious schemes whereby the subordinates themselves are 
more or less automatically spurred on in their efforts. 

It is a well-recognized fact that we are a nation of aggressive people; 
that we take business chances as a matter of course. The wide- 
spread interest in sports—golf, baseball, football, tennis, boxing, 
polo, etc.—is evidence of the sporting angles of the average American 
mind: the apparent evidence of a desire either to indulge in or to be- 
come interested in a game. 

Budgetary control supplies to every one in any kind of a business 
institution a species of a game. The setting of quotas of perform- 
ance and budgets of expense brings out a cool and calculating 
thought of the future and what it should yield. The daily watching 
of the current transactions becomes as fully absorbing as the watching 
of the electric score board of a World's Series game. A par has been 
set and must be beaten. 

The psychological effect of budgetary control is its greatest asset, 
and in this feature alone it takes its place as perhaps the most oalu- 
able of all more or less mechanical management aids. 


HE type of management which pays strict regard to psycho- 

logical effects in controlling the various operations of a busi- 

ness institution is almost invariably successful. While it is 
often said that since the war, management has been obliged to 
control in a manner different from that which obtained before 
the war, it is probably a fact that the most outstanding cases 
of successful management before the war were those which em- 
ployed exactly the same methods as are successful today. Since 
the war, management in general has been forced to give far 
greater consideration to the human factors of business than 
before. 

We have heard a great deal about ‘‘Golden Rule” management, 
cooperative management, committee management, legislative 
management, and all such types which have been more or less suc- 
cessful. If one would analyze the various-named types of man- 
agement which have been used, it is believed that the final con- 
clusion would be that the outstanding successes have been those 
where careful psychological analyses became the guide of the 
executives who composed the successfully managed business, 
rather than some specific form of management. It is somewhat 
immaterial as to the exact methods used in applying to a generous 
degree the results of careful consideration of the psychology of 
each situation. At no time in industrial history has it ever 
failed to be clearly apparent that an organization conducted with 
due regard for the upbuilding of the various key men in the 
organization is the true method of building a safe, stable, and 
permanent industrial structure. The prime consideration in the 
upbuilding of an aggressive and successful organization is a 
leadership which permits nothing but absolute fair play to every 
one in the organization, and which further permits nothing but 
absolute cooperation between the various departments of the 
business, firmly and effectively coordinated by a chief executive 

‘Consulting Industrial Engineer, Stevenson, Harrison & Jordan. 
Mem. A.S.M.E. 

Contributed by the Management Division and presented at the 
Annual Meeting, New York, December 5 to 8, 1927, of Tue AMERI- 
CAN Sociery oF MECHANICAL ENGINEERS. 
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whose whole endeavor is to build up every responsible individual 
in every possible way, thereby automatically elevating the office 
of chief executive to a plane much higher than otherwise could be 
accomplished. 


Too Few Executives Srupy THE PsycHoLoGcicaL or 
ORGANIZATION PROCEDURES AND PERSONNEL PROBLEMS 


Too few executives study the psychological factors which enter 
into their organization procedures and into the personnel prob- 
lems which are ever present in both large and small organizations. 
Too few executives realize that every human being, no matter 
whether in a high position or a low one, takes an intense pride in 
his work, provided his scope of responsibility is so clearly defined 
that it can be regarded by each individual in a very personal way. 

It is exactly this feature which is the basic consideration of 
bonus incentives, profit-sharing schemes, and all other such plans 
to bring out a greater personal interest on the part of each in- 
divicual participating. A worker at a machine does not think 
half as much of the additional bonus which he makes in his pay 
envelope as he does of meeting and beating a fixed standard 
time. Not long ago the author was told that during the pre- 
liminary stages of the installation of a bonus plan, and before 
the workers, or even the foremen, knew what was coming, a gang 
boss in a foundry became so enthusiastic over meeting and beating 
the standard times set for the various tasks of his gang that he 
nearly got into trouble with his men on account of driving them 
so hard to make a record. Needless to say, when the bonus 
scheme was announced this enthusiasm not only kept up but it 
increased to a very remarkable degree, with the result that his 
particular gang achieved some very wonderful records of per- 
formance. The secret in the instance just recalled proved to be 
what is usuaily found in the majority of cases, namely, that the 
psychological effect of making a game out of every-day work has 
in itself a tremendous measure of merit, even without promise 
of extra financial reward. 

Budgetary control is a mechanism which should be thoroughly 
understood before it is employed by any management. If an 
executive who has little use or consideration for psychological 
effects should think that the installation of a mechanism such as 
budgetary control will, in itself, produce any great results, 
he had better stop before he starts. It is in such cases as these 
where we should find a constant stream of complaint if, and when, 
the actual results differ to some extent from the budgeted expec- 
tations. In these cases, budgetary control becomes simply a 
guess, and a questionable allocation of actual results against the 
guess. Mountains of complaint will pile up to the effect that 
some one was a poor guesser, or else that the accounting depart- 
ment is incompetent because it does not properly allocate actual 
results against a more or less misguided set of guesses. 

All executives who fail to appreciate that budgetary control 
has its greatest value in its psychological effects on the organiza- 
tion as a whole, are absolutely lacking in one of the greatest 
essentials of successful management. This not only applies to 
budgetary control but to any other mechanism for the assistance 
of management in the proper conduct of business. 


Tue GREAT PsYcHOLOGICAL VALUE OF BUDGETARY CONTROL 


If we consider briefly some of the high spots in setting up a 
budget, we may obtain a clearer idea as to the great psychological 
value of budgetary control. In every industrial or commercial 
institution the forecasting of future operations depends primarily 
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on general economic and market conditions. This means that 
the sales department—that department whose ear is on the 
ground at all times for future business—must make up its mind 
to two things: first, as to what it considers the possibilities of 
business will be for a certain period ahead, and second, as to 
what portion of the available business it feels it can secure. This 
is usually built up starting with the salesmen, who are far-flung 
in the field and who understand their own local conditions; then 
through branch offices where the various salesmen’s figures are 
combined into the branch expectations; and from there to the 
main office where the expected business is assembled into one 
group by classes of product, and even units, if possible. This 
final assembly will become the quota section of the budget, and 
as these quotas have been carefully looked over and checked, it is 
quite reasonable to suppose that every individual in the sales 
department subscribing to these quotas is prepared to fight to the 
last ditch to produce the business which he has conservatively 
stated is possible of accomplishment. Does this not have a most 
powerful psychological effect on every member of the sales force? 

These quotas then become the basis of the manufacturing opera- 
tions. The raw-material requirements are arrived at by break- 
ing down the various specifications of the product required. 
This gives the purchasing department its cue for the procure- 
ment of materials. The manufacturing department computes 
the force which it needs to produce this business after taking into 
consideration stocks on hand and delivery requirements. It can 
arrange its schedules to best advantage for the speed of opera- 
tion indicated by the quotas submitted. 

Should the manufacturing department, on account of its cost 
of production, feel that the quotas as furnished are not in line 
with best practices of manufacturing, it can submit to the 
management its thoughts in this direction, and the sales de- 
partment can be approached as to what means can be taken to 
obtain a larger quota should the original one be too modest. 
The purchasing department likewise may call attention to the 
fact that the quantities specified cannot be purchased to best 
advantage, and the management must therefore decide with the 
purchasing department upon whatever relief may be thought best. 

When all of these figures are assembled into a general budget, 
the controller's or budget department will be able to set up the 
general results and show a very complete picture of what would 
happen if the business operated on the basis of the quotas as 
originally set up by the sales department. A forecast profit and 
loss would be set up, and the treasurer’s department, likewise, 
could see what funds would be required, how the accounts re- 
ceivable would accrue, and what the financial state of the busi- 
ness would be at any time during the budgeted period. 

The object of these brief references to the high spots of budget- 
ing is simply to bring out the fact that every key man in the organi- 
zation is required to visualize the future, to go through the moves 
of anticipated transactions before they have been begun, and to 
live through a specified period of future operations to such an ex- 
tent that he will become thoroughly imbued with the necessity of 
making good on the figures which have been set up in the budget. 
The effect on the mind of each key man is tremendous. He 
assumes personal responsibility which otherwise could not 
possibly be assumed, and very few men today will shrink from 
assuming this responsibility when they are given the opportunity. 
If this does not involve psychology, then the author knows noth- 
ing that does. 

When the budgeted period begins, the greatest psychological 
value of budgeting begins to become apparent. Watching the 
score of a World’s Series game becomes child’s play as compared 
to watching the score of actual results as they are set up against 
carefully budgeted expectations. In the case of the World’s 
Series game, a cigar or a new hat may be at stake; in the case 


of the business game there are stakes of different kinds to be won 
or lost: first, the stake of accuracy of judgment of business and 
market conditions; second, the accuracy of judgment as to what 
the selling organization is capable of securing; and third, the 
accuracy of judgment as to how much it will cost to secure this 
business. It is a matter of pride to those charged with the duty 
of setting up the budget to make good and to beat the quota for 
quantity of business or the budget of expense as originally set up 

In the manufacturing, purchasing, treasurer’s, and all other 
departments the same principles are involved.” If the manufac- 
turing department starts out on a schedule and is supposed to 
reach certain costs, it is the greatest game in the world to mak: 
good and beat the objectives which have been set up. If raw 
materials have been budgeted at a certain figure, the purchasing 
department will use every effort to beat these budgeted figures 
If the treasurer's department think it will be necessary to borrow 
some money, they will strain every nerve to push forward their 
collections in order that the amount to be borrowed shall be less 
than that budgeted. In fact, throughout the entire organization 
the humdrum routine of every-day business becomes a live and 
interesting game, and a game of intense seriousness. 

Now, go a step further and supplement a well-organized budge- 
tary control by a scheme of bonus incentive whereby all in- 
dividuals concerned can profit individually if the expected 
figures are equaled or beaten. The class of men occupying the 
higher positions, and even lower than the higher positions, will 
respond to the stimulus of budgetary control even if no incen- 
tives are provided. It seems to be a natural instinct in every 
American to want to play a game or to become interested in games 
which are played. No people in the world support to such an 
extent the -various sports as do Americans. The number of 
persons who listened to the radio account of a certain boxing 
match a short time ago probably ran into the millions, and judg- 
ing from the reports that some of the auditors dropped dead 
from excitement, there must be a tremendous influence exerted 
by our great American games. 

Any management which allows the every-day transactions of 
business to drift into a humdrum and tiresome routine is guilty 
of mismanagement in the higher degree. Budgetary control 
is not a fancy mechanism to be indulged in by the business con- 
noisseur or method fancier. It is a live and breathing mechanism 
which brings into play the vision, imagination, action, and whole- 
souled interest of every individual in an organization who is 
privileged to become involved in any way with its operation. 


Discussion? 


H. L. Freeman.* An estimate is nothing more than a budget 
that gives in considerable detail the final figures that go into the 
general budget. This estimate is prepared by comparison with 
previous costs and with the information available at the time. 
The budget, of course, is intended to cover a year’s work, and 
generally without revisions. 

The design and construction of the separate jobs covered by 
the budget take place throughout the following year. An 
appropriation made from the budget estimate for a particular 
job based on preliminary information will not correspond to the 
latest requirements. That, of course, is one difficulty in fore- 
casting some months ahead. 

Another difficulty is that the executives, in looking over these 


2 The papers by Messrs. Jordan and Coes were presented together, 
and, the ensuing discussion applied to both papers. In the course of 
the discussion many questions were asked and answered at the time 
by the authors. These answers are incorporated in the closures, 
without being separately presented in the discussion. 

3 Cost Engineer, Dixie Construction Co., Alabama Power Bldg., 
Birmingham, Alabama. Mem. A.S.M.E. 
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budget items, generally have some self-satisfaction in cutting 
down the totals—presumably to save the company money. 
But when the actual costs are obtained, they more closely ap- 
proximate the original estimates than the budget’s revised figures. 

lhe men who do the work in the field know these facts, and the 
psychological effect of the budget as being a goal is defeated. 
They feel from the start that it is impossible to meet the amounts 
appropriated, and so go along and do the best they can. In the 
case of a public-utility company, bonds ean be issued for what 
the construction work costs, so it is a question whether or not 
the construction man has saved any money. This is one place 
where budgetary control does not necessarily produce reduced 


costs, 


C. E. Wacer.* The writer cannot agree with Mr. Freeman 
that it makes no difference whether or not the construction man 
estimates accurately, due to the opportunity of the public- 
utility company to finance capital requirements by the issue 
or bonds or other securities to the public. We must recognize 
that the cost of capital before long will be at a point where from 
a competitive standpoint we cannot afford to waste money 
in unusual and unwarranted expenditures. We must keep plant 
accounts down, and begin to trim interest charges as well as 
operating expenses. 

Another thing that might be commented on is the statement 
to the effect that the central office apparently has a habit of 
reducing the estimates from the field. That is a very dangerous 
and unprofitable proceeding. It certainly will result in the 
conditions mentioned. In our own organization we always 
leave the estimate of the man who has the responsibility of turn- 
ing out work stand as he submits it. He is responsible for the 
completion of the work as he estimates it. 

In the matter of tolerance, particularly on construction ex- 
penditures, two different viewpoints may be taken. Assuming 
that we have a large project to be financed in advance, in ar- 
ranging for the bond issue or other securities, as the case may be, 
it is well to permit the engineer to include an item for contingen- 
cies, so that the final actual cost will not exceed the estimated 
cost. We all know from experience that certain items will 
occur during the period of construction work which cannot be 
foreseen when the original budget is made. In laying out the 
financial plans in advance, contingencies must be provided for. 
In our own organization we weigh the original estimate, and if 
it is found expedient to include an item for contingencies, it is 
understood that no commitment will be made against the con- 
tingeney item without definite authority in advance by the en- 
gineer and executives in charge of the operation. The per- 
centage to be allowed on a fairly large project for contingencies 
depends entirely upon the engineer. One large plant had an 
item of 15 per cent for unforeseen contingencies. It is not 
specifically in the budget, but was fixed by the experience of 
the engineer. On all smaller jobs, contingency tolerances are 
left out of the estimate entirely, and variations plus and minus 
are permitted to stand without question. If the home office 
requires further explanation, it depends upon the nature of the 
requisition and the amount of the requisition. If a turbine is 
being repaired, for instance, the requisition might be overrun, and 
an explanation would be called for as to what had to be done. 


C. H. Bigetow.. The question has been brought out a good 
many times that estimates for the budgets come from engineers 
primarily, and it is a fact that the engineers are not always able 
‘0 get costs on which to base the estimates. In the writer's 


‘ Discussion submitted bore no address.—Eprror. 
*Plant Engr., Spicer Manufacturing Corp., S. Plainfield, N. J. 
Mem. A.S.M.E. 
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experience it has been a hard job to get costs for making an 
estimate. The hardest work of all is to get unit costs. Audi- 
tors should take that into consideration and give the engineers 
more with which to work. 


FRANK L. SWEETSER.® Some one has asked if there is a differ- 
ence between “budget’’ and “estimate,” inferring that estimate 
refers to a particular job, while budget covers the business as a 
whole. This question of name is an interesting one. In the 
accounting field we have been trying to get some standardization. 
Estimates, and normals, and standards, and budgets are getting 
closer and closer to the same meaning all the time. The subject 
of budget control is a broad one, which cannot be limited by any 
name. An estimate in one case may mean a particular job, 
and in another case it may mean something entirely different. 
While data, statistics, and such things must be available, never- 
theless the human element is the most important. Are you 
thinking about your problems, and are you having your or- 
ganization think about them? Are they thinking about them in 
terms of the future? Looking into the past to get comparisons 
will avail but little. The leaders in industry are not comparing 
last year at all. They are comparing something else, namely, 
what is to be. 


H. V. Cogs. It is quite astonishing to note the speed and 
the acceleration with which budgeting is carried out once the 
organization is, sold, on the plan. And one of the reasons why 
budgetary control is not sold to the organization in so many 
cases is again a psychological matter. It is because the budget 
is so frequently handed down from the top, and the men are told 
to “do this and do that.”” Most men like to set their own goals 
in their own way. They like to attain those goals by their own 
methods provided they do not run counter to the general rules. 
The game of business cannot be properly played if some one 
proceeds one way and someone else a different way. 

There are a number of fundamental rules and regulations 
which must be understood by all. The principal job is to make 
real budgetary regulation a game. It can be so made. 

With reference to tolerances in budgeting, there is in the paper 
a chart of manufacturing expense. At the bottom of this chart 
is an item “Budget Correction for Variation in Productive 
Labor.”’ In other words, we cannot in our business say in 
March, 1928, “The product from that plant and productive 
labor required to produce that product will be, for example, 
$54,000 for the month,”’ because we are not making automobiles. 
Fifty per cent of the product is made to order for some one else. 
When we set up a budget, we set it up on what we term a normal 
period, which is the result of statistical studies covering a period 
of years. We correct the budget from the final figures which 
come in for the month as compared with the actual, and in the 
meantime our people all know that the management will permit, 
informally, a reasonable variation in the budget. No percentage 
figures are set for the variation, because in some cases a fixed 
percentage would be an amount of money that would be ridicu- 
lous. In other cases it might not be adequate to cover the situa- 
tion, where one budget item might be badly out of line. We do 
not have set tolerances, but we do recognize the principle of 
tolerance. The factors that are taken into consideration are: 
the sales rate, the classes of merchandise or product, and the 
productive labor. The question has been raised as to reserves 
for extraordinary maintenance, as for machine breakdowns, which 
might occur only once in several years. We attempt to budget 
maintenance expenses and we have been fairly successful with it. 
But we have extraordinary expenses which cannot be predicted. 
Those charges are pulled out of the regular budget, and treated 


6 President, American Management Association, New York, N. Y. 
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as extraordinary expenses. If the item is to be prorated over a 
period of years, we carry only the prorated portion in the budget 
and the balance as a deferred charge. 


J. P. Jonpan. One of the purposes of the paper was to stress 
the psychological effect of budgeting in an organization. To be 
sure, we must have more or less mechanism to carry it out. We 
must know how to work a budget to a very considerable degree. 
In the last analysis, however, that is the least part of it; all the 
mechanism in the world will fail if it does not carry through to 
embrace the actual, whole-hearted interest of every one in the 
organization. 

Look back over the successes in business, and the failures in 
business, and analyze the reason for successes and failures. If 
you can get at the facts in any case, you will find out that the 
success or the failure was in direct ratio to the attention paid by 
the management to psychology: that is, to the attention paid 
by the management in man-building, in impressing every one in 
the work with the enormous responsibility attached to each and 
every job, whether it is the president of the company, or the office 
boy delivering mail at regular intervals around the office. 

Budgetary control came into existence not long ago. It is a 
comparatively new thing, as we term new things today, largely 
rating it from the standpoint of fact that it has only just about 
come into fairly general use. Budgetary control has been in 
existence for a great many years in the best-regulated companies, 
but today we see it quite generally used, or at least an attempt 
made to use it. Why is it? It comes right up to the point of 
psychological effect on the organization. 

Doubtlessly many will say, ‘‘Well, yes, there are lots of busi- 
nesses that lend themselves to budgetary control, but my busi- 
ness doesn’t."" There is no business that does not lend itself to 
budgetary control. Take into consideration that a budget, so- 
called, is really in two parts—the performance factor, the goal in 
volume of sales or quota, and the cost budget or the expense of 
doing it. They are two very different things. For instance, 
there is a sales department. So many sales representatives will 
cover so much territory. That is comparatively easy to set up. 
There are certain representative branch offices. There may be a 
definite budget for advertising. The men are kept on the payroll 
all the time, anyway. 

It is not so easy usually to set up quotas with the sales depart- 
ment. The usual ery is, “We are not clairvoyants. We cannot 
read the future. We cannot say that we will sell.”’_ It is difficult 
to get the sales department to commit itself on what it is going to 
do, and on what it expects to undertake. That isall wrong. It is 
easy to budget expense, it is difficult to set up quotas of per- 
formance, and yet we must have them for a good many reasons. 
The psychological effect is the greatest reason for setting a goal. 
The sales department may say, “Well, we may hit way off, and 
become laughing stocks.”’ 

Nobody will do any laughing at all because of the fact that 
from past records, business conditions existing at the time, from 
the nature of the organization as a whole, from the excellence of 
the product, from the popularity, from its exclusive features or 
simply from the fact that the organization is manufacturing a 
stable product with a powerful selling organization behind it, it is 
possible to set up a quota. There is no reason at all for any one’s 
hestitating to give an idea of what he is going to try to sell. 
The best of that is, that one and all, when he sets a goal, will do 
their utmost to meet or beat that figure. Whether it is met or 
beaten depends on many factors. It is in the analysis of those 
factors that we get the greatest value out of budgeting. 

If we sit down with whoever is responsible for having set the 
goal, with various individuals, far-flung, perhaps, throughout 
the whole organization, and analyze the expense budget to as- 


certain why it was not reached, we are bound to develop the 


reasons. Therefore the next time the quotas are set up, the 
next time the budget is made, we have the benefit of all those 
things that happened, the reason for falling off here or for in- 
creasing there, and in consequence, the next quota will be far 
closer than the first one. 

A certain company, on the basis of the budget, set up a profit 
and loss account on the telegraphic reports coming in up to mid- 
night on the thirty-first day of the year, using standard costs 
and standard performance in connection with the budget. The 
directors met next morning, the first day of January, and dealt with 
big problems on which the profit and loss had an important bear- 
ing. When the actual figures came along about ten days later, 
they were less than one per cent off from the figures set up on the 
last day of the year. 

Such accuracy cannot be reached right away, but like every- 
thing else, that point can be approached gradually, and perfec- 
tion comes along that line very rapidly. It all depends on the 
managerial attribute or the managerial success in guiding the 
minds of the various people in the organization to visualize the 
future, to see the benefit of setting these goals, and the great 
advantage that is to be had through the whole organization 
salesman, plant manager, foreman, and the worker at the ma- 
chine. In plants we have known for many years where budgets 
or quotas are set up, 95 per cent of all the workers in the plant 
are just as crazy to beat a mark as the manager is to have them 

One of the questions that has been asked, inquired as to whether 
or not budgets should be made with a tolerance, say, $100,000, 
plus or minus, just as an engineer would specify a dimension in 
the design of a machine as 1 in. +0.001. In making a budget, 
a tolerance is usually taken into consideration, except that it is, 
perhaps, on the plus side. When an expense budget is being 
made up, the tolerance should be for the fellow who has to make 
good on it, so that he has a chance to win his game. Otherwise 
he is being everlastingly cut down so that he never tastes the 
sweet fruit of beating the figures. Mr. Coes has said, and he is 
correct, that the budget handed down from up above is a pretty 
poor budget. 

After the department head has made up his budget, the 
manager who is considerate will put the expense budget through 
with the tolerance a little bit on the plus side. He will say, 
“T want to make you safe on this and allow just a little more 
there so you have something to go and come on.” The incon- 
siderate manager will not get far. He will screw things down 
so hard that everybody will be disgusted. He will not allow 
any tolerance, and that is just as bad as the other is good. Ther 
must be a tolerance in budgets. There is no such thing as ex- 
actitude. 

Another question that was raised was that of the extent to 
which the engineering department entered in when budgeting 
overhead, indirect, controllable, and non-controllable charges 
It all depends on the business. Some have engineers, others 
have none at all. Other businesses are all engineers. The ex 
tent to which engineering departments enter depends on the 
extent to which the business is engineering business. There 
are many business and mercantile houses that have budgets 
The same thing applies to the haberdashery shop, or anywhere 
else where expenses are set up for the year for rent, fixed hel 
and all other expenses, and a quota is set up in advance in ordet 
to see what must be sold during the year to come out even. 

The engineer cannot spend his time more profitably than by 
getting all the latest literature on budgetary control, standaré 
costs, and those things that have to do with cash in the busines 
and learning what they mean. With all the engineering in th 
world, no business can run on a business basis until it has th 
proper costs to back up the engineering. 
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Quantities 


The Development of a Formula That Considers the Principal Factors in the Cost of Purchases 


By R. C. DA. .S,! FLINT, MICH. 


N PLACING an order the purchasing agent must consider 
not only price but in addition quality, delivery, and quantity. 
Every experienced purchase executive knows that a cheap 
price may prove most expensive if the quality of the material 
makes it difficult to process or depreciates the ultimate quality 
of the product; if the material is not delivered promptly, causing 
expensive hold-ups of the production program; if the quantity 
purchased is so great that interest, storage, depreciation, and 
obsolescence charges unduly increase unit costs; if the quantity 
purchased is so small that the unit cost of procurement is dis- 
proportionate, or so large that interest and storage charges 
increase unit costs unduly. 

In the better-managed plants, accurate information regarding 
prices and price trends is being obtained regularly from records 
of previous quotations, reporting services, trade journals, manu- 
facturer’s associations, governmental and semi-governmental 
sources, daily papers, graphical price analyses maintained by the 
purchase office, and many others. This information is studied 
carefully and constantly. The quality of purchased materials is 
being insured through the use of properly prepared specifications 
in making the purchase contract and in inspecting the goods 
when delivered. To insure deliveries as promised, vendor's 
records, showing capacity and past performance of each vendor 
from whom the company has had occasion to buy, are studied 
before the order is placed. These and other precautions may 
be taken to insure that the company gets the right quality, 
delivery, and price. However, the determination of how much 
to buy may not receive the same careful treatment. 

It may be left to the judgment of some individual who is 
thought to be competent, very often the president of the company. 
It may be based on maximum ordering quantities determined 
from statistics of past consumption, having little reference to 
future needs. It may be based on immediate needs as indicated 
by present unfilled orders. Any or all of these methods may 
result in the purchase of quantities too large or too small to give 
a minimum total unit cost. 


RELATION BETWEEN THE RECEIPT AND CONSUMPTION OF 
PURCHASED MATERIALS 


The general relation between the receipt and consumption of 
purchased materials is indicated in Fig. 1. The ideal condition 
would be an assured delivery of the exact quantity of material 
necessary to meet the needs of the plant, at the exact time that 
the old stock is exhausted, making it unnecessary to carry reserve 
stocks. Of course, such an ideal is unattainable in actual prac- 
tice, although some concerns have approximated it to a surprising 
degree. Obviously, the trend in inventory practice is vo ap- 
proach this ideal as a limit, as far as practicable. 

In Fig. 1, values of time are represented on the axis of abscissas 
and values of quantities purchased or in stock on the axis of 
ordinates. The symbols in the diagram have the following 
meanings: 


General Motors Institute of Technology. 

Presented at the National Meeting of the Management Division of 
Tut AMERICAN Society OF MECHANICAL ENGINEERS, Rochester, N. Y., 
October 26-27, 1927. 


@ = quantity purchased, which should be such that the total 


unit cost is a minimum. 

R = minimum ordering quantity. 

R, = theoretical minimum. If there is no reserve stock, and 
a purchase order is placed when the stock on hand falls to quantity 
R,, the old stock will be completely exhausted as the new stock 
arrives, 

R, = reserve stock. It is assumed that some reserve will 
always be maintained to protect the plant against the failure 
of the vendor or the carrier to deliver as specified. The size of 
the reserve depends on the time required for procurement and 
the nature of the article rather than on the size of the order. 

S = rate of consumption, expressed in pieces per year. 

T, = procurement time, expressed in years. It includes the 
time from the origination of the purchase requisition to the de- 
livery of the goods to stores. The procurement time will vary 
with kinds and classes of goods. However, for any given item 


| 


Fic. 1 Revatrion Between ReEcEipT AND CONSUMPTION OF 
Purcuasep Goops 


it does not vary greatly with the size of the order. It can be 
considered to be a constant. 

T, = the time during which the stock is being consumed, 
expressed in years. 


THe MiInimuM ORDERING QUANTITY 


In many plants, one source of authority for the placing of a 
purchase order is the purchase requisition originated by the 
balance-of-stores department. When the available stock of a 
given item, as shown on the stores ledger, falls to some pre- 
determined quantity, a purchase requisition is originated and 
sent to the purchasing department. If it is not the practice to 
apportion material against planned orders, the quantity will 
refer to the stock on hand. This predetermined quantity is 
usually referred to as the minimum ordering point or quantity. 
Obviously, its value depends on the time required for procure- 
ment and the rate at which the item is being consumed. This 
being so, R, = 

The actual reserve will include the theoretical minimum plus 
the reserve necessary to protect the plant against exhaustion of 
stock before the arrival of the new stock. In general, the greater 
the time of procurement or the quantity consumed, the greater 
the reserve that must be carried. The probability of delivery 
failures or rejections due to failure to meet specifications tends 
to increase as these factors increase. The actual reserve can be 
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expressed as a function of the theoretical minimum. Let F = 
ratio of actual to the theoretical minimum ordering quantity. 
Then 


R actual minimum 
FR, = FT,\S = R, + R, 


R, ™ R — R, = FT,S — TS = T,S(F — 1) 


In the above equations 7 is considered to be a constant. 


THe MaximuM ORDERING QUANTITY 


The quantity ordered also may be controlled by means of the 
balance-of-stores ledgers. In many cases a quantity, usually 
called the maximum ordering quantity, appears on the ledger 
sheet for each item carried in stock. This is a predetermined 
quantity intended to limit or specify the quantity which shall be 
ordered at any onetime. If too little is ordered at any one time, 
the unit cost of procurement will be too great. The cost of pro- 
curement includes such items as the expense of originating the 
purchase requisition, the time of major executives spent in 
consummating the purchase, the time of buyers and clerks spent 
in investigating markets, securing bids, and placing purchase 
orders, time spent in following up the order, the expense of re- 
ceiving and inspecting the goods, the expense of stowing, the 
expense of closing out purchase orders in the purchasing and 
accounting departments, and similar items. The determination 
of this value for a given item means considerable analysis. 
However, when once determined it stands as a standard cost 
until there is a considerable change in conditions. 

As the quantity purchased at any one time increases, the unit 
cost of procurement decreases, but the unit interest and storage 
charges increase. The total unit cost of the item decreases up 
to the point where increasing unit interest and storage charges 
outweigh decreasing unit procurement charges. Beyond this 
point the total unit cost increases. Obviously, the maximum 
ordering quantity should be such that it will hold the total unit 
cost at this turning point. 

The interest charge depends on the quantity purchased, the 
time of consumption, and the rate of interest. It may be de- 
termined as follows: 


Let W’ = quantity on which interest is charged 
] 


= Q/2 + R, 
= Q/2 + T,S(F — 1) 
T: = time of consumption = Q/S 
I’ = total interest charge 
I = current rate of interest, and 
C” = unit purchase price. 


C"IQ 
= [(Q/2) + T.S(F — 1)] 


= os QT\(F — 1)C"l 


The storage charge depends on the unit storage space required, 
the cost of storage space, and the time of consumption. It may 
be determined as follows: Let 

P = unit storage charge. This includes the proportionate 
share of the general overhead charges as well as those which 
result from the operation of the stores department. 

B = bulk factor, expressed in square feet of net storage space 
required per unit of item. Storage space is valuable. Against 
it can be resolved many charges such as light, heat, taxes, in- 
insurance, wages, and salaries. The greater the quantity pur- 
chased, the greater the charge, offsetting somewhat any savings 
from quantity buying. The term “net floor space’’ means net 
usable floor space, exclusive of aisles, steel bin frames, etc. 


E = storage charge, expressed in dollars per square foot of net 
storage space per year. It is based on the expense of such items 
as were mentioned in connection with B. 


Then 
W = total quantity in stock on receipt of the purchase 
Q + 
= Q + T,S(F—1), 
P = BET, 


BEQ/S, and 
PW = total storage charge 
BEQ/S[Q + T:S(F — 1)] 

The minimum-cost quantity can be found by setting up an 
equation of total unit cost, differentiating with regard to quantity, 
and placing the first derivative equal to zero. 

If G represents the total procurement cost, the equation of total 
cost may be written 


| 


Il 


C = total cost of the order 
=G+1+PW+4+C'Q 
BE 
= G+Q + QT\(F — + 


QT\(F—1)BE + CQ 
BE 
G+ | + QT,\(F —1)(C"l + BE 


To simplify the statement, let 
K = interest factor = 
2S 
BE 
II = storage factor = =? and 
= reserve-stock factor = 7,(F —1)(C"l + BE) 


The total-cost equation can now be written as follows: 
C=G6+Q7(K +H) +QN+C’'Q 
Dividing through by Q, it may be converted into an equation 
of total unit cost, as follows: 
C’ = total unit cost = G/Q + Q(K + H)+N40" 
Differentiating with regard to Q, we have 
dQ 
Placing the first derivative equal to zero, 
K+H = G/@ 


G 
G 
id K+H 


In as much as the negative sign has no practical significance, 
the equation for determining the minimum cost purchase quantity 


1s 
Q G 
Vi +H 


In using the equation, the values for B, EZ, and G would be 
determined by investigation. But once determined, they would 
be standard values until there were some considerable changes 
in conditions affecting them. The value of S would be derived 
either directly or indirectly from the production program. The 
value of C” would be obtained from the accepted bid. 

The equation is not intended to take the place of executive 
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judgment but rather to supplement it. The executive's decision 
may be affected by considerations of quality, delivery, price 
trends, obsolescence, and depreciation, as well as quantity and 
quoted prices. The following example will suggest possible appli- 
cations of the equation. 

Example. It has been determined from the production pro- 
gram that approximately 10,000 pieces of the material in question 
will be required during the coming six-months’ period. The 
market price is $0.10 per piece. The outlook is for a stable 
market. The procurement time is approximately four weeks. 
The expense of procurement for this class of material is esti- 
mated at $10.00 per order. The material is stored in standard 
bins, 2 ft. square, having a cubical content of 8 cu. ft. There 
are four tiers in a bin stack. Approximately 100 pieces can be 
stowed in a bin. Normally a 5 per cent reserve stock is carried 
for this item. The cost of net storage space is estimated at 
$4.00 per square foot per year. The current rate of interest is 
§ per cent. 


4 
B = 
100 x 4 

S = 20,000 pieces per year 
H = BE/S = (0.01 X 4.00)/20,000 

= 0.000002 
K = C'l/2S = (0.10 X 0.06)/(2 X 20,000) 

= 0.00000015 
G = $10.00 

10.00 

Vk Vo.00000015 + 0.000002 


= 2145 pieces, 


The minimum ordering point would be determined as follows, 


F = 1.05 
T, = 4 weeks or 0.0833 year, approximately 
R = FT,S = 1.05 x 0.0833 x 20,000 


= 1749 pieces. 


In this case, it would be advisable to purchase on the market 
in lots of 2200 pieces. The balance-of-stores department would 
riginate a purchase requisition when the available supply fell to 
1750 pieces. Under this arrangement, each lot would cover 
approximately 5'/, weeks’ requirements. Before placing an 
order for a particular lot, actual consumption could be checked 
against the original consumption estimates, based on the pro- 
duction program. 


Discussion 


Atonzo Fiack.?. This paper is undoubtedly the result of 
considerable thought and care in its preparation. After studying 
', no fault can be found with its mathematical accuracy. It 
vould seem that the practical application of the formula to all 
tinds of purchas.ng is the question to be discussed. 

Many classes of materials are purchased in any large or small 
plant : 


a Some quite regularly in easily predetermined quantities; 

b Some in easily predetermined quantities but at irregular 
or uncertain intervals; 

c Some in large quantities, but only once every year or two; 

d Some only on schedule, a stock never being carried; and 

e Some, such as tools, equipment, and supplies, in varying 
quantities and times of delivery. 


The author’s formula will apply best to the condition first men- 
‘oned. A large automobile company that schedules its pro- 


*The Emerson Engineers, New York, N. Y. 
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duction six months ahead is a good example. Even such a com- 
pany revises its schedules monthly, after checking its schedules 
of production with its sales. When a more complicated situation 
arises such as is indicated in the other conditions, trouble may be 
found in applying the formula. 

A tremendous number of variables are encountered in pur- 
chasing that tax the ability of a purchasing agent. Seasonal 
demands, changes in style, changes in prices, changes in manu- 
facturing and marketing methods, will affect the practical appli- 
cation of the formula. 

There are thousands of purchasing agents, their assistants, and 
storekeepers. The abilities vary widely. Many are of limited 
education and training. Some are of great ability but have for- 
gotten their mathematical teachings. Such would find an easier 
way to determine the quantities to purchase, even though not as 
accurate. 

Frequently the character of the purchasing agent has a great 
influence on the determination of minimum-cost purchase quan- 
tities. It is his knowledge, his accurately kept records and sta- 
tistics, and his influence over those whom he supervises and from 
whom he buys that stamp him a success. Mechanical and mathe- 
matical aids are but auxiliary to his ability. 

It is therefore a question whether the average person handling 
stores and purchasing can intelligently apply the formula, and to 
what extent it might be used. To get an unbiased practical reac- 
tion to the paper, a very successful purchasing agent, one whom 
for eighteen years has purchased large quantities of materials, 
has secured unusually favorable prices, and has been known for 
having prompt deliveries, was approached. He expressed him- 
self as follows: 


The paper is the result of very careful thought of a very scientific 
mind and is a finished piece of work theoretically. It may be appli- 
cable to a very large concern with widely scattered operations, but 
is very impractical to a company doing three million dollars’ worth of 
business per year, whose purchasing department has been working 
under the same supervision successfully, including the war period, 
when 1200 people were given uninterrupted employment. Not one 
single employee lost five minutes’ time for the want of material with 
which to work, neither was substitution of material necessary for 
this operation. Based on this paper the cost of purchases (at $10 
per order) would be $7200, whereas the actual cost was $900 with a 
very much simpler method than that above, which has proved 100 
per cent efficient for 18 years. 


In the writer’s 20 years of service to industry, he has not found 
it practical to reduce the determination of minimum-cost pur- 
chase quantities to a mathematical formula. 


Rosert T. Kent.* The criticism of the practical purchasing 
agent quoted by Mr. Flack illustrates a point of view that prob- 
ably has done more to obstruct the advancement of good manage- 
ment methods than anything else. Mr. Henry L. Gantt, one of 
the keenest minds that this Society ever had, coined an epigram 
which fits very closely individuals of the type of this “‘practical’’ 
purchasing agent. The epigram is: ‘““The way we have always 
done it is probably wrong.” , 

There is nothing so obstructive to progress as satisfaction wit 
the way we have always done it, and the man who says that he 
has been successful for 20 years and is satisfied, is a man who has 
closed his mind against any progress and any advancement. 
Where would industry be today if every one connected with it 
took that view? Progress is made because we are not satisfied, 
and we know that our present methods are not the last word. If 
anybody can show better methods we should be only too willing 
to adopt them and discard our present methods. 


? General Manager, Bridgeport Brass Co., Bridgeport, Conn. 
Mem. A.S.M.E. 
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W.R. Ciark.‘ Mr. Raymond has given us a paper covering a 
formula for manufacturing,® and the author has given us a formula 
for purchasing. There is a missing link between these papers 
somewhere. Both are based upon certain assumptions and have 
neglected other considerations which must be entered into to 
make them wholly applicable. 

Mr. Raymond’s paper has neglected the question of labor 
fluidity, which involves the cost of training and the payment for 
overtime where those factors enter into the economic lot sizes, 
based upon demands of the purchasing agent. In other words, 
you may have a certain economic lot size which it is desirable to 
put into manufacture, provided you have the manufacturing 
facilities to get out this lot size and meet the purchasing agent’s 
demand for delivery. If these facilities are not available, the 
problem becomes one of carrying more labor, training it, organ- 
izing a night shift, or paying overtime on the day shift. 

Another factor that complicates the problem is the invest- 
ment in surplus machinery, power, floor space, etc. in order to 
minimize the fluctuations in labor supply. Extra machinery may 
be installed in the plant, and extra labor can be temporarily put 
on this extra machinery in order to meet purchasing demands and 
permit economic-lot-size manufacture, but the cost of carrying 
this equipment is considerable. These are factors which should 
be covered somewhere in the equation. Another factor that 
enters into the problem is the variations of raw-material costs. 
At certain times, when raw-material prices are low, it may be 
advantageous to operate and put into stock an excess of goods 
over the economic lot size. 

Referring to the author's paper, the condition of the vendor's 
factory may affect delivery. This condition varies from day to 
day, from week to week. Considerations must be given to the 
condition of markets, which affect the vendor’s supply of raw 
material, and also the seasonal price variations of the raw material 
for the vendor. 

Probably these variables can be tied together somewhat by a 
type of contract which is being made to a limited extent, that is, 
a procurement contract rather than a series of orders. It may 
call for a delivery somewhere between a maximum and minimum 
amount during a given period. Such a contract is somewhat 
flexible from the vendor's standpoint, where he can, to a certain 
extent, manufacture to his economic-lot formula and can put 
into his stores, temporarily, material in excess of specifications in 
order to enable him to meet the demands of his customers. The 
customer, in turn, may be able to work to a formula requiring less 
material in his storeroom. 

The whole problem merits the getting together more closely 
of the purchasing agent and the source of supply from which he 
procures his material, in order that they may work out this 
problem as a whole instead of using two formulas not entirely 
connected. 


Tue Avutuor. The method of determining minimum-cost 
purchase quantities is not intended to be a substitute for the 
purchasing agent’s experience and ability, but rather a supple- 
ment toit. Mr. Flack is correct in stating that such “mechanical 


*General Works Manager, Bridgeport Brass Company, Bridge- 
port, Conn. Mem. A.S.M.E. 
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and mathematical aids are but auxiliary to his (the purchasing 
agent’s) ability.” However, this does not preclude the possi- 
bility that such methods may render valuable assistance to the 
purchasing agent. 

The method described in the paper is intended to aid in estab- 
lishing maximum and minimum ordering quantities accurately. 
Obviously, it is of value only in connection with the solution of 
these problems for classified materials. It can be used for such 
materials purchased at regular or irregular periods of considerable 
duration or on schedule, as well as for those purchased in large 
quantities at relatively short regular intervals. However, the 
reliability of the formula is less in the former cases. Therefore 
more depends on the ability and experience of the purchasing 
agent. Nevertheless it is hardly probable that such ability and 
experience exercised by rule of thumb will be as effective as they 
will if they are supplemented by a scientific analysis of the prob- 
lem, such as the proposed method will give. 

Seasonal demands, changes in style, ete. would be considered 
in making the production program. Therefore they would be 
considered by the formula. In most cases the revision of the 
original program, as conditions develop through the year, would 
not affect the maximum and minimum ordering quantities seri- 
ously, unless the revisions were quite considerable. The proper- 
ties of the curve of total unit purchase costs are such that there 
can be a considerable deviation from the minimum-cost quantity 
before total unit purchase costs increase seriously. The necessity 
for revising would vary with each item. In the case of the more 
important items which are used regularly in large quantities and 
whose purchases involve large sums of money, it might be ad- 
visable to revise the maximum and minimum ordering quantities 
whenever there is a general revision of the production program. 
The great majority of items would only be revised periodically 

The method is not intended for use with speculative purchasing. 
Impending increases or decreases in the price level of a given 
item are always a matter for the judgment of the purchasing 
agent, supported by such information as may be collected by his 
own or the company’s statistical organization. It is always his 
privilege and responsibility to recommend such deviations from 
the maximum ordering quantity as he may consider advisable. 
However, it is doubtful whether he should be permitted to make 
such deviations at his own discretion, except in the case of those 
items whose purchase is frankly speculative. 

There is undoubtedly the same wide variation in the abilities of 
purchasing agents that there is within any other executive class 
Such variation is an argument for a more exact and careful selee- 
tion and training of executive material rather than an argument 
against the use of more exact management methods. However, 
the work of determining maximum and minimum ordering quan- 
tities, in general, would not be done by the purchasing depart- 
ment. The actual solution of the problem for any given item is 
a routine matter, once the proper information has been supplied. 

As previously stated, the formula is not intended to give 
exact solutions on which blind reliance can be placed. A number 
of factors in the purchase problem have purposely been left out 
because they are too intangible and their inclusion would un- 
necessarily complicate its solution. The formula is intended to 
assist the purchasing agent in making a more exact analysis ©! 
a given purchase problem in so far as the factors considered by th 
formula are concerned. 
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production, in its general aspect, is the same in all manu- 

facturing plants. The psychology of inspection, its necessity 
and value in securing a uniformity of product, is universally 
understood and recognized. It is doubtful if there may be found 
anywhere a factory in which some form of inspection is not 
applied. There may be instances in which it is carried out more 
or less unconsciously or in such a manner that it is not recognized 
as a separate function. 


> problem of the control of quality and its relation to 


GrowTu OF NEED FOR INSPECTION 


The need for inspection has grown and developed with the 
change and growth of modern industry. When production and 
distribution of goods was operated on an individualistic basis, 
when the artisan worked as an individual, either at his home or 
in his shop, alone or with the aid of a helper or apprentice, in- 
spection, as we know it today, had no place in the scheme. Yet 
standards of quality, as far as the finished product was concerned, 
were scrupulously maintained. This product was in most in- 
stances due entirely to the labor and skill of the individual 
working with his own tools. But with the development of the 
simple tool into a variety of complex pieces of power-driven 
machinery, specialized for the mass production of parts of com- 
modities, the little workshop grew into an enormous factory in 
which hundreds and thousands of men and women were gathered 
together, organized into an elaborate system of labor, each work- 
ing into the hands of the other, all of them collectively producing 
one article which frequently passed through numerous other 
operations and processes before it was turned into a commodity 
ready for distribution and use. Under these conditions, with 
the individual almost completely submerged, with the pressure 
arising from competition and the necessity for producing articles 
of high quality but at low cost, inspection, following processes 
and operations, of component parts, and, finally, of the finished 
product has become to a greater and greater extent a balance 
wheel which prevents these huge organizations from driving to 
ruin. The effect of a lapse of quality from established standards 
on sales volume, prestige, and good will is too well known to 
merit discussion. 


VALUE OF Proper INSPECTION GENERALLY RECOGNIZED 


The value of proper inspection is universally recognized, 
but the methods of its application vary greatly. Probably 
the highest development of inspection methods is to be found 
in those plants devoted to the manufacture, in large quantity, 
in &@ more or less constant stream, of some highly standardized 
product such as the automobile. Beginning with the raw mate- 
nal, running through a bewildering number of operations, and 
ending with the completely assembled and finished machine, 
every step has been safeguarded by means of inspection. This 
8 necessary because the ability of the machine to function, 
its utility, its length of life, and, in fact, under modern methods, 
ts very existence depend on how closely to established standards 
's parts have been fashioned. Present production methods are 
such that a close check must be kept on the work in progress. 


' Bausch & Lomb Optical Company. 

Presented at the National Meeting of the Management Division of 
‘HE AMERICAN Society OF MecHanicaL ENGINEERS, Rochester, 
N. Y., October 26 and 27, 1927. 
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Control of Quality 


Conditions and Circumstances Affecting Control of Quality Obtaining in the Shops of a Large 
Manufacturer of Optical Instruments and Accessories 
By WALTER W. GRAEPER,'! ROCHESTER, N. Y. 


Division of labor has resulted in economies which cannot be 
abandoned but it has also reduced the individual to an automaton 
so that, to a great extent, his incentive toward a striving for 
quality and his pride in his work have been lost. Barriers in 
the form of inspection must be erected to keep the quality of the 
results of his labor up to a standard which may be found ac- 
ceptable. 

Before going into a discussion of the problem of the control 
of quality as it presents itself at the plant of the Bausch and Lomb 
Optical Company, it may be well to refer briefly to the conditions 
and circumstances which obtain. 


AND CIRCUMSTANCES OBTAINING IN OPTICAL- 
INSTRUMENT MANUFACTURE 


CONDITIONS 


This company is engaged in the manufacture of optical in- 
struments of almost every description, together with an allied 
line of accessories not all of which may be classed as optical; 
of a large variety of articles made of glass, such as mirrors, re- 
flectors, lenses, and prisms; of ophthalmic lenses and spectacle 
frames and mounts; of lens-grinding and polishing machinery. 
It is difficult to convey an idea of the complexity of these products 
by merely enumerating them. Optical instruments alone em- 
brace so varied an assortment that it is possible only to those in 
the industry to become familiar with even a small percentage of 
them. The manufacturing problems which confront this 
organization are complicated by the fact that, gaged by the pro- 
duction of standardized articles manufactured in many other 
factories, the quantities involved are small. In the optical- 
instrument line alone there are roughly three thousand sales 
units according to the latest count. In the case of the most pop- 
ular model of microscope the yearly production does not greatly 
exceed five thousand. For a great many units five hundred is 
considered big production, while others are made in lots of twelve 
to one hundred. In ophthalmic lenses and spectacle mounts 
and frames the quantities involved run into huge numbers, but 
the almost infinite variety of possible combinations of lens 
curves, types and shapes, colors and shades, and, in the case of 
frames and mounts the same conditions with respect to styles, 
materials, and the variables in the matter of dimensions required 
to fit them to heterogeneous human heads, complicate the prob- 
lem to such an extent that the value which lies in great quanti- 
ties in production is practically nullified. It has been found 
desirable to make use of practically all standard types of in- 
spection methods, and means are frequently employed which 
are peculiar to the optical industry. 

Without going into detail, it may be pointed out that facil- 
ities are available for making laboratory tests of raw materials 
which are used. Sands and chemicals for making optical glass 
must be tested in order that the glass produced may have definite 
characteristics as to index of refraction, dispersion, color or 
freedom from color, transmission, and absorption. Failure to 
control these characteristics leads to failure in the performance 
of complicated optical systems such as microscope, telescope, 
and photographic objectives. Metals of various kinds, from the 
gold which is used for spectacle frames and mounts to the brasses 
and steels from which instruments and tools are made, are tested 
to insure against failure during manufacture and use. 

Tool inspection follows the procedure commonly adopted for 
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checking the accuracy and fitness of tools which are used in man- 
ufacturing processes. This work is carried out by a department 
set up for that purpose. 


Cuecks, TEsts, AND INSPECTIONS 


Checks, tests, and inspections all through the processes of 
manufacture are required to maintain quality at the desired 
level. The diversity of the product brings into use a great variety 
of devices, instruments, and tools. These range from the usual 
gages and measuring devices for comparing physical dimensions, 
to refractometers, photometers, and many specialized optical 
instruments for measuring optical constants, curves, and angles 
of prisms and lenses. 

Instruments especially designed and built in the plant for 
definite test or adjustment purposes are utilized. As a rule these 
are of such a nature that they are adapted only for the particular 
purpose for which they were designed, but not infrequently 
they develop into devices which, by reason of their accuracy or 
ease and rapidity of use, are adaptable for similar types of work 
in other industries. The contour-measuring projector is a good 
example of instruments of this kind. 

Such instruments may be unusual, but the manner and reason 
for their use conform with standard practice for test and in- 
spection. No doubt other industries find the development of 
specialized tools and instruments equally invaluable. 

Previous to final inspection of the finished product, the control 
of quality is in the hands of inspectors who are responsible to 
division superintendents and department foremen in charge of 
production. This arrangement is based on the theory that the 
responsibility for the quality of the finished product should be 
shouldered by those who make it. 

However, a check on the manufacturing departments has been 
provided. The final or finished-instrument inspection depart- 
ment is charged with this duty. It functions as an independent 
organization, responsible to the management, which passes 
judgment on the product of the factory. It is expected to carry 
out the policy of the management, and with this policy as a basis 
it establishes standards of quality and is empowered to force 
adherence to them. It has no direct authority or jurisdiction 
over the various processes of manufacture, yet its influence 
extends back to them. The manner in which this influence 
makes itself felt will be discussed later. 

Due to the nature of the product, sales in the instrument 
lines are frequently made directly to the ultimate user. For 
this reason it is found to be advisable to fill many orders in the 
assembly departments. Such orders accompanied by the goods 
are routed through the inspection department for final approval 
and test. Other articles of a standardized nature are held in 
designated stock rooms after passing through the inspection 
department. From these points they are sent to the shipping 
department as orders are received. Since the inspection depart- 
ment is held responsible for the condition of the product as it 
leaves the factory, it has the authority to determine what ar- 
ticles may be handled in this manner and to restrict the length 
of time they may be held in stock without reinspection. 


DEPARTMENT Not ENTIRELY Non- 


PRODUCTIVE 


Work oF INSPECTION 


The work of the inspection department is not entirely non- 
productive. There are, for instance, instruments which are 
finally adjusted as they are being inspected and tested. On 
certain types of instruments some assembly work is done. This 
is confined to those which would have to be taken apart for the 
purpose of inspection if they were received in a fully assembled 
condition. The guiding policy in this connection is to do such 
assembly operations which do not add materially to the inspec- 


tion time, but which result in a saving of a certain amount of 
time for the assembly departments. 

The routing of equipments and combinations of equipments 
as ordered by the customer through the inspection department is 
advisable in order that they may be set up and put through a 
practical test in much the same manner in which they will be 
set up and used later by the purchaser. Because of the variety 
of units which are offered for sale, from which the purchaser 
may choose for his own requirements, it is not practicable to 
attempt to carry such equipments or combinations of units in 
stock for immediate delivery. This is also true of orders calling 
for special instruments and parts or modifications of instruments 
regularly supplied. 

As has been stated, the tests are of a practical nature. Therv- 
fore inspectors who have been trained in the use of a large variety 
of instruments are required for that purpose. In general, in- 
struments of a given kind or type are assigned to the various 
inspection groups. As a result, inspectors become specialists 
in these lines. For example, photographic and projection lenses 
are handled by one group, projection and photomicrographic 
apparatus by another. A third is responsible for a variety of 
units which are produced in relatively small volume. Among 
these may be mentioned microtomes and accessories, field glasses 
and telescopes, botanical apparatus, blood-cell counting appara- 
tus, centrifuges, colorimeters, magnifiers, and microscope 
accessories. Optical measuring instruments, microscopes, ani 
ophthalmic instruments are inspected and tested by individua! 
inspectors. There is considerable overlapping among these 
groups and individuals, and to some extent it has been found 
possible to train certain inspectors along more than one line 
to take care of fluctuations in the volume of business and to 
provide for emergencies in the way of absences. It may be of 
interest to interpolate here that the labor turnover is practically 
negligible. 


INspecrion aS CHECK ON 100 Per Cent INSPECTION 


In attempting to control the quality of such articles as ophthal- 
mic lenses, lens frames, and mountings, and spectacle cases, the 
method of random or spot inspection is resorted to as a check on 
the 100 per cent inspection which is made in the various manufac- 
turing departments. The purpose is to obtain the facts relating 
to the quality of the product for the management and at the same 
time to bring them to the attention of the manufacturing de- 
partments for their guidance. Since the 100 per cent inspection 
is carried on by operators paid on a piece-work basis, a check 
on their work is imperative. Here again the inspection depart- 
ment has no direct authority over manufacturing processes. 
It may recommend, and the psychology on which the relation- 
ship between the manufacturing departments and the final 
inspection departments is based is such that, as a rule, its rec- 
ommendations are carried out. The effectiveness of any rec- 
ommendations is considerably enhanced if the inspection de- 
partment has built up for itself a reputation for fairness and im- 
partiality, if it states its case firmly, but at the same time moder- 
ately, preferring rather to understate than to exaggerate. 

Optical instruments which are manufactured for the Army 
and Navy are subject to the approval of Government inspectors. 
A naval officer is stationed at the plant in the capacity of in- 
spector. Close cooperation is therefore required in order to meet 
the exacting requirements of Government specifications. The 
final inspection department does not concern itself regularly 
with this product. 


ProBLEM OF ESTABLISHING STANDARDS A COMPLICATED UNE 


With this rough outline of the conditions and circumstances 
which exist in mind, it will be admitted that the problem of 
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establishing standards—for it is the function of this department 
to establish standards—and maintaining them is a complicated 
one. The policy of the company must be interpreted in such 
a manner that it may be applied practically to working standards 
for the various things which are made. Specifications which have 
been worked out by the technical and engineering departments 
in the form of blueprints and drawings are available in the 
majority of cases. Otherwise samples are used, so that, as far 
as physical dimensions, materials, and finish are concerned, there 
is usually something definite by which inspection may be guided. 
In the matter of performance there is constantly need of taking 
recourse to more intangible standards, standards for whose in- 
terpretation judgment must be relied upon. In all optical in- 
struments and appliances image quality, to take a concrete 
example, plays an important role. To a certain extent only 
can this be controlled by means of samples. In the final analysis 
this extremely important matter must be controlled through the 
judgment of an individual who has acquired through experience 
the ability to state when an image is of sufficiently good quality 
to pass the test for a particular instrument. There are optical 
instruments, especially measuring instruments, for which it is 
possible to lay down very definite specifications in the matter of 
performance. A refractometer, for instance, may be held within 
certain limits of accuracy which may be determined by measuring 
on it certain test objects whose indices of refraction have been 
measured by means more accurate than the instrument in 
question. Whenever judgment plays as an important a part as 
it does in connection with inspection of optical instruments, 
every precaution must be taken to make sure that such judgment 
is based on a practical, sane, and reasonable foundation. 
Variations from fixed theoretical standards occur in manu- 
facture even when the utmost precision is required and no matter 
how definite the standards which have been established or how 
Josely the limits have been prescribed. When judgment enters, 
the degree of variation becomes all the greater. For this reason, 
when standards of quality have been established in terms of 
samples, it is of utmost importance that these standards be 
studied and reviewed from time to time in order that judgment 
may be restrained from wandering too far from the desired limits. 
It is probably generally recognized that the normal tendency of 
an inspector is to become more critical without intending to do 
# and believing with an honest conviction that no change in the 
juality of his judgment has taken place. This tendency should 
he taken into account in handling the inspection problem. 


ConTENDING Forces Wuicn INFLUENCE INSPECTORS 


There are two contending forces which influence the inspector. 
lhe one comes from the outside in the form of complaints by 
onsumers and from the sales organization, which normally is a 
ster for higher quality in order that it may meet and overcome 
ules resistance arising from this factor. The other comes from 
uside the factory walls and arises from the struggle to keep down 
sts. It is particularly strong when manufacturing difficulties 
ise, when rejections mean retarded delivery, scrapped parts, 
ind heavy losses. The quality of the same or similar product 
nade by the competition becomes a component of one or the other 
{these forces. The direction in which it is effective depends 
pon whether this quality is higher or lower than that of the 
oduct with which it is being compared. It is not possible 
‘» maintain so fine a balance as an equilibrium between these 
‘irees under any circumstances, and frequently compromise must 
‘resorted to. The effect is similar to that of a pendulum which 
nbrates between two points, and it is the function of the in- 
‘ection department to make sure that the amplitude of vi- 
tration is restricted to a minimum—that the pendulum does not 
wing too far in either direction. 
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Customers’ complaints in a large measure determine the limit 
on the one hand. Even here judgment must be used, for there 
are always to be found individuals and dealers who are extremely 
free to express themselves, but who lack authority. There are 
those whose demands are such that near perfection is required to 
satisfy them. To base standards of quality on their desires would 
be ruinous and impracticable from a commercial standpoint. 
Manufacturing difficulties and sales resistance due to high costs 
are the chief determining factors which must be recognized 
to prevent the swing of the pendulum in the opposite direction. 
As it is the policy of the management to head the procession, 
careful watch must be kept on the quality of the goods manufac- 
tured by competitors. 

One of the most potent devices for transmitting back to the 
manufacturing and assembly departments the more or less in- 
tangible standards of quality are the inspection reports. Such 
reports serve two purposes. They convey the decision of the 
inspector together with his reasons in definite form and, when 
they have been analyzed, they form a record which is of practical 
use when reordering a lot of the same article. Since it is a part 
of the routine that manufacturing authorizations must be 
approved by the various executives whose departments are 
involved, the opportunity is automatically presented to the 
inspection department to make criticism or to suggest changes 
in design or method of manufacture which experience with the 
preceding lot of instruments warrants. 

Conferences at which are present representatives of the en- 
gineering, production, manufacturing, and inspection depart- 
ments before starting work on an article, have genuine value in 
creating a proper understanding of the problem at hand and in 
preventing thereby future difficulties. They are equally effec- 
tive in getting results when trouble has been encountered at 
some stage of manufacture. 


INSPECTION-DEPARTMENT POLICIES 


It is the policy of the inspection department not only to pass 
or reject the articles which come to them, but to find, when 
possible, the reason for failure and the source of the trouble. This 
policy frequently results in real saving, especially of time, for, 
as a rule, the inspector is in a more favorable position to detect 
sources of trouble in connection with performance than the in- 
dividual who makes the parts or assembles the instrument. It 
results, further, in a closer contact with the manufacturing de- 
partments and presents an opportunity for a type of cooperation 
conducive to a better understanding between workman and in- 
spector. No one relishes the idea of having his work rejected, 
especially when earnings are affected, but when the reasons for 
such rejections are pointed out together with information which 
is helpful in preventing similar mistakes in the future, it has been 
found that the natural tendency toward resentment has been 
mitigated, and that the average individual will make an honest 
effort to improve the quality of his work. Valuable suggestions 
relating to design and methods of manufacture frequently result 
from investigations of the causes of trouble. 

It is the policy of the inspection department to give information 
whenever possible, for no matter how carefully drawings have 
been made, or how completely limits have been assigned, there 
constantly arise questions which must be answered, and infor- 
mation which cannot be placed on blueprints must be gathered 
if the complete intentions of the design are to be carried out in 
the finished product. 

The idea that rigid inspection and high cost go hand in hand 
still persists in many places. The very opposite should be true 
provided that the inspection is intelligently conducted with a 
complete knowledge of the conditions which affect the design, 
manufacture, and use of the commodity which is manufactured. 
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Inspection if properly conducted should result in economy. 
Troubles may be quickly detected and their sources eliminated 
if the facts uncovered by the inspection department are utilized 
by the manufacturing departments as well as by those re- 
sponsible for design. The solution of the problem of main- 
taining standards of quality is hastened if inspection is looked 
upon as a real source of helpful information and a means toward 
progress, instead of being considered merely as a retarding factor 
in production. 

The philosophy of inspection is comparatively simple. The 
fundamental principles involved are such that they may be con- 
sidered almost axiomatic. Yet, contradictory as it may seem, 
successful control of quality by means of inspection is difficult 
of attainment because of the complexity of the problem. Never- 
theless, when production is approached by the management with 
as much emphasis being placed on quality as on quantity, when 
the factory personnel appreciates the value to itself of inspection 
and its by-products and is willing to cooperate to the fullest 
extent, when the inspection department has the proper concep- 
tion of its responsibility and receives the necessary support to 
maintain its morale, adequate control of quality is possible 
of attainment. 


Discussion 


L. G. Carrermo.e.2. The author shows that the Bausch & 
Lomb Optical Company has followed the procedure of many 
other large progressive organizations in having developed sound, 
practical inspection methods. In general it would seem that 
there has been a letting down in quality standards among manu- 
facturers of the low- and medium-priced products. This per- 
haps, has been due to increasing demand by the management for 
increased sales and decreased costs, influenced by the present 
narrower margins of profit in industry. While increased com- 
petition has a tendency to lower prices, it often has a tendency also 
to lower quality. In other words, the proper control of quality 
is not always coordinated with production. 

Fundamentally, division of labor necessitates inspection to 
maintain predetermined standards of quality which would other- 
wise be unknown or not fully understood by the workers. When 
properly app.ied, it places responsibility for defective workman- 
ship or material where it properiy belongs. Carried to its logical 
conclusion, it .nsists on the immediate rectification of conditions 
where the percentage of rejections or repairs is too high. Work- 
ers, as a rule, endeavor to keep their work up to the requisite 
standards, when these are known, fully understood, and when 
they can be practically attained. 

The middle road must be chosen between standards which are 
too low (or no standards at all) and standards which are almost 
mpossible of attainment. In general, the small company errs in 
the first instance, and the large organization in the second. Proper 
inspection is as essential to special work, each item of which in the 
most extreme cases becomes an individual creation, as in highly 
standardized products, manufactured by automatic machinery. 

The writer is opposed to placing the control of inspection at any 
time in the hands of those directly responsible for production, as 
is apparently done at the Bausch and Lomb Optical Company. 
The reason for this position is that the inspector is under pressure 
from two opposing directions—the need for quantity and the need 
for quality. One of the most satisfactory arrangements other 
than a separate inspection department, which is not often found, 
is to place the inspection department directly under the super- 
vision and authority of the engineering department. In as much 
as the engineering department is directly responsible for the 
setting of quality standards, it is up to this department to see 


2 Cooley & Marvin, Boston, Mass. Assoc-Mem. A.S.M.E. 
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that such standards are attained. Such an alignment may elim- 
inate the necessity of inspecting the inspector’s work. The en- 
gineers are also in a better position to assist in correcting con- 
ditions which prevent the attainment of inspection specifications. 
Seldom is the engineering department given sufficient authority, 
responsibility, and scope for its activity. Care must always be 
exercised that conflict is avoided between the production and 
inspection groups. The conference plan, outlined by the author, 
is helpful in avoiding discord. 

There are so many methods of inspection that it is difficult t» 
lay down a hard and fast law applicable to all conditions. The 
author states provisionally that rigid inspection and low costs gv 
hand in hand. This is not entirely true, as the law of diminishing 
returns certainly becomes effective in inspection work to a 
noticeable degree. In the final analysis the results to be obtained 
must be set against the lowest cost method of obtaining them. 


B. H. Warersury.* Many of the inspection methods, methods 
of establishing standards, factors influencing inspection, and 
inspection policies cited by the author, have their equivalents 
in other manufacturing activities than the one which he has con- 
sidered. In the refining of petroleum, for example, inspection 
may be said to be one of the most potent factors in the main- 
tenance of quality. This inspection begins with the crudes and 
continues through each process step to the finished product, 
whether that be aviation motor oil, cable saturant, fully refined 
paraffine wax, motor fuel, or other product. The development 
of special inspection apparatus has been necessary in some cases, 
as for making vacuum assay distillation tests, for determining 
the sludging properties of transformer oils, and for determining 
the resistance to emulsification of turbine oils. 

Departmental inspection during the intermediate processing 
as compared with total inspection activities probably has a 
greater importance in petroleum refining than in most other 
industries. Standardization of all inspection instruments and 
master checking of inspection results, therefore, require close, 
skilled attention. Many of the larger refining companies main- 
tain control laboratories whose work is closely coordinated with 
that of the Bureau of Standards. 

Quality standards for many refinery products are established by 
recognized specifications. In the preparation of specifications 
there is, in the petroleum industry as in others, the necessity 
for the establishment of a rational mean between the ideas of 
quality sometimes held by customers and sales organizat ons 
and the urgency for low refining costs. In other words, as the 
author has suggested, in a desire to reduce sales resistance, certain 
product qualities, as for example, color and specific gravity, are 
sometimes disproportionately emphasized at the expense of re- 
fining costs. 

With the majority of refiners the cost of inspection is an 
appreciable part of the total manufacturing cost, but an indis- 
pensable one in that it reduces other costs by enabling close 
control of operations, and in that it serves to maintain uniformly 
high quality of output. 


R. T. Kent.‘ The question of inspection, like all other ques- 
tions which arise in manufacturing, depends entirely upon the 
conditions surrounding manufacture. No hard and fast rule can 
be laid down for the inspection of a diversified number of products. 
The inspection system must be adapted to the particular manu- 
facturing problem in hand. 

There is no more important function in manufacturing than 


3 Superintendent, Eclipse Works, Atlantic Refining Co., Franklin, 
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inspection. Faulty inspection means that faulty goods are going 
out to customers, inspected there and then returned to the manu- 
facturer, who then has the privilege of paying the freight both 
ways. 

In the organization of the inspection department, it is quite 
true that the inspector should be in contact with the man who is 
in charge of production. It should be the inspector’s privilege 
to stop the work at any time that he finds it is coming through 
wrong. However, there is a development whereby a partial 
inspection can, with advantage, be put into the hands of the 
production men. 

In our organization we have had a very elaborate inspection 
department, with process inspection in each manufacturing 
department. The process inspectors were entirely independent 
of the foreman. We found, however, that the inspector often had 
insufficient technical knowledge to enable him to correct faults 
in manufacture as they developed. The gap between the dis- 
covery of faulty products and the correction of the fault was 
considerable, resulting either in a large amount of spoiled work 
or of high expense for reclamation. 

After a number of trials to eliminate the trouble, we developed 
the system of putting the process inspection squarely up to the 
foreman. The system evolved was that each operation, where 
trouble could occur, was inspected, the foreman making the 
rounds of the various machines in his department, inspecting the 
work as it came off the machine. If it was all right, well and 
good; if not, he stopped the work then and there. He would 
then ascertain what the trouble was and take immediate steps 
to correct it. After each visit of the foreman to the particular 
machine, the container in which the work was being placed, as it 
came from the machine, was set aside and moved away from the 
machine, the workman starting to fill a new container. If the 
foreman discovered faulty work on his next visit, the container 
containing the product was emptied and the product inspected 
100 percent. In that way we eliminated most of the spoiled work. 

We have by no means eliminated the final inspection. Most 
of the products, before being sent to the customer, are inspected 
100 per cent, depending upon the circumstances or quality of 
product. 


W. F. Battey.’ In the writer’s organization inspection is di- 
vided into three groups, two of which are under the manufactur- 
ing division and one under the Works Committee which will be dealt 
with later. Under the manufacturing group are the foremen of 
the various departments, who must go over the work in the de- 
partment six times a day and carefully check it. It is purely a 
matter of inspecting the parts, the worker using the gage at the 
machine as a check on the work. The main inspection is under 
the manufacturing division also. All of these inspectors are in 
one room. A very simple conveyor system runs from each de- 
partment to the inspection room to facilitate inspection of all 
the work. The work is so arranged that ten times each day the 
inspected material from one inspector is rechecked by another 
person, without the knowledge of the first inspector. A check 
is made for quantity as well as quality. 

In connection with the general inspection, one man continu- 
ously checks up on the product. He will gather up a rumber of 
parts, and test them to make sure the work is right. In so doing 
he goes over a complete cleaner once a week. We also make a 
complete check on one per cent of our assemblies in this same de- 
partment. We take a cleaner off the floor once a day, and take 
It to the tool room where every part is carefully measured. In 
this general inspection we try to catch the product at that stage 
where we can repair the article without spoiling it. 

In the case of the motor, the winding is tested as it comes 
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from the winding department, being checked for “stretch of 
wire,” “open ends,” etc. For instance, if the wire is stretched 
five per cent in winding it is noticed in the speed of the motor 
and corrective measures are taken. Before the armature goes to 
the dip, it is tested twice for “open shorts’ and “grounds.” 
That is a double inspection, two men checking on each other, 
because at that point we can correct most of the work, while 
corrective measures are impossible after it comes from the dip 
and the oven. 

An interesting inspection is that of the beater bar or agitator. 
This is checked for the length of the beater bar, and extension of 
the beater-bar ribs before they harden. This part must be ex- 
tremely accurately made, and it is given a 100 per cent inspec- 
tion both before and after hardening. 

The final inspection of the product is carried out by a group of in- 
spectors functioning out of the jurisdiction of the production de- 
partment and to a group known as the Works Committee in- 
spectors. 

This final inspection tests for wattage, speed, vacuum, lift of 
rug, adjustment to rug, and all appearances. 

This group also makes a most accurate check on all incoming 
purchased material to make sure that the material meets the 
company’s specifications. 

The Works Committee inspectors answer to a group consisting 
of representatives from engineering, production, inspection, sales, 
service, and management, and of whom the general manager is 
chairman. 

Through the service department inspection is also carried to 
the field. For instance, samples of dirt from California, Texas, 
and New York may be desired, and these men will secure the 
dirt prevalent in these territories direct from the homes. It 
may be found that dirt taken from a New York State home 
functions in the cleaner, but that the dirt from Texas will give 
a lot of trouble. Samples of dirt are sent in from these various 
places at certain intervals so that it may be determined whether 
or not the cleaners handle them properly. 

Rugs are also distributed throughout the factory, placing them 
in the various departments where there is considerable traffic. 
These rugs are previously cleaned thoroughly, and they are 100 
per cent clean before they are turned over to the inspection de- 
partment. All kinds of rugs are tested to make sure that there 
is no type of rug that cannot be handled. 

The question of incentive for inspectors has been mentioned 
by one of the speakers. The company is considering starting 
in its inspection department an incentive along the lines of a 
standard time system. Under this plan the inspectors will not 
only get their day rate but a certain percentage of the saving 
which they make. However, if some defect is found passing the 
first inspection, the inspection department which has passed it 
will be penalized four times the cost of inspecting the job. There 
will be an extreme incentive to speed up, making this saving in 
cost, but the whole saving is likely to be wiped out if the inspec- 
tors are not careful. 


E. G. Quin.* In one branch of the Bausch and Lomb factory 
we have developed a wage incentive system wherein both quality 
and quantity are linked together with the emphasis on quality. 
The work is sent to the factory inspection department on whose 
report the operators are paid, based both on the quantity good 
and the total quantity produced. This inspection is entirely 
separate from the final or check inspection to which Mr. Graeper 
referred, which is not under the factory’s direction. In order 
that there may be no favoritism in this factory inspection, the 
work of the different operators is arbitrarily sent through as 
that of operators Nos. 1, 2,3,etc. In this way the inspector does 
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not know whose work is being inspected. Our final inspectors 
in the factory are the highest paid operators and we endeavor to 
promote our best operators tothe group which does this inspection. 

I would like to present a point for discussion which has not been 
touched upon. We will assume that both supervision and oper- 
ators share in the wage incentive. What percentage of the penalty 
for rejected work should be applied to supervision and what 
percentage should be applied to the operators? Should the entire 
penalty be applied to the operators, should the entire penalty be 
applied to the operators and an additional penalty applied to 
supervision or should the penalty be divided between the oper- 
ators and the supervision and if so in what proportion? 


L. P. Arpvuser.? Methods of inspection depend to a large 
extent on the organization of a plant, and the articles manu- 
factured. Inspection is first encountered, asa rule, in the pur- 
chasing department, which buys in accordance with more or less 
rigid specifications. The raw or partly worked material is 
carefully inspected by the receiving department as to quantity, 
and by that department or a plant laboratory, as to quality. This 
is true whether the material purchased is pig iron or seed clover. 

The inspection department is frequently independent of the 
production department, and under a separate superintendent. 
The only real cooperation is between the superintendents of pro- 
duction and inspection, and a few of their department heads at 
the most. Inspectors pass on material after each process, using 
spot (about 10 per cent) inspection on parts such as rubber buffers, 
bolts, drawn parts, etc., and 100 per cent inspection gn more 
important parts. What are called component units, and also 
final assemblies, are subjected to 100 per cent inspection, for 
“‘working qualities.” 

Parts made by automatics are given a running inspection by 
the set-up men. Small parts in process, after each process, are 
usually moved into separate inspection rooms. Large parts, 
hard to move, are inspected in the particular department con- 
cerned. The inspector's O. K. is necessary before any parts can 
be moved into stock- or be used in assembly. This inspection 
might be spot, or 100 per cent, depending on the article or com- 
ponent part considered. 

Many component parts are moved into stock, to remain there 
for six months or longer. The reason is simple. A battery of 
automatics in two days can frequently turn out enough of a de- 
sired part to last a year. It can be seen that running inspection 
by the set-up men, and a further inspection by the inspection 
department, is necessary and an economy if ‘‘passed’’ stock is to 
be drawn out as needed. To take a battery of automatics, or 
only one, off of one job, set it up again for a temporary job, 
take it down and set it up again for the first job, is exceedingly ex- 
pensive. This does happen sometimes, but it is not always 
possible to predict what kind of an order a salesman will bring in, 
and emergencies must be met. Better correlation of sales and 
planning activities will frequently prevent such a procedure. 

In a certain electrical manufacturing plant, the inspection 
department, although independent of the production department, 
is nevertheless represented at all daily meetings of foremen, 
and also of department heads. Current troubles and differences 
of opinion are usually settled at the time by the engineering and 
inspection departments. The same system of inspection has been 
used for some years, and seems to be functioning well. This 
plant manufactures a complicated product, in which some 4000 
different parts are needed in quantities of from 500 to about 
40,000 per year. The various inspections vary from sighting 
along a line, to delicate electrical inspections with post-office 
types of bridges. 

John Wiley & Sons, Inc., New York, N.Y. Assoc-Mem. A.S. 
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In another plant, a sash and door plant, very little formal 
inspecting is done. Stair treads fit, or they do not fit. Since 
stairways are made up almost entirely by the same artisans, 
working from drawings, they do their own inspecting. Stock 
sizes of sash and doors are always correct to within a certain 
percentage. The carpenter is expected to use his plane on the 
job to make windows and doors work freely. Jigs, and even 
gages, are used more frequently in the wood industry, since 
quantity production, and long-distance shipments t 0 consumers 
are more the rule than was formerly the case. Great advances 
have been made by the industry since engineers have been em- 
ployed more frequently. 

In still another instance, a radio plant employing some 6000 
operatives had a force of about 150 inspectors. Costs were 
running up and competition was keen. Inspection was made 
on 100 per cent of the output, for both component parts and 
assembled units. The inspection department was independent 
of the production department. Production was irregular, sales 
disappointing, and returns from customers entirely too frequent. 
In a reorganization, the inspection department was cut to about 
forty. The foremen are now responsible for the quality of 
component parts. Their inspection is subject to a spot inspec- 
tion by the inspection department. Whenever a certain small 
percentage of ‘‘no-pass’’ parts is noted, the foreman in charge 
of the department making that part is told to check the matter, 
and stop production, if necessary, until matters are righted. A 
final inspection of assembled units, for ‘working qualities’ is 
made by the inspection department. This inspection is 100 per 
cent and is subject to a spot reinspection by the head inspectors. 
The inspection department, of this plant, is now present at all 
planning meetings, and confers on all purchases, on the manu- 
facture and design of the product, and the design of new tools. 
The inspection department has a voice in manufacturing, and in 
the determination of policy. 

Some engineers insist that inspection shall be absolutely inde- 
pendent of production, and that this function, at least, must be 
kept separate from all other functions of manufacturing. This 
may be correct in some instances, but it is not correct in all. 
Competition and costs determine the matter, to a large extent. 
Some leaders in business and industry are beginning to think 
that we have functionalized too much, and that the foreman 
should again be a foreman—at least as much as is consistent 
with retaining the benefits of the division of labor, modern auto- 
matic machinery, and large-scale production and sales. 

The writer regrets that he cannot name specific plants, or the 
“some leaders” in industry, but it can be seen that for one in his 
position, who obtains more or less confidential information—often 
without asking—it would be unethical to divulge any names. 
The instances cited, and more, have all come under the writer's 
observation, either as an employee, or a representative of the 
publishing house with which he is connected. 


G. J. Hopkins. The similarities of inspection methods of all 
materials are, as the author pointed out, of two kinds: first, 
laboratory methods determining the quality of the material, 
which would cover the dryness of wood and chemical and physica! 
properties of cast iron, as well as the purity of optical glass; 
second, the special gage-and-fixture method of determining sizes 
within exact limits. The only difference in these methods 
as applied to rough and fine goods is the width of the limit or 
tolerance allowed, and a consequent variation of refinement of 
the tools applied as measures. 

However, there is one thing which does differ radically as be- 
tween coarse and fine products, or rather between articles of 
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ordinary utility and precision instruments. This difference is in 
the amount of judgment required on the part of the inspection 
department to make sure that the policy of the house is carried 
out to the letter in the product offered the public. 

The author has called attention to the effect of lapses from 
quality on the sales resistance, and also the effect of an increase 
of quality on increasing the cost. It would seem that in the case 
of precision instruments, very exact specifications can be drawn, 
but when we come to less exact items such as are affected by the 
publie taste—let us say in the finish of automobiles—or the length 
of the useful life of the article, the policy of the house must be 
more or less governed by the kind of market in which it expects 
to sell, and the competetive conditions of that market. The 
salesmen are the men that eventually come into contact with the 
proof of the quality of the goods. They bring back to the house 
the publie’s judgment in the shape of reports to the management. 
These may be in the form of enthusiastic boosts, or neutrally 
written on a form, telegraphic, or verbal and profane. The 
greatest question, and the one that becomes most important as 
competition becomes keener, is “‘What method can be utilized to 
translate this mass of variable and often conflicting information 
into sound judgment for the inspection department to apply to 
new goods in process?” 

ln the writer's experience covering both kicks and plaudits in 
regard to a variety of goods going into the hands of users who are 
in some cases farmers and some mechanics, and some into the 
hands of retail stores for resale, we have never discovered a sub- 
stitute for personal first-hand information, obtained by sending 
the chief inspector out into the field to determine for himself 
how high the quality must be carried to be satisfactory, and how 
closely the article must be trimmed to stay within its price class. 

In other words, the writer’s most poignant experience with 
inspection, both good and bad, has borne upon the chief inspec- 
tors actual knowledge of the goods in the field. It would, there- 
fore, seem that in a highly organized production plant, the in- 
spector should be no less a personage (except perhaps in the mat- 
ter of organization ability), than the man in charge of the manu- 
lacture. 


W. L. Wacker.’ The author points out the need of the in- 
spection of products to insure the maintenance of standards 
adopted by the manufacturer. Naturally, the relative amount 
of inspection found necessary in the various industries will vary 
between wide limits. In raw materials the chemical composition 
may be the most important consideration, while in finished prod- 
ucts technical accuracy, strength, beauty, etc., may all count 
tomake up the required standards. 

Every manufacturer desires to make the inspection problem 
4s easy as possible and to avoid the inaccuracies of human judg- 
ment wherever practicable. In order to accomplish this, prod- 
ucts are standardized as far as possible, and the manufacturing 
operations are performed as far as it may be economical on auto- 
matic or semi-automatic machinery, where the required limits of 
“ecuracy are determined by the machines and are out of control 
of the regular machine operators. With the great increase in 
productivity of factory operators who are paid according to some 
well-planned wage incentive system, it is essential that con- 
ditions for accurate work are made as nearly fool-proof as pos- 
able. This is not intended as an argument in favor of hourly or 
daily wages to operators, as contrasted to a wage incentive system. 
Un the average, better work will be performed by operators who 
ae paid for their production by some wage incentive system 
vhereby their rewards are largely under their own control, than 
°y Operators who are paid hourly or daily wages for their time. 


*Asst. Gen. Mgr., Washburn Co., Worcester, Mass. Mem. 
AS.M.E. 
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The transition from the artisan who had the interest of his own 
artistic expression in the products of his work, to the present-day 
factory operator, who may have only one of the numerous oper- 
ations to perform on a product about which he knows practically 
nothing, has lowered the appreciation and responsibility for accu- 
racy in work. Therefore, inspection is necessary, and the aim of 
the management of any industry is to control inspection as far as 
is possible by mechanical devices. Inspection costs, if not 
watched carefully, will increase beyond the limits allowable in any 
reasonable manufacturing budget. It is, therefore, advisable 
to study the needs at frequent intervals to determine just how 
far it seems practical to go in inspection work. In the business 
discussed by the author, it appears logical that a highly developed 
system is essential. In most of the industries with which the 
writer has been associated, the majority of the products manu- 
factured are utilitarian, requiring few, if any, technical speci- 
fications of accuracy. Where technical accuracy has been neces- 
sary, certain mechanical devices have been developed which 
reduce most of the inspection tests to a routine, or chemical 
tests have been made by accepted methods of chemical analysis. 

The author states that, where possible, the inspection operation 
should be made productive, certain other operations being per- 
formed while the inspection is made. This has been the policy in 
many industries. 

The author also states that the chief inspector is responsible 
only to the management, in order that he shall have a free hand 
in determining quality. This is always advisable. Also, the 
policy of the inspectors should be not only to determine what is 
wrong with an article, but to investigate sufficiently to ascertain, 
if possible, why the product has become defective and, where 
practicable, to cause such changes in conditions as to reduce 
to a minimum the liability for the same kind of errors in the 
future. 

The last quarter of a century of productivity has shown what 
the machine age could do in supplying human wants. In order 
to supply the enormous demand at the prices necessary, con- 
stantly improved mechanical equipment has been invented. 
Perhaps the most important achievement has been the develop- 
ment of modern production methods, whereby the men and 
women in industry have been able and willing through increased 
reward to show what they could do to increase output. The 
result of this has been that the production per person is un- 
doubtedly larger now than at any time in history. 

It is natural that the emphasis on production in many lines 
(not all) should have a tendency to detract from the interest in 
the art of industry. In an attempt to find a way out of this 
“‘profitless prosperity,” suffered, perhaps, by the majority of 
concerns in competitive industries today, some are turning their 
attention toward products which will not only be satisfactory 
from the standpoint of utility, but wiceh also will help to 
awaken and satisfy the artistic temperament of the customers. 
The function of beauty, which has long been partially or whol y 
ignored in the design and manufacture of many articles, may 
become the most important problem of the designer and manu- 
facturer. If this comes, as it probably will, there will be 
another problem of inspection with which the average manu- 
facturer is not familiar. Such inspection undoubtedly will call 
for the services of men and women who have a natural sense of 
harmony and artistic expression as well as technical training in the 
particular industries where they are employed. 

With the designing of artistic products, and their manufacture 
in quantities under modern production methods so that costs 
will be low enough for a wide distribution, the management of 
the future must of necessity understand the detailed processes 
of production, administration, and distribution in order to keep 
the proper balance. It is to be hoped that with the development 
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of art in industry, coupled with the necessity of adequate tech- 
nical inspection, as well as inspection for beauty and design, 
the control of production may still insure sufficient output for 
each employee or machine-hour to insure high wages and low 
costs. 


W. L. Covey.” In the manufacture of precision instruments, 
such as made by the writer’s company, quality is the most im- 
portant essential. The users demand 100 per cent perfection, 
and for that reason we have never attempted to introduce piece- 
work in our manufacturing. Our inspection is under the juris- 
diction of an inspection committee, consisting of one chief inspec- 
tor, production superintendent, and a member of the engineering 
department. The shop superintendent is responsible for stand- 
ards. The committee has functioned for three years, and its 
duty is to anticipate trouble and prevent it. Another device 
that we use is a regular complaint system, which brings into the 
plant the ideas of customers on an instrument. The complaints 
are made in the form of a report, which is handed to those in the 
factory who may be responsible. The complaints are analyzed 
and answered. This system has enabled us to uncover many 
things which might have caused considerable trouble. 


C. J. Roperts.'! The writer is interested in knowing how the 
rates for inspectors are set, how they compare with the rates 
for operators on the machines, and whether the rates are set 
in comparison with the machine piece rates or with other stand- 
ards, such as hourly rates. The type of inspector particularly in 
mind is that one who does not have to be highly qualified, say 
one who has been transfered from a shop job to the inspector's 
job. For instance, on screw-machine parts, where there is con- 
siderable routine work in the inspection of that product, girls are 
largely used as inspectors. What is the author's system for 
fixing rates for such work? 


Tue Autor. In reviewing the discussion, it is found that 
some difference of opinion exists as to the extent to which respon- 
sibility for maintenance of standards of quality should be en- 
trusted to production departments. There seem to be two gen- 
eral plans of inspection in use. Under the one, all inspection 
is carried on by’a separate department which is usually independ- 
ent of the production organization. Under the other plan, 
responsibility for quality to some degree, especially where parts 
and processes are concerned, is assumed by inspectors reporting 
to departmental foremen or division superintendents. In addi- 
tion, inspections and tests of the finished product are made by a 
separate department whose head is responsible to the manage- 
ment or perhaps to the engineering department. 

At the plant of the Bausch & Lomb Optical Co., the second of 
these two general methods is in use. Parts and process in- 
spectors are responsible to department foremen. In most of the 
manufacturing divisions separate inspection departments have 
been set up. The heads of these departments are responsible 
to the division superintendents. They carry on an inspection 
of parts and processes and in some cases, of finished product, 


1® Leeds & Northrup Co., Philadelphia, Pa. 
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but whenever the finished product is involved, their work is subject 
to spot inspection and control of the final inspection department 
which is an independent organization responsible only to the 
management. 

The theory behind this arrangement is that it is easier to 
obtain desired quality when its maintenance is as much the 
responsibility of the production departments as is that of cost 
and quantity. It should be remembered that the establish- 
ment of standards is not under consideration in this connection, 
but only the matter of carrying them out in the finished product. 
Let it be assumed that standards of quality have been established 
for the production departments. It now becomes their duty to 
put them into effect. However, the final inspection department 
is the controlling and guiding agency which has been instituted 
to enforce adherence to the standards which have been set up. 
This department, furthermore, makes all working tests, on a 
basis of a 100 per cent inspection where finished instruments are 
involved, as has been fully explained in the paper under discussion. 
Through this plan a double check on quality is obtained such 
that, if faulty or defective merchandise should happen to be 
sold, both the inspection department and the manufacturing 
departments may be held responsible under conditions where 
neither may pass the responsibility on to the other. Satisfactory 
results have been obtained through this plan. 

It is quite likely, however, that other methods may be equally 
effective in maintaining desired standards of quality and that 
varying conditions existing in different manufacturing plants 
may make their adoption and use desirable. 

In reply to a specific question, it may be stated that no general 
rule is applied in determining the wages of inspectors. This 
cannot be done because the variety of product which must bx 
inspected calls for various degrees of skill and judgment on the 
part of inspectors. For much of the routine work female in- 
spectors are employed. These are frequently chosen from oper- 
ators in the manufacturing departments because of their experi- 
ence with the work, their higher than average intelligenc: 
and their ability to use judgment. Such transfers are con- 
sidered as promotions with resultant higher wages. The mor 
highly specialized inspectors engaged in instrument inspection 
in most instances, have had previous experience in manufacturing 
departments as skilled workers. They have been chosen be 
cause of their aptitude, because they have a temperament whic! 
makes them suited to the work of inspection. Their compenss- 
tion, consequently, is higher than that of the workers whos 
product is being inspected. 

The validity of the statement that rigid inspection should re- 
sult in low cost has been questioned on the assumption that the 
law of diminishing returns becomes effective. The writers 
viewpoint in this connection is based on the supposition that the 
manufacture of a given article is undertaken after definite stand- 
ards of quality have been established and that these standards 
have been maintained in the finished product. It is reasonable 
to suppose that minimum costs may be brought about under 
these conditions through rigid inspection and its by-products 
If, on the other hand, standards of quality have not been set 
up at the beginning of manufacture, it is equally true that lower 
costs will result if no inspection is instituted, but at the sacrifice 
of quality. 
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Coordinating Wage Incentives and 
Production Control 


An Outline of the Principal Features of the Bedaux System 


By OSCAR GROTHE,' 


the White Sewing Machine Company, the Domestic Sewing 

Machine Company, and the Theodor Kundtz Company. 
The metal parts of the sewing machines are built from the ground 
up, with the exception of the foundry work. The cabinets, or 
woodwork parts, are built completely, including the manufacture 
of veneers and panels and from rough lumber on. The school 
work, opera chairs, and auditorium seating are built complete, 
with the exception of foundry work. The church work, includ- 
ing pews, altars, and all the other furniture, is a straight jobbing 
business and built from the ground up. The various articles 
are marketed through different kinds of channels, that is, through 
the corporation’s branch offices throughout the country, through 
dealers and jobbers. 

The Bedaux plan is used in the operation of the manufactur- 
ing division. 

In order that all may think and talk alike, as nearly as possible, 
in the organization, we combine together as production control 
(which is responsible as to where, when, and how many from 
the time of the inception of their requirements until leaving the 
factory) the fodowing departments: 


Tite White Sewing Machine Corporation owns and operates 


Planning Cost 

Scheduling Purchasing 

Dispatching Receiving 

Timekeeping Supplies, raw material and fin- 


Payroll ished parts stock rooms 


Every one in industry is attempting, with varying degrees 
of success, to balance capacity with requirements, to establish 
and maintain control of raw, in-process, and finished materials, 
as well as labor and overhead, by means of some kind of plan 
involving scheduling, dispatching, etc. It should only be logical, 
whereever possible, to use all the records or measuring devices 
which may have been already established for other uses to accom- 
plish this end, and thereby reduce the burden. For instance: 
Many companies make careful time studies of all operations, 
at quite an expense. In many cases they use this information 
for the payment of wages to the direct labor only, whereas this 
same information may, with slight additional work, be used for 
the payment of indirect labor, for cost records, budget, and 
other controls. 

The foundation of our measuring stick or common denominator 
is a unit called the “B,’”’ which consists of a fraction of a minute 
of effort plus a fraction of a minute of compensating relaxation, 
always aggregating unity but varying in proportion according 
to the nature of the strain. In other words, it corresponds to 
the effort developed by a man working under normal conditions 
at a normal rate of effort for one minute of time. The average 
number of B units developed or produced per hour (or B-hour) 
is the measure of the labor rate of accomplishments, whether it 
considers the individual, the department, or the plant as a 
whole. 

Generally speaking, and through the use of the B unit, control 
‘8 established to give actual performance against standard ex- 


! Vice-President, White Sewing Machine Corp. 
Presented at the National Meeting of the A.S.M.E. Management 
Division, Rochester, N. Y., October 26 and 27, 1927. 
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pectations, and to analyze the differences. This enables those 
responsible to eliminate those differences which represent labor 
waste on such items as operators below standard, excess set-up, 
lost time, re-operations, and repairs or excess indirect labor. 
The control of production is attained through the application of 
standards, expressed in B’s, to all forms of labor. 

The B standard for any one operation represents the amount 
of labor, or energy, necessary to perform the operation correctly 
under existing conditions. It corresponds to the time in minutes 
necessary for a normal man, working under the existing con- 
ditions at a normal rate of speed and effort, to perform the oper- 
ation correctly. 

Planning of production simplifies itself to the relating of 
capacity to B requirements. Alterations to plans are treated 
in terms of the same unit, eliminating many of the burdensome 
details. 

Instead of planning that machine No. 363 must on a certain 
day turn out operation 3 on 300 pieces of part 7, operation 1 on 
450 pieces of part 210, operation 7 on 2500 pieces of part 16-A, 
and then figuring with all details at hand whether machine 363 
has the physical capacity to do this, the planning department, 
knowing how many B’s the machine is capable of absorbing in 
one day, assigns to it only as many B units as it can absorb. 
We have established, therefore, a measurement of human effort 
similar to the horsepower or watt. 

In estimating bench-space requirements or capacity, again we 
use the same means of determining this as in the case of machine- 
hours, determining what the schedule requirement of B’s may be 
and the capacity, also, for storage space. After having deter- 
mined the requirements, B values are used for the purpose of 
determining how much storage is necessary to maintain the 
proper schedules, as the length of time required in process is 
definitely known. This is also true regarding containers of 
various types and kinds, of course always being careful to have 
them in convenient multiples whenever possible, for counting. 

Dependent upon whatever the requirements of the particular 
institution may be, this information can be compiled for any 
individual machine, bench space, storage space, or container for 
any department, any particular type of article, or any kind of 
operation, group of parts, group of operations, or for the plant as 
a whole. It is a simple matter through this method to find out 
how many screw-machine B’s of a certain kind are required, and 
again, how many are available, and so on, with drill presses and 
any other equipment. 

For instance, in the cabinet-assembly department, where differ- 
ent combinations of styles are assembled on different days, and 
the units vary as to the amount of man power required for each, 
it is a simple matter to take the total schedule for any given 
time, whether one week, two weeks, or a month, and reduce this 
schedule to its B content by departments, and (or) by kinds of 
work, whether sanding, assembling, finishing, etc.; and then to 
take this total B requirement of any kind and reduce it to the 
daily schedule, and, in turn, each day compare the actual pro- 
duction with that schedule. 

It would, of course, be impossible just to have a record of 
pieces as the department may be working one week on parts which 
require a@ small amount of labor, and the following week be 
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working on some parts requiring double the amount of labor. 
The second week they might find themselves behind in schedule, 
whereas they may have thought they were overmanned. We 
have, in the past, had foremen come to us, some to say they were 
overmanned, and some undermanned just because their list of 
parts or operations on their schedule appeared to be either caught 
up or behind; but now we can definitely tell by the B schedule 
and B's produced just what is required and we do not carry an ex- 
cess of help in the various departments, as the man power re- 
quired is figured down to the minute. 

The problem of containers or shelving is handled in much the 
same way. Before we invest in additional equipment or dispose 
of some of the capacity available, we check the requirements, 
using B values of capacity and requirements as one of the measur- 
ing devices. Machine capacity, as previously mentioned, is also 
handled in about the same way, and we very frequently find that 
by changing the routing, or moving a machine, or sometimes 
both, a material saving can be effected. We are able to tell 
this by the B capacity rather than by machine-hours. At 
the same time, we know whether or not we are getting the re- 
turns from our investment and equipment by our B-hour record, 
that is, by a comparison of how many B's per hour are produced 
with what should have been produced. 

This same B unit is also used for cost records. To obtain 
standard costs the base or hourly rates on a given operation, 
group of operations, or department, are divided by 60 (as there 
are 60 B’s per hour in a standard performance). This, then, 
would give the standard cost per B. Then the B’s produced 
divided into the money spent for direct labor gives the actual 
direct cost. The B’s produced, divided into the indirect labor 
gives the actual indirect labor cost. The B’s produced can 
also be divided into the other overhead items, separately or as 
a group, as the particular industry or company may require. 

In the case of re-operations or repairs, as well as scrap, we 
again determine the B cost on the items for comparative pur- 
poses of one period for various departments against another. 
This gives a good barometer as to whether progress is being made 
or not. In the case of supplies, such as sandpaper, drills, and 
other items, it is easy to equate the use of these supplies against 
the B’s produced on the various operations. In some cases 
we pay incentives for the savings of these supplies. 

It is also a comparatively simple matter to make ratios of 
indirect time to direct B’s produced, taking into consideration 
supervision, sweeping, trucking, and practically all other factors 
of indirect work for a given department. This same applies 
to set-up time, all measured in relation to production. The 
greater part of the information is figured each day for payroll 
purposes, which is essential for a proper labor control. One 
of the features of the entire plan is that with just a little addi- 
tional work the various items mentioned, and many more, can be 
measured, and the entire organization is educated to think and 
talk in the same terms or language. This makes it easily possible 
to shift help from one department to another, to combine the 
work of various departments and reduce the force to a minimum, 
and to know whether the minimum is being reached. 

The combination of these various data then makes it possible 
intelligently to plan, schedule, and dispatch the labor, material, 
and equipment as to where, when, and how many; and makes 
available most of the information necessary intelligently to 
budget and quite accurately to predetermine costs. 

If, without compelling undue mental effort or complicated 
calculations, supervisors can be given the means to know exactly 
what is being done, compared with what can be done, and to 
know the true measure of usefulness of their men and equip- 
ment, the real value of their gains and of losses, the true measure 
of themselves in comparison with other men of its class, these 


supervisors may be counted upon to work with all their strength 
toward any improvement of conditions that will increase the 
measure of usefulness of their men and of themselves. 

Give to industry the use of a common term, a constant unit 
of measure that places a true value on all work done, on all men 
employed—labor or supervision—giving the exact extent of al! 
gains, losses, and errors, controlling all changes in schedules and 
processes, all expressed in a manner easily understood, and 
permitting, through its simplicity, a continuous grasp of the 
entire picture, and you will automatically transform useless 
efforts into useful ones. 


Discussion 


H. O. Srewarr.? Of exceptional interest is the recognition 
given to indirect labor in this paper, which brings out the point 
that indirect labor has an important part in assisting production 
However, numerous workingmen in various plants, using. the 
system described by the author, cannot see the justice of having 
deducted from their earnings a portion of what they earn on 
their increased production for the purpose of paying indirect 
labor. They feel that it is unfair, and of course that in turn ts 
reflected in the quality of the product. In one plant the number 
of units requiring ‘‘reprocessing’’ increased from 10 per cent 
40 per cent after this system had been installed, and the fore- 
men seemed to see very little hope of decreasing the amount of 


imperfections. 

Why should not the indirect labor incentive be paid from the 
saving in overhead instead of somewhat at the expense of direct 
labor, inasmuch as the overhead is reduced whenever the pro- 
duction is increased? 


C. C. Surpman.? When the organization with which the 
writer is connected installed the Bedaux System, a direct de- 
parture was made from former Bedaux installations in that the 
premium paid to the indirect labor as an incentive was paid by 
the company and had no influence whatever upon the wages 
paid the direct labor. The amount of premium paid was based 
on premium B’s developed in the department and was a per- 
centage of the base-rate earnings. 

At the time ‘“Bedaux"’ was installed, premium was only paid 
as an incentive for labor effectiveness; later it was found desir- 
able to influence this premium by accomplishments on contro! of 
waste, machine maintenance, small tools, and supplies, quality 
of product, and cement and oils. Operating budgets were set 
on these various functions and the progress collected with the 
labor on the ‘‘Bedaux’”’ analysis sheets, showing labor effective- 
ness and labor effectiveness modified by expense items. _ !’re- 
mium is now paid on a modified application. 

The standards set are workable, are competitive between de- 
partments, and have changed the viewpoint of our foremen to that 
of managers. The scheme is psychological, and has created in- 
terest which has resulted in the development of the operating 
personnel. 

During the first year in which this system was used the above 
items were reduced to an appreciable level, resulting in savings te 
the company many times the cost of the premium paid. 


Martin Ketter.‘ The laborer after all is the important 
factor in the cost and production of a product. He is a human 
factor. The writer's idea is that if we have a superman who cat 
earn 50 per cent more than the average, he should get his 50 per 
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cent increase. In this way he has a very definite incentive upon 
which to put forth his efforts. 

Under incentive plans, the Bedaux system, etc., the employer 
does not pay all employees what they earn above a certain average. 
Some of it goes to the overhead workers, or management. It 
would seem an injustice to the superman to have part of his 
earnings taken away from him. 
become & superman. 

The writer cannot picture obtaining the maximum production 


It destroys the incentive to 


from the men by means of the Bedaux system when the men do 
not receive all of their earnings. 

It would seem that the morale of the whole organization would 
be affected when the men are not paid all of their earnings. 
Or to put it another way: on the piece-work basis they are earn- 
ing a certain amount of money, depending on their speed and abil- 
ity, and if another system like the Bedaux is installed, by which 
they will not receive as much, how can the faith and the con- 
fidence of the organization be kept? 


W. R. McCanne.® 
began the installation of the Bedaux system in 1921, there was no 


When the Stromberg-Carlson Company 
desire to reduce wages. On the contrary, it was desired to keep 
the earnings where they were and at the same time increase pro- 
The plant operated partly on day 
work and partly on piece work, and not more than 50 per cent 
of the current production was covered by piece-work rates. 
Under those piece-work rates the employee was being paid for a 
full 100 per cent of the actual production. 

The Bedaux Company's recommendation was adopted that 
a standard task be assigned on every operation, and in ex- 
ess of that standard task, 75 per cent of the value of the pro- 
juction should go to the productive worker. The balance of the 
extra production should go to the foreman, assistant foreman, 


duction, so as to lower costs. 


supervisors, machine and maintenance men, machine set-up 
men, truckers, and those who assist in providing the right con- 
litions for increased production. Many workers were changed 
from the 100 per cent plan to a 75 per cent plan, and in about 
* per cent of the cases the employee's earnings increased. 

To cite a particular instance, two good men who had worked 
inder piece rates on the assembly of telephone generators for 
ears were called upon for an increased task. They said that it 
ould not be done. After using various expedients, we finally 
enlarged the size of the tray which held the generators from a 
apacity of 25 to a capacity of 30, and we found that they per- 
‘ormed the operations on the same number of trays they had 
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done formerly. 
point desired. 
In the final analysis these plans are just tools. Their success 
depends upon the application, the seriousness of purpose, the 
diligent follow-up that is put behind any one of these plans. 


In that way we increased the production to the 


Tue Autuor. It appears from these discussions that their 
writers have somewhat strayed from the topic under discussion, 
that is, “Coordinating Wage Incentives and Production Control.”’ 

The discussion seems to be leading into the merits of the 
Bedaux plan of wage incentive for the operator; however, I shall 
be glad to give my version in connection with these discussions. 

I have at no time said, nor believe, that we are not paying oper- 
ators everything that they are earning; on the contrary, it is our 
intention and we do feel that we are paying the operators every- 
As Mr. McCanne ex- 
plains in his discussion, practically all operators under this plan 
earn and receive more pay than under previous plans. The mere 
fact that the particular operator has produced more than in the 
past is not sufficient proof in itself that the operator had earned 
at the same ratio, inasmuch as there are others in the particular 
department that have assisted and helped in such a way to make 
it possible for this operator to turn out more work, and it was 
not necessarily by his own efforts alone. I am fully agreed, 
and always will be, that each individual shall receive all he earns, 
but I do not feel that there is a constant ratio between earnings 
and production at all times. 

Referring to Mr. Stewart's discussion regarding quality: It 
has been the general experience with all types of incentive plans 
that the highest producers average the best grade of work, re- 
gardless of whether this be the Bedaux plan or any other, and it 
would be my opinion that there was something radically wrong 
with the management in the particular case which he cites where 
“reprocessing”? had increased from 10 per cent to 40 per cent due 
to an incentive wage plan. Perhaps prior to that time it was a 
case of not having the proper records or measuring devices for 
bringing this waste to light, and in any case I should think it a 
sign of weakness to take the foreman’s word alone as to the possi- 
bility of decreasing the amount of imperfections, as it is quite 
a human weakness to make it easy for oneself. 

Mr. Shipman, I think, very plainly brings out the point that 
this particular system, that is, the Bedaux plan, has very mate- 
rially reduced the waste in his institution and made a con- 
siderable saving in cost. However, no plan alone will do any of 
these things—it requires good management with any plan; 
and as Mr. McCanne states, the plan is simply the tool or measur- 
ing device for management to use to accomplish its purpose. 
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The control of factory overhead is almost synonymous with 
good management. The so-called uncontrollable items of over- 
head, as well as the controllable items, are amenable to downward 
adjustment from many different angles. 

Tactful discipline of executives, the education of supervisors 
in cost of materials and service of their own departments, and study 
or research to determine better and cheaper materials and methods, 
are essential to expense control. 

Expectancy of promotion, personal recognition and appreciation 
by the higher executives, assignment of added responsibilities, 
and payment of bonuses to executives, often greatly influence the 
esprit de corps of an organization. 

Uniformity in output is a factor of greatest importance in the 
standardization of costs, and for this reason a rate of production 
not in accordance with current demand for the finished product is 
often advisable so that costs may be maintained at their proper 
levels. 

A properly designed and vigorously administered budget-control 
scheme is a very powerful means of overhead control, and should 
cover such points as the attainability of quotas set, a voice in setting 
quotas by department heads, the provision of cost data for guidance 
of department heads, the establishment of well-defined standards 
of operation for various departments to act as checks on estimates 
and means of forecasting future performance, and the careful com- 
parison of resulls with quotas in order to determine possible future 
economies. 


T FIRST GLANCE it would appear that the proper intro- 
duction to a discussion on the control of factory overhead 
should logically begin with the listing of all items of outlay 

charged to the overhead accounts, and proceed by a process of 
elimination to the selection of those items that may be classed 
as controllable, thereby eliminating from consideration such 
accounts as insurance, depreciation, and taxes, and give thought 
only to the so-called controllable group, including the well- 
known items of labor, material, supplies, and sundries. 

Undoubtedly there is a widespread tendency to accept the 
incontrollable elements of burden as necessary evils to which 
we must supinely resign ourselves. But before surrendering with- 
out a struggle, nothing will be lost if this viewpoint is challenged 
lor the moment. Considering the element of depreciation, for 
instance, and assuming a flat monthly rate has been established 
a most intelligent and scientific basis, has not management 
frequently taken the attitude that it has done well to set this 
tate at a figure assuring conservative and safe current cost, and 
at that point dismiss the matter by assuming that nothing else 
rmains to be done? But is it not a fact that surprising possi- 
bilities for reduction of this charge are often revealed by closer 
study and more inquisitive analysis? Many institutions on a 
sound footing could discover hidden possibilities for reduction of 
lepreciation charges if they had a more intelligent understanding 
f the extent to which these charges were influenced by the char- 
‘eter of their maintenance and repair work, by the quality of 
their equipment and tooling, and by the diligence displayed in 
following the old axiom that a stitch in time saves nine. 

Similarly, with insurance, is the significance of strict safety 
regulations, adequate plant protection, and elimination of hazards 
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fully appreciated so far as their influence on insurance rates and 
amounts is concerned? 

Perhaps this aspect of the question of overhead control can be 
disposed of with the statement that management errs if it accepts 
the term “fixed charges” too literally, and is guilty of negligence 
if it does not make an exhaustive analysis of every condition 
that influences this fixed-charge class of accounts. 


WEAPONS AVAILABLE FOR CONTROLLING EXPENDITURES 


When consideration is given to the controllable group of over- 
head accounts, it would seem that a proper approach will be 
made by listing the several weapons available for controlling 
expenditures. Without attempting to classify or name them 
in the order of their importance, these weapons will be given some 
brief comment. 

Discipline undoubtedly takes a place somewhere in the picture. 
It is not difficult to conceive the disastrous results which must 
follow in an organization that does not feel the weight of the 
management’s displeasure when excessive or unwarranted ex- 
penditures have been made. The moral effect of discipline must 
not be discounted. It might be said that discipline is of a nega- 
tive value because it employs punishment for past shortcomings; 
but its influence on future actions is not to be underestimated. 
The spanked child does not immediately repeat an offense. So 
we may say that discipline is entitled to some measure of con- 
sideration in the control of overhead. 

Education. Another weapon of somewhat different character, 
whose importance is often not fully appreciated, may be named 
by the term “education.”” Too often management has been 
inclined to exercise discipline, when as a matter of fact the fault 
lay at the management’s door because responsibility given to an 
individual was not accompanied by instructions which would 
make that individual fully realize his duties or the possibilities 
within his grasp. It is an actual fact in the author’s experience 
that a surprising number of shop foremen do not know the price 
of lubricating oil per gallon or the value of the perishable tools 
used in their departments. Management could do nothing more 
effective to control overhead than to educate its supervisory class 
to the proper interpretation of material things in terms of the 
dollar. The man who spends his company’s money in actual 
purchase of incoming materials clearly visualizes the amount he 
obligates the company for. Is there less reason for a clear picture 
in the mind of the one who consumes those things? Educational 
work along this line is certainly an essential part of any well- 
rounded procedure on the control of overhead. 

Research. A somewhat similar vein is the matter of research. 
Tireless study and investigation will often reveal possibilities 
of reduction of expenditure seemingly at an economic minimum. 
The author has seen many economies affected merely because of 
refusal to accept the current condition as being the last word, 
despite its apparent soundness. A persistent challenge of these 
apparently acceptable expenditures sometimes reveals surprising 
results in the way of substitution or elimination. As a case in 
point, the author knows of an instance where the substitution 
of crepe paper for cloth used to protect automobile interiors 
during assembly has resulted in a saving amounting to thousands 
of dollars. The surprising thing is that the experiment was not 
thought of years before its actual introduction. It may be 
stated as an uncontradicted fact that the control of overhead is 
incomplete if study and research are not in constant use. 
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Incentives. Another of the very important (if properly 
handled) means of reducing overhead is through the medium 
of well-regulated incentives to those responsible for results. 
One form of incentive which has come within the notice of all of 
us is the expectancy on the part of the executive of promotion in 
due time. When he accomplishes something a little out of the 
ordinary, or when he spends a considerable amount of excess time 
on the job—more than he is expected to do—or when by extra 
effort or unusual ingenuity he accomplishes an especially note- 
worthy result for the company, he is subconsciously thinking of 
promotion. This form of recognition is expected by all of us 
as we become more valuable to our employers through the ac- 
quiring of experience and knowledge of the particular work with 
which we are entrusted. 

We have all seen the man of mediocre ability suddenly become 
transformed into a veritable dynamo of energy and endurance, 
solely because of a promotion, which though perhaps well 
deserved, was a little unexpected. It cannot be overlooked that 
the likelihood of promotion exerts a very great influence upon the 
will to accomplish and the desire to make a showing in some par- 
ticular field. However, in order that promotion may be depended 
upon as a means of keeping executives on their toes, there should 
be a recognized procedure, a well-established and well-understood 
cycle of cause and effect, with cases in point from time to time 
judiciously brought to the attention of fellow-workers in a way 
that keeps them believing in the justice of the management with 
respect to this form of recognition for faithful and loyal service. 

Another form of recognition which is seldom given credit for 
its real value as a means toward reducing manufacturing expense 
is the recognition of an employee by words of praise publicly 
given, or by suitable titles judiciously bestowed, or by giving an 
individual a certain responsibility which places him in the lime- 
light among his fellow-workers and makes it a matter of pride for 
him to bring his individual accomplishment to the highest point. 
The author has seen many an indifferent worker suddenly take 
an amazing interest in company affairs by the simple means of 
a personal item in the shop newspaper. Even as simple a matter 
as being recognized in the shop by one of the higher executives 
has had this same effect, and a wish personally expressed by 
them many times produces results that could not be attained 
in any other way. Pride in this matter of recognition by those 
in the high places is indeed an important factor in causing em- 
ployees—the executive no less than the worker—to take a keener 
personal interest in the economies and savings which are possible 
on his job. 

Bonuses to Executives. Still another form of incentive which 
never fails to produce results when fairly and justly applied is a 
bonus to responsible executives. One outstanding criticism of 
bonuses of this kind, as they are operated in many cases, 
is the fact that the bonus has not necessarily been given to 
those most deserving of it. As it often has worked out, the 
individual who could put up the best appearance before his 
superior or who managed to get public recognition for some 
of his accomplishments, was the individual to receive the lion’s 
share of any bonus money that was being distributed. An 
executive bonus, to be successful, must recognize ability and 
accomplishment only. That the individual be a personal friend 
or favorite of his superior, or that he succeed in advertising his 
accomplishments, must not be a prerequisite to receiving a bonus. 
The bonus plan must be worked out on an equitable basis, 
arranged to reward most those whose responsibilities for results 
have been greatest. Perhaps a brief description of an executive 
bonus plan designed to reward the individual executive in pro- 
portion to his accomplishments, as well as to foster a spirit of 
cooperation between department heads, would be in order at this 
point. The purpose of an executive bonus is, of course, to arouse 
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keener interest in the financial success of the enterprise, and to 
induce each individual to do all in his power in his particular 
sphere of activity to increase profits. In as much as the amount 
of net profits is tangible evidence of the effectiveness of the en- 
deavors of executives and supervisors, it follows that the net 
profits should be the basic element of the executive-bonus plan, 
and that the amount of the bonus shall bear some relation to the 
volume of net profits. Therefore, as a first consideration in the 
payment of an executive bonus, the profits available for a bonus 
after satisfying dividend requirements, proposed increases in 
fixed assets, required increases in working capital, and reserves 
for contingencies, must be ascertained. The plan in mind con- 
templates that in the event there are profits available for bonus, 
a base bonus of percentages of annual salaries varying with the 
individual’s classification be paid for a range of net profits from 
the minimum at which it is considered proper for the company 
to pay bonus, up to a probable maximum. Having determined 
the base bonus rate for each of these classes of executives, it is 
arranged that adjustments will be made for individual perform- 
ances. These adjustments will be modifications of the base 
bonus, either up or down, depending upon the performance of the 
individual in relation to certain fixed standards. The fixing of 
these standards is a comparatively simple procedure and will be 
outlined presently. 

The first step in the determination of executive classifications 
is to divide the executives into a number of groups, classified 
according to their importance in the organization, or the re- 
sponsibility with which each is charged. The percentages of 
bonus payable vary with the amount of profit and with the 
classification into which an executive falls. For any known 
amount of profits, the percentage of bonus for each class or group 
of executives has been established. This percentage, multi- 
plied by the employee’s salary, gives a base bonus, which is 
modified in accordance with the performance of the executive 
on the basis of the efficiency of the activities under his super- 
vision. This includes three main items: namely, direct labor, 
the expense of indirect labor, and the use of maintenance materials 
and supplies. The figures measuring each one of these factors 
are readily available, as well as the standards for each one of 
these factors; that is, the amounts of moneys which should be 
expended in proportion to the production accomplished for each 
item. In the Chrysler Corporation these figures are obtained 
through the budget-control routine, and require no computation 
over and above that ordinarily made for budget determinations. 
Each of these factors in any given department is given a weight 
in relation to the other factors so that the totals in every case 
amount to 100. For instance, in a sheet-metal pressroom, 
direct labor might be given a weight of 60, productive labor 4 
weight of 33, and supplies and maintenance expense a weight of 
7, the total of these weights equaling 100. Then an efficiency 
rating for each factor is determined by dividing the standard or 
budget figures for each expense item by the actual expense for 
the period. The result is then multiplied by the weight of that 
factor, as just given, to get the adjusted weight for each factor, 
and the sum of these adjusted weights is the resulting overall 
efficiency of operation for the responsible executive. For ex 
ample, it might be determined that direct-labor efficiency 8 
120 per cent of standard, that non-productive-labor efficiency 
is 90 per cent of standard, and that the use of supplies and mail 
tenance showed an efficiency of use of 95 per cent of standard. 
We should then multiply each one of these efficiencies by i's 
corresponding weight factor given above. In this case, the 
figures would be 72, 29.7, and 6.65, respectively, for the factor 
in question. The total of these figures, or 108.35 per cent, re 
resents the executive’s overall efficiency in the administratio® 
of his department. Next, let us assume for a certain amount of 


5 
re 
m 
th 
| in 
be 
or 
in 
ti 
th 
4 ar 
| be 
ca 
| | Tl 
an 
4 
Ri 
| au 
inc 
kn 
| at 
kn 
| bu 
| du 
( 
tio 
ex] 
| vel 
inc 
ope 
pla 
$1 
put 
wit 
of | 
; for 
ete 
the 
| of 
| pro 
| pay 
pro 
Fu 
| abo 
figu 
| 


net profit that the base amount of the executive’s bonus would be 
5 per cent of his salary. The actual bonus rate would then be de- 
termined by adjusting the base bonus rate of 5 per cent to cor- 
respond to an efficiency rating of 108.35 per cent, or by multipli- 
cation of these two figures. This resulting adjusted bonus rate 
multiplied by the executive’s salary gives the amount in dollars 
and cents which the executive will receive as his yearly bonus. 
From this it is seen that the executive has something to do with 
the amount of bonus which he receives. By properly administer- 
ing the affairs of his department, he increased the amount of 
bonus which he was expected to make, due to his position in the 
organization, by something over 8 per cent. It is needless to 
say that the amount paid the executive in bonus is quite neg- 
ligible when compared to the savings effected, when reasonable 
intelligence is used in the application of the bonus. Staff execu- 
tives, of course, whose duties do not involve either of the 
three adjusting factors of direct labor, indirect labor, or supplies 
and maintenance materials, are usually paid bonus at the base 
bonus rate for their particular class. 

There are doubtless many other forms of incentives which 
can be applied to executives and those in responsible positions 
to accomplish the results of increased economy of operation. 
The three common incentives just discussed, namely, promotion, 
personal recognition, and bonus, are merely examples of the 
more prominent expedients that may be adopted to bring latent 
and dormant energy to the surface and convert it into company 
profits. 


RELATION OF PropucTION VOLUME TO EXPENSE OF OPERATION 


It is becoming more and more the practice, especially in the 
automobile industry and other higher competitive manufacturing 
industries, to recognize the effect that ups and downs in production 
volume have on the expense of operation. It is of course well 
known that at times of curtailed output it is always advisable 
and sometimes necessary to retain a skeleton organization which 
at such times does not work at high efficiency. It is also common 
knowledge that as production increases, expense also increases, 
but at a slower rate, so that the unit expense costs at high-pro- 
duction are usually less than at low-production rates. 

One of the methods used to show clearly the effect that varia- 
tion of output has on various expense items, is to plot these 
expenses for past months against the production of the corre- 
sponding month. In almost every case the resulting graph shows 
very clearly the reduction of unit expense item costs with the 
increase in output of the plant. For example, the unit cost of 
operating the factory accounting department in one automobile 
plant was $24 per car when the output was 4000 cars per month; 
$19 per car with an output of 6000 cars; $15 per car with an out- 
put of 8000; $12 per car with an output of 10,000; $10 per car 
with an output of 12,000; and about $8.50 per car with an output 
of 14,000. Similar variations in unit expense costs are indicated 
for other non-productive departments, such as planning, stores, 
receiving, shipping, time study, machine repair, maintenance, 
ete. This reducing effect in the cost of overhead items with 
the increase in production is likewise apparent when the relation 
of non-productive men is considered for various rates of car 
production. In one plant the total non-productive men on the 
payroll per 1000 cars produced amounted to 425 with a monthly 
production of 2500 cars. When the production was 4000, the 
number of men per 1000 cars produced was reduced to about 300. 
Further increase in production to 6000 cars per month called for 
about 225 men per 1000 cars, and at 8000 cars production this 
figure was further reduced to 165 men per month. 


STaBILIzaATION OF OuTPUT THROUGHOUT THE YEAR 


Not only in internal affairs, but also in those affecting vendors 
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and distributors of product, the standardization of output plays 
an important factor. It might be well at this point to cite some 
of the means taken by a large automobile concern to stabilize 
output throughout the year. This is a matter of great import- 
ance to the automobile industry because of the big seasonal 
fluctuations in retail sales. These fluctuations are so pro- 
nounced as to be the outstanding influence on manufacturing 
costs. This problem is the most difficult and the most serious 
one the management of the automobile industry is confronted 
with. “Standard costs” is a term that has been honored with 
much consideration recently. The author will not be contra- 
dicted when he says that the greatest influence on standardization 
in costs is standardization of rate of output. The corporation 
mentioned fully appreciates the significance and importance of 
operating its shops on an even keel, and no production program 
is completely planned until the effect on costs has been estimated. 
This procedure has frequently resulted in a shop production rate 
either greater or less than the current rate of demand, especially 
in the production of individual parts or assemblies. They do 
not hesitate to increase the inventory of finished parts if by so 
doing a float or bank is created which at a later date obviates 
the necessity for operating at either peak or low demand, It 
might be said that the making of this decision is facilitated by 
the operation of a budget-control procedure that very accurately 
forecasts factory burden for every rate of production from mini- 
mum to maximum. 

Efforts to standardize costs through standardization of rate of 
output should not stop with the planning of shop activities; 
since the fluctuation of factory output is controlled primarily 
by conditions in the retail field, dealer organizations may right- 
fully be asked to assume their equitable part in relieving the 
uncomfortable pressure borne by the factory during periods 
when the rate of output is over or under normal. The dealer 
naturally wishes to keep his stock of unsold products at a mini- 
mum in order to get the best turnover on his invested capital, 
but the dealer has a duty to the factory that sometimes neces- 
sitates carrying a stock in excess of current minimum require- 
ments. The policy of operating a factory in strict conformity 
with the current retail demand not only affects the cost of output 
but the quality as well, and this is a matter of much concern to 
the dealer as well as to the manufacturer. Furthermore, if a 
manufacturer equips his factory for an output that will satisfy 
the peak demand of the dealer, he is confronted with the problem 
of idle machinery throughout the greater portion of the year. 
The only solution to this problem is to keep the rate of output 
from the factory as nearly uniform as possible and to take up some 
of this irregularity in dealer stocks. 

The author would not give the impression that the company 
referred to is scheduling production so as to set up this uniform 
rate arbitrarily and then force this output upon the dealer. As 
a matter of fact, the rate of output does fluctuate reasonably with 
the field conditions. But this predetermination of ideal schedules 
opens the way for the factory to study retail-sales fluctuation 
more intelligently and to work out with the dealer a more satis- 
factory plan which to a large extent at least, will relieve the shop 
of much of the expense incident to changes from one extreme of 
production rate to another. 


BupGetary ConTROL 


One of the most active as well as one of the most powerful 
means of controlling expense is a properly designed and vigor- 
ously operated budget-control system. The comparatively recent 
interest in budgetary control as a specific tool of management has 
come about as a supplement to other developments and improve- 
ments in the science of management. Many refinements and 
improvements are yet to be made while it is settling into its 
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proper niche in the repertory of the modern industrial manager. 
It may be well to call attention at this point to the fact that mere 
installation of budgetary-control procedure will not in itself 
regulate expenditures. Budgetary control is simply a means to 
anend. It is a tool of the industrial manager’s trade, and like 
other tools it must be designed for the work at hand in the light 
of past experience. It must be cared for and guided with a skil- 
ful hand if it is to serve the purpose of the master craftsman. 

In the operation of budgetary-control procedure it is necessary 
that many contacts be made between the departments operating 
the budget and those in the organization responsible for actual 
results. Very much depends upon the nature of these contacts 
with respect to the resu'ts which may be expected from them. 
It is probably unnecessary to say that the relation of those op- 
erating the budget to those responsible for obtaining results in the 
factory should be that of the counselor, the guide, the helpful 
team mate. Dictatorial policies of the budget-control depart- 
ment are usually met with resentment, ridicule, and finally with 
contemptuous disregard. Cooperation can be realized best when 
those responsible for expenditures are allowed a voice in the 
determination of their budgets. Such cooperation usually 
results in budget quotas that are at once sufficiently reasonable 
to command respect and encourage thrift, and at the same time 
sufficiently rigid to stimulate vigilance on the part of the execu- 
tive and prompt him to challenge every item of outlay with the 
words, “‘is this absolutely necessary?” 

Like all attempts to discount the course of future trends, 
budgetary-control procedure and budget quotas should be based 
upon the experience of the past. Undoubtedly it should be the 
more immediate past, in order to avoid the mistakes which would 
undoubtedly occur in judgments based upon data compiled when 
manufacturing conditions were different. 

As just mentioned, the mere setting of budget quotas does not 
in any way replace the necessity for strict, intelligent, and vigor- 
ous enforcement of means for the realization of these quotas 
in so far as is practically possible. Usually the type of man at 
the head of a department who would be called upon to submit 
proposed budget figures for his department would also be one from 
whom intelligent judgment on such matters might be rightfully 
expected. Furthermore, he is in a position to know the detail 
of the operation of his department, and therefore understands 
reasons which may not be apparent to the budget department 
for deviations from results which might seem in all fairness to be 
rightfully expected. It is the placing of attainable budget quotas 
before executives as guides in the operation of their departments 
and as measuring sticks for results which they are expected to 
accomplish that constitutes one of the biggest steps toward 
enforcement and accomplishment of budget quotas. 

The next move is to provide the department head with suf- 
ficient detail data to enable him to actively and intensively study 
the situation in his department with the idea of enforcing the 
desired results upon his subordinates. Accurate reports and 
information showing the relation between actual accomplish- 
ments and budget quotas are essential in this respect. He must 
know how near he is coming to the mark in order to correct his 
aim the next time. 


Metuops oF Out BupGEet ProcepuRE 


At this point it might be well to describe briefly the methods 
used by The Chrysler Corporation in carrying out its budget 
procedure. This corporation was one of the earlier large es- 
tablishments to adopt the budgetary-control method of operation. 
Of necessity its beginnings were crude, but as time has passed 
many refinements have been made in methods as well as in 


requirements imposed upon the budget scheme. Much that 
was thought necessary in the beginning has been cast aside as 
of doubtful value. Some other features not thought vital in 
the earlier days have later been developed and found extremely 
useful. 

It is very natural for a department head, who is to be held 
responsible for results which he says he can accomplish, to make 
his estimates sufficiently high to enable him to avoid possible 
embarrassment if he should fail to meet his estimate. Further- 
more, there is a tendency to set forth all kinds of excuses and 
alibis for not attaining his budget, claiming that he was not in- 
formed or that he had no responsibility in that direction, or 
that he was not consulted as to what the quota ought to be 
When a department head is allowed a voice in setting his own 
quota reasonably close and is expected to attain that quota, 
he is much more likely to give the affairs of his department the 
close scrutiny which the preparation of an intelligent budget 
quota requires. It was found from the outset that it was neces- 
sary to establish some fairly well-defined standards of operation 
for the various departments in order that the accuracy of the 
department head’s estimate could be measured intelligently. 
The first step in this direction is an exhaustive analysis of past 
performances. Statistics are compiled showing the relation be- 
tween the volume of busines; and the volume of department 
outlays, and these figures are used as a basis for computation 
of a master budget, in which is set up for each department a 
standard expense per unit for production varying from the mini- 
mum to the possible maximum. The purpose of establishing 
these units of expense for each department is to act as a general 
guide in- the preparation of budgets and as a basis for criticism 
when such budgets submitted were too far out of line. The 
master budget which resulted from this procedure was the man- 
agement’s idea of what a reasonably creditable performance 
should be. The aim was to make quotas such that they could 
be realized with good judgment and careful management without 
too great a difficulty, and to always have them backed up by 
similar performance in the past. When the department head 
understood that excessive budget requests above results which 
had already been attained required an explanation from him 
he was quite likely to give extreme care to the estimates which he 
prepared. 

When final results for the month were available, they were 
compared with the quotas established, and any deviations which 
reacted unfavorably to the department were accounted for. ‘The 
outcome of these explanations is usually a better understanding 
of the difficulties and requirements of the departments, and is 
usually reflected in more carefully set budget quotas for the 
ensuing months. In this way unnecessary expenditure 1s 
brought to light, and department heads are constantly kept 
alive to the necessity of reducing all avoidable losses to a min- 
mum. By the continual process of forcing intimate investigation 
and analysis of the operation of his department, the department 
head is educated into the essentiality of expense reduction and 
prudent authorization of department expenditures. 

While it is undoubtedly true that many businesses have pros- 
pered greatly which have never heard of “budgetary control,” 
nevertheless, it is exceedingly doubtful that these concerns do 
not practice many of the principles laid down as fundamental 
to the operation of a budgetary-control feature. It is very likely 
that much of their success, much of their ability to reduce ex- 
penditures, to cut corners, to produce in the best, quickest, and 
easiest way, is directly traceable to principles which we are now 
talking and reading about under the name of “Budgetary 
Control.” 
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Discussion 


Ff. Kuein.2- The writer's company has just completed a 
budgetary control of work expenses. While installing the sys- 
tem, we asked a foundry foreman to account for all of his indirect 
labor. We found he had incurred a number of charges of which 
he knew nothing. He was surprised to find that some men in 
the vard gang had been charging a whole day’s time for about 
an hour when he had been using them. As a result of checking 
up on their time, the yard men soon had no place against which 
to charge their time, and a reduction of foree was brought about. 

Shortly after the budget was completed, a foreman had two 
carpenters come into a department to repair some flooring. 
The job was done in about one hour. The following week, the 
foreman was surprised to find that the maintenance account was 
considerably in excess of his allowance. Upon inquiry, he learned 
that the carpenters had charged six hours apiece for the job. 
He took the matter up with the maintenance superintendent 
and found that we had too many carpenters, who were simply 
inflating each account to take care of their idle time. 

The foregoing are just little instances which occur in the 
installation of a budgetary control, and show that foremen do 
not know just what goes into the various accounts of indirect 
labor and other indirect items. As we go along with the regular 
weekly reports, we find other small leaks which will be eventually 
stopped through the continual control afforded with the budge- 
tary expense control. 

In setting up the control figure for each department, we first 
determine the 100 per cent operating capacity for that depart- 
ment. The number of different machines, or benches, or the 
other available space for productive labor is multiplied by the 
number of working hours in the week. The product is the 100 
per cent capacity in working hours. A comparison with the 
number of productive hours which are actually being worked, 
gives the ratio of the present to the 100 per cent operating 
capacity. We then take up with the head of the department the 
requirement of indirect labor under his 100 per cent operating 
capacity, and step up the percentage of indirect labor to a possi- 
ble 120 per cent or down to a possible 40 or 50 per cent, if 
those percentages are considered the maximum and minimum 
of the range of operations, and vary the indirect labor allow- 
ance according to the actual requirements under the various 
capacities. We also increase and decrease the supplies that 
are used in the products themselves, but proportionately. 
Those supplies which are used ordinarily in the maintenance 
of the department, supplies for cleaning, and those of a nature 
which do not increase or decrease proportionately, are set on a 
different basis. 


* Worthington Pump & Machinery Corp., New York. 
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When the total cost of operation under different operating 
capacities is determined, it is entered on a chart which agrees 
with the set-up of the regular monthly report of indirect expenses. 
The top of tae form shows the number of productive hours 
worked under each operating capacity. Under that is the 
percentage of operating capacity, and under that is the amount 
of money allowed for the different kinds of operating expenses. 
Thus when orders drop to a thousand from possibly 1500, we 
may call for a reduction of certain indirect men at that point. 
The tendency always is to keep indirect men in the shop in the 
hope that production will soon come back to normal, but when 
the budget shows that a reduction is in order but that it is not 
made, the foreman is required to account for his excess help, 
if the reduction is not made during the following week. 


C. W. Spicer.’ In our company we have carried budgeting 
and assignment of duties into the experimental laboratories 
and drafting room. No work is performed in those departments 
without an express order, approved by the proper executive. 
We have found that not so many drawings are asked for as 
formerly. In the experimental laboratories the work is budg- 
eted so that only the necessary work is being done, and there 
are not so many individuals seeking information on particular 
details which may not directly relate to the work of the company. 


G. R. Inceus.* The author states that the higher executive’s 
premium or bonus should be based on the earnings of the com- 
pany. The writer believes otherwise. Take any executive’s 
position and list his duties. If he is on the production side, 
he has to do with the kind of material used and the amount of 
material used as limited by scrap factors and by labor. But 
in the total cost of an item being produced by most com- 
panies, the labor on it will seldom be more than 12 per cent. 
The cost of raw material is the big item. Most executives have 
relatively little to do with the cost of raw material—the biggest 
single item going ‘nto the cost of manufacture of a product. 

Another item is the selling cost. Few executives have much 
to do with the earnings of the company. They have to do 
particularly with some one or two items rather than with a 
dozen items entering into cost. Should not those items be the 
ones to affect a man’s premium to get him more interested, 
and should not the other items affect the other man’s bonus 
likewise, rather than the earnings of the company? Prices may 
be set outside of the company, and the company may not 
have any earnings, yet there may be some man there doing 
wonderful work and deserving of a premium. 


3 Spicer Mfg. Corp., South Plainfield, N. J. Mem. A.S.M.E. 
4‘ The Charles E. Bedaux Co., Chicago, Ill. Assoc-Mem. 
A.S.M.E. 
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Economic Production Quantities 


Derivation of Formulas for Determining Quantity Which Can Be Produced at Lowest Total 
Unit Cost, Taking into Account Fixed Charges, Investment Charges on Capital Rental 
Charges, and Losses Due to Deterioration, Obsolescence, and Nature of Process 

By FAIRFIELD E. RAYMOND,! BOSTON, MASS. 


NDUSTRIAL executives and production managers are re- 
| quiring more exact methods to enable them to control invest- 

ment in inventories and to regulate production schedules so 
as to conform more closely with the variation of the business 
cycle, and to accomplish this with the most liquid condition of 
working capital. In most cases the greatest effort has been 
applied to reducing the unit cost of the product to the lowest 
possible in order to realize a satisfactory margin of profit under 
the conditions of aggressive competition evident today. Scien- 
tific methods of management have been developed in order to 
obtain all possible elimination of waste in time, labor, and ma- 
terial. However, no exact method has been established for 
determining the best quantity to be processed at any one time. 
The Economic Production Quantity is that quantity which can 
be produced at the lowest total unit cost, taking into considera- 
tion not only fixed charges on each process order, and investment 
charges on the capital involved, but also rental charges on the 
space occupied by the article when carried in stock, and losses due 
to deterioration and obsolescence and the nature of the process. 


APPLICATIONS OF THE Economic Propvucrion QUANTITY 


The law of the Economie Production Quantity provides a 
new and reliable means for directing and controlling the output 
of any industry by coordinating manufacturing and marketing 
conditions. Definite production schedules and sales policies 
can be properly established so as to anticipate the seasonal as 
well as the major swings of the business cycle. The planning 
department can be provided with actual facts expressed in the 
simplest form and based on the conditions of the manufacturing 
process involved, and schedules of work in process need no longer 
be maintained on estimates of an uncertain origin, generaliza- 
tions, and the demands of insistent customers. Management 
can maintain a greater control of working capital, only tying 
up such amounts as the actual market conditions warrant, 
thereby maintaining inventories in the most liquid condition. 
Purchases can also be controlled by the formula for economic 
production quantities by the proper substitution of terms in 
the general equation, thereby correlating the receipt of raw 
material with the demands of the production schedules and 
eliminating unnecessary charges on capital tied up in such 
inventories.? 

Moreover the type of process best suited to the manufacture 
of a given article, together with the probable machine capacity 
required, may be determined by this law. In general, processes 
can be classified according to the rate that production may pro- 
ceed in order to balance consumption, and for further discussion 
will be considered as being either continuous, semi-continuous, 
non-continuous, or batch production. The last class modifies 
the third so as to realize the advantages of the first two which 
could not otherwise be accomplished. By means of a simple 
investigation of market conditions and an analysis of the sales 


‘Crosby Steam Gage & Valve Co., Assoc-Mem. A.S.M.E. 

*The particular application of the law of the economic quantity 
‘o purchasing has been ably discussed by R. C. Davis in Manufactur- 
ing Industries, May, 1927. 

resented at the National Meeting, Rochester, N. Y., Oct. 26-27, 
1927, of the Management Division of THE AMERICAN SociETY OF 
MecuanicaL ENGINEERS. 
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demand the most seriously indeterminate factor of consumption 
can be reduced to a reliable and practical basis. 

Although the ideal formula is complicated in appearance, it 
expresses the true relation of the fundamental facts, indicating 
the influence of each of these facts on the others, and establishes 
the economic law in a mathematical form. Mechanical means of 
solution such as slide rules, graphs and nomographic charts, 
can be developed, especially when the particular type of industry 
is known, which will shorten the time of calculating the economic 
production or purchase quantities. 


MATHEMATICAL EXPRESSIONS 


The law of the economic production quantity can be expressed 
mathematically in two forms, one exact and one approximate, 
and may be written as follows, showing the respective relation 
of the fundamental components: 


—Fx 
I s + I u + J 
+ PX + (Exact form) 
and 
= pproximate farm 
where (2 = economic production quantity (pieces) 
F = fixed or preparation costs (dollars) 
P = rate of production (pieces per day) 


y” & Y’”’ = expressions representing the sales or demand 
(pieces per day) 


I,’ &1", = expressions derived from J, representing 
the investment charge on inventories 
(dollars) 

I’. & = expressions derived from J. representing 


the investment charge on work in 
process (dollars) 


V’& V" = expressions derived from V representing 
the rental charge on the storage space 

(dollars) 
k’, = coefficient representing the conditions in- 


volved in withdrawal of finished articles 
from stock to meet the sales demand. 


It will be shown in the derivation of these various expressions 
that the other fundamental factors, such as variable sales demand, 
deterioration, and obsolescence are included in these final com- 
ponents as well as those factors which apply to the nature of the 
process or type of industry. These formulas for the Economic 
Production Quantity Q are derived by differentiating the 
total unit cost U with regard to Q and equating the result to 
zero, a8 Q must be by definition that quantity which is produced 
at a minimum unit cost. The total unit cost U is composed of 
the direct production cost c’ of material, labor, and overhead, 
and the unit allotment of the preparation cost F'/Q, the invest- 
ment charges on inventory J,/Q, and on work in process J/Q. 
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the rental charge for the storage space V/Q, and the loss involved 
by deterioration of articles in stock D/Q. This can be written 
mathematically as 
U Q + Q + Q + Q Q 

The exact solution requires that the cost of the finished article 
held in stock when applied to the expressions J, and D be the 
total unit cost U, whereas the approximate solution assumes that 
the cost of the finished article in these two expressions is only 
the manufactured cost of such article when received in stock 
which amounts to c’ + (F/Q). In most cases when the law of 
the Economic Production Quantity is actually applied to a 
problem in an industry the approximate formula is used as it is 
sufficiently accurate and the time and labor saved in employing 
the shorter form far outweighs the slight increase in accuracy of 
the results if calculated from the exact formula. The error in 
the results between the two formulas is negligible in the long run, 
except when Q is very small, as the natural error in estimating 
an average or representative demand figure Y will wholly 
counteract this discrepancy.® 

The theoretical formula for the Economic Production Quantity 
in the approximate form and including all contributory factors 
and coefficients may be written as follows: 


steady flow can be maintained to follow closely the sales demand, 
and the stock held of finished articles need only be sufficient to 
take care of an emergency. In the case where the demand 
fluctuates due to seasonal variations it may be necessary to 
maintain additional articles in stock in excess of the reserve 
stock to smooth out irregularities in the demand, and this will 
require a larger inventory. Either of these conditions, however, 
is preferable, in the light of final costs, to intermittent periods 
of production. 

To the second type of industry belong those having a more 
varied line of products and a diversified sales demand and to 
which continuous production cannot be applied in full as the 
number of units produced would exceed the sales. It may, 
however, be applied in part, production then proceeding at a 
semi-continuous rate. The nature of the process is such that 
the articles can be manufactured at a continuous rate for a stated 
period and withdrawals from work in process can be made to 
meet the consumption during that period, the remainder of the 
work in process being then placed in stock to supply future de- 
mands. Provision must be made for a larger stock to be carried 
than in the first case, which naturally increases the investment 
in inventory. The production periods for the same article 
are repeated at intervals; meanwhile the machine equipment is 
shifted to the production of other articles of a related nature, 


FP{20Y.— + Y’-(f— 1)i}} 
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Even such an equation, at first thought, is open to criticism on 
the ground that it is purely theoretical and too complicated for 
the average industry, and will require too much energy and time 
to solve when it must be applied to a large variety of lines and a 
correspondingly larger number of component parts. However, 
upon further investigation considerable simplification is possible 
when applied to a given type of industry, as the various items 
may be divided into groups, several of which are general in their 
application and will reduce the formula to one having but a few 
special items. All terms may be arranged in four groups accord- 
ing to the influence of 


a Production or consumption rates 
b General economic values 

c The specific process 

d The individual part. 


The resulting special formulas will be comparable to such 
similar ones as have been developed for a specific industry with- 
out regard to the problem as a whole. Accordingly with the 
application of mechanical means of solution as previously sug- 
gested the universal use of the law of Economic Production 
Quantity is quite practical. 


Types or INDUSTRIAL PROCESSES 


In applying the law of the Economic Production Quantity 
to actual conditions it becomes necessary to divide industries 
as a whole into four types depending upon the nature of the 
processes involved. To the first type belong those industries 
which are fortunate in being able to obtain the ideal manufactur- 
ing conditions and can arrange groups of machinery or processes 
which will produce continuously, thereby eliminating set-up 
costs and bringing supervision and maintenance costs to a min- 
imum. By a proper balancing of the units of production a 


3 The practical limits of use for the approximate solution are ex- 
cellently discussed in an article by George Pennington, published in 
Manufacturing Industries, March, 1927. 


(Approximate solution) 


and will be again used to produce the original article when the 
quantity in stock has reached the order point. 

The third type of industry can in no way take advantage of 
continuous production, and therefore no material can be with- 
drawn from work in process to meet sales until the whole number 
of articles being processed is entirely completed. The inventory 
problem now becomes more complex as the entire number of 
finished articles must be placed in stock before they are available 
for consumption, and a definite order point with its minimum 
stock must be maintained, as well as a reserve stock to be used 
in case of emergency. However, if the various operations com- 
posing the process can overlap, groups of articles can be processed 
in such a manner that as soon as the first group or batch comes 
off the last operation it can be withdrawn from work in process 
and placed in stock, thereupon being available to meet con- 
sumption. By this means the industries in this class can approxi- 
mate the condition of industries of the second type, and will be 
considered as operating on the principle of batch production. 
As in the second case, the machine equipment is shifted from one 
process lot to another, each lot being composed of similarly re- 
lated articles, until it is time again to replenish the stock of the 
original article. 

A fourth type of industry is represented by the job shops where 
all articles are produced in small or unrelated quantities at 
irregular intervals or are never to be produced again. The 
preparation and supervision costs amount to a large proportion 
of the unit cost, and no stock is kept in stores as the completed 
lot is immediately shipped to the customer who assumes the 
storage responsibility. 


ANALYsIS oF Facrors 


Following out this grouping of the various types of industry, 
an analysis can be made of the theoretical formula [1], which 
will demonstrate the influence of each term on the result and 
establish the limits within which such terms may be varied by 
specific conditions. For example: 
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a If the production rate P is omitted from the formula, no 
allowance has been made for the effect of the manufacturing 
period on stores, or the expression for Q is being used to control 
purchases. 

b If the consumption rate Y appears to be zero, no definite 
sales demand exists, individual orders are received for stated 
quantities, and shipments are made as specified. No applica- 
tion of the principle of economic production quantities can be 
made under these circumstances, as the industry is a jobbing 
shop of the fourth type. 

c If the stock coefficient k is zero, no stock is held to offset 
the sales, as the conditions are the same as above. If k equals 
one-half, the consumption is uniform; if k is less than one, but 
not equal to one-half, the consumption rate is variable; and if k 
equals one, there is no consumption, and the industry is perform- 
ing a storage function, such as a warehouse, and maintains the 
articles in stores for a definite period of time. 

d If the reserve stock factor f is zero, the industry is operating 
on continuous production, if f is less than one, a small minimum 
stock is held—insufficient, however, to cover the consumption 
during the manufacturing period up to the first delivery to stores 
from work in process; if f equals one the full requirement for the 
minimum stock exists, affording complete protection during the 
manufacturing period; and if f is greater than one, a reserve 
stock is also maintained to meet emergencies. 

e If the preparation cost F is zero, the industry is operating 
upon continuous production, and if it has a finite value the in- 
dustry is operating upon the principle of economic production 
quantities, 

{ If the production cost c’, including material and labor, is 
zero, the industry is performing a service and is not producing 
a finished product; but if c’ equals m (the material cost), all the 
labor is applied to preparing the process which takes care of 
itself when production begins. This condition would exist in 
a chemical industry, where no direct labor is added to change the 
condition of each unit, and where the labor cost is independent 
of the units produced. 

g If the batch factor n is zero there is no production, and the 
formula for Q is used to control purchases, except where partial 
shipments of raw material are made over a period upon a single 
purchase order. If n equals one, all articles are produced in one 
lot and delivered to stores at the end of the manufacturing period; 
ifn is greater than one the production is intermittent, and each 
lot is divided into batches; if n is infinite the production is con- 
tinuous, 

h_ If the operation factor a’ is less than one, the various opera- 
tions overlap and all lots are divided into batches; but if a’ 
equals one, the special case exists where all operations follow in 
sequence, ¢, equals t’, and if they are considered as one operation, 
4 equals t’ equals T>. 

t If the coefficient of obsolescence @ equals unity no allowance 
is made for this condition; if @ is less than one the quantity 
manufactured will be insufficient to meet the current demand, 
showing that the factor has been wrongly determined; if @ is 
greater than one, the fractional part of the remaining demand has 
been properly distributed to meet the full requirements up to the 
time of obsolescence. 

j If the coefficient of deterioration A equals unity, no allow- 
ance is made for this condition; if A is less than one, deterioration 
is properly accounted for. 


EXIsTING FoRMULAS 


Simple expressions for the Economic Production Quantity 
have been developed from time to time to meet the requirements 
of a specific industry, but no one of them includes all the factors 
Which govern the problem, so that none of these can be used as a 


general formula embracing all conditions that could possibly 
arise. The most common forms that exist are: 


2FY, 
Q = * (Approximate form) 
and 
F F\? 2FY 
Q=—-+ + —— (Exact form) 
c c 
where Q = the Economic Production Quantity (pieces) 


F = preparation costs (dollars) 


Y, = demand (pieces per year) 

c’ = direct cost, including labor, material, and over- 
head (dollars per piece) 

i, = the investment-rate charge composed of an 


interest rate, the storage charge distribution 
rate and a rate representing the unit allotment 
of taxes, insurance and general expenses 
(per cent). 


The most common variations appear in the terms Y and i, as 
the period of time may be expressed in terms of days, weeks, 
months, or years, with appropriate corrective factors. It also 
has been the practice to express the number of pieces in units of 
thousands. 


DETERMINATION OF THE ULTIMATE Unit Cost 


The actual determination of the ultimate total unit cost of any 
part or article or class of product depends upon two fundamental 
factors. The first, representing the direct cost of material and 
labor, with an overhead allowance, is common to all cases and is 
specifically governed by the laws of scientific management. The 
second, representing the investment charges on capital involved 
in work in process and in inventory, and the rental and mainte- 
nance charge on manufacturing and storage space, which in- 
crease in importance as the production methods become less 
flexible and more unlike the ideal conditions of continuous pro- 
duction, has been a study for financial experts and accountants. 
In order to balance inventories with sales demand and control 
inventory values, which should not exceed the accepted relation 
of approximately 25 per cent of the total capital worth, these 
factors must be expressed and combined in a relation representing 
the total unit cost of any product which can be solved for its 
Economic Production Quantity. 


MANUFACTURING Cost 


The production cost of an article c’ is composed of the unit 
material cost m, plus the unit labor cost 1, plus the unit allotment 
of overhead on operating time o, and can be expressed by 


=m+Ii+o 
or 


= m + Zh(di + do) 


if the labor and overhead items are reduced to terms of the sum 
of all the production time per piece h, the hourly labor rates d,, 
and the burden rates dy of each department involved. 

The preparation cost F is a fixed charge against the whole 
order irrespective of the number of parts produced upon the 
order, and is composed of various factors which include the 
expense of specification writing and drafting-room work (D) 
peculiar to each order, planning and scheduling of the order (G@), 
issuing of the order (QO), tool preparation (7) including special, 
tools, and machine set-up (S). It cannot be reduced to a unit 
value independent of the quantity Q and therefore must be 
expressed by 

F 


Q Q 
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The manufacturing cost c includes the cost of production with 
that of preparation, and when reduced to a unit cost may be 
expressed by 
c=c'+ 4 
Q 
This equation is not a straight-line function and approaches 
certain asymptotes as limits (Fig. 1) when plotted with quantities 
of production as abcissas. 


INVESTMENT CHARGE ON INVENTORY 


The investment charge J, on capital involved in inventories 
is quite a complex factor as it depends upon the average quantity 
in stock S, for a given sales period 7’,, and is the result of balanc- 
ing the demand with a reasonable production schedule, to which 
is applied an interest rate 7 also composed of several factors, 
together with either the total unit cost U’ or the simple manu- 
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Fig. 1 MANUFACTURING Cost (c) 


facturing cost c, depending on whether an exact or approximate 
solution is desired. Accordingly the expressions for the invest- 
ment charge on inventory can be written (see Fig. 2). 


I=S.xXcxtixtT, (Approximate form) 


= fg MT, (Exact form) 


These expressions are straight-line functions of the production 
quantity Q and the cost c or U in terms of dollars, and, when 
plotted with Q as abscissa and c or U as ordinate, show that the 
investment charge increases steadily as the quantity of pro- 
duction increases. 


LENGTH OF Sates PERIOD 


Before the expressions for the average stock can be derived it 
will be necessary to consider the terms representing the sales 
demand and the length of the sales period. Sales records of 
previous years when referred to will give ample data for deter- 
mining the necessary figures for the consumption rate; however, 
as this is usually expressed in terms of pieces per year Y’’,, it 
should be reduced to a common factor of pieces per day Y’a as 
an average for the year. This method takes no account of 
seasonal fluctuations or the general trend of the industry which 
will of necessity be considered later on, and for the present only 
an average demand Yq, in terms of pieces per day, will be used. 
The duration of the sales period 7’, expressed in days is not an 
independent variable as it is controlled by its relation to that 
quantity Q chosen as the most desirable to manufacture in order 
to meet the consumption during this particular unit of time, and 
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cannot be reduced to an exact value until the actual value of the 
production quantity Q is economically determined. From the 
foregoing discussion the following expression may be derived: 


Q = YaT, 


for the quantity Q was produced to meet the demand Y, X 7, 
and must be exhausted when the period 7, is at an end. 


Hence 


Q 


AVERAGE STock 


The form of the expression for the average stock Sa depends 


Values of [gs 


Values of Q 


INVESTMENT CHARGE (I/,) 


Fig. 2 


Values of Q@ 


Values of T 


Semi-ContTinvous Propuction, Unirorm 
Demanp—Case II 


Fie. Stock CurRvVE: 


upon the type of industry in question. In the case of the first 
type operating at continuous production, 


as there are no periods without production during which stock 
need be maintained to meet sales. In the case of the second type 
of industry, where continuous production proceeds at stated 
intervals, there is a time when articles are withdrawn directly 
from work in process for which it is necessary to make an allow- 
ance. The final quantity in stock at the end of the production 
period is equal to the production quantity Q less the number of 
articles withdrawn during that period, which can be expressed by 


q= Ye XT> 


where 
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and represents the time required to complete production. The 
expression for the average stock then becomes 


Ss = (Fig. 3) 
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where k = the coefficient '/, applied to articles in stock. 


The effect of the allowance for the manufacturing period is to 
reduce the investment charge, but this advantage can be realized 
only if production can proceed continuously throughout the 
manufacturing period (Figs. 4 and 5). In the case of the third 
type of industry where there is no possibility of withdrawing 
articles from work in process, as all articles are manufactured 


OP = Order Point 


Quantity 


Fic. 4 Savina sy Semi-Continvous Propuction over Non- 
Continuous Propuction, Unirorm Demanp—Case II 


OP = Order Point 


Quantity 


Time 


Fig. 5 Savinc sy Semi-Continvous PropucTion Non- 
ConTINvOUS PRODUCTION, VARIABLE Demanp—Case II 


before the sales period begins, the expression for the average 
stock becomes simply 
Yo x T. 


2 
=QXk. (Fig. 6) 


However, as indicated previously, if it is possible to apply 
the principle of batch production to an industry of the third type 
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a considerable saving in investment charges in inventory can 
be made. This can be accomplished if the production lot be 
subdivided evenly into a number of batches. The size of each 
batch is determined by the number of pieces which can be carried 
in a group from one operation to another, so that each operation 
overlaps the other, reducing the total production time once it 
has been set up, and can be continuously maintained. Accord- 
ingly, once production has begun at a rate P, batches will be 
completed at uniform intervals, and thereupon will be available 
to meet withdrawals from stock. In other words the principle 
of batch production approximates the principle of continuous 


Values of Q 


SO "S=0 


Values of T 


Fie. 6 Stock Curve: Non-Continvovus Propvuction, UNirorm 
Demanp—CaseE III, 


Quantity 


Fic. 7 Detivertes To Stock rrom WorK IN Process—CaseE III, 


(Db = batch production; De = continuous production.) 


production (see Fig. 7), and if an infinite number of batches are 
arranged it becomes continuous production. Batch production 
has the advantage of reducing: first, the time required between 
the order point and the withdrawal of all stock; second, the 
minimum stock required; third, the average stock in stores 
during the remaining part of the production period, where it 
overlaps the sales period; and most important, the total invest- 
ment charge. The resulting effect on the stock is shown by 
Figs. 8 and 9. 

The method of evaluating the average stock is quite evident 
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from inspection of the conditions as illustrated in Figs. 10 and 11, 
and can be written 


Ai— A: 
T. 
where A, = QkT, and 
1 
n 
A; = QT, 
OP=Order Point 


Quantity 


Time 


Fie. 8 Savina sy Batcu PropvuctTion ovER Non-ContTINvovus 
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Fic. 9 Saving By Batch PRODUCTION OVER Non-ContTINvovus 
VARIABLE Demanp—Cask III, 


Substituting these terms in the above equation and reducing, 


Se = 2 


kT,.—T> 


= Qk., where k, = 


Again for industries of the fourth type the value S. of the 
average stock is zero as the storage obligation does not exist. 

A general expression for the average stock may be written 
with a new coefficient k, which will represent the condition of the 
inventory in any kind of industry; hence if 


k, = \ kP—Y.———_ 
2 
Se = Qk, 
RESERVE STock 


In certain types of industry where an unforeseen change in 


the demand might arise, it is advisable to maintain a reserve 


stock in excess of the stock required to meet the expected con- 
sumption, and this phase of the problem has been discussed hy 
R. C. Davis in Management and Administration, April, 1925, 
wherein a formula was developed which included this item. In 
deriving the expression for the average number of articles in 
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Fig. 11 Batcn Propuction: DETERMINATION OF AVERAGE STOCK, 
VARIABLE Demanp—Casz III» 


stock throughout the turnover period, the total reserve stock 
S’, is taken as including the stock on hand at the order point, 
or the minimum stock held to offset consumption S, during the 
manufacturing period, and the special reserve stock for emer- 
gencies S,. The relation of these items is illustrated in Fig. 12 
and can be rewritten in a form similar to those used in this paper’ 


8’, = Be S, and S; = S'’, — Sea 


As S, and S’, are arbitrary quantities they can be expressed i 


am 
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terms of the definite quantity S, by applying a coefficient f, 
and then the relations become 


S’, = Smf 
= Sa(f— 1) 


As long as the minimum stock does not exceed the total reserve 
stock the coefficient f is greater than one, and the term (f — 1) 
is positive, showing that there is a quantity remaining indefinitely 
in stores to meet emergencies. However, if for some reason a 
change in the demand has caused an excessive withdrawal of 
articles from stock, the total reserve stock may be reduced so that 
S’- becomes less than S,, and then the coefficient f is less than 
one, and the term (f — 1) becomes negative. This shows that 
the minimum stock allowance will not last through the normal 
production period, and that production on a new lot must be 
commenced at an earlier date, due to the fact that the order point 
has been advanced by the withdrawal of an extra quantity which 
would otherwise have met the consumption up to the end of the 
turnover period 7. It is doubtful whether any actual applica- 
tion of the negative value of the term (f — 1) would arise, as all 
calculations for the economic production quantity are made 
from known conditions and the negative value would only appear 
from some sudden and unexpected change in the demand. If 
such a change can be foreseen it can be accounted for naturally 
in the original estimate for the average daily demand rate Y, for 
the consumption period by the method of forecasting, as will be 
outlined later under the topic of variable demand. To complete 
the derivation of the terms S’, and S, it is necessary to obtain 
the quantity S,, in stock at the order point, or that quantity 
which is required to meet consumption during the initial periods 
of production before withdrawals can be made from work in 
process. 


Sm = 
= Q—Y’ 
where T, = 7,— 7, and 7, is the time required, in advance of 
the end of the period 7,, for the production of a new lot or batch. 
Then S’, = fQ—Y',) 
= f—1)(Q— 


From’ this the expression for S, can be obtained by the same 
procedure that was employed above, but where 


A 
Ss. = (Fig. 13) 


and (A; —A 2) = Qk Ts 
As = 
Then Se Q(ks + 1) 1) 
Should the conditions for variable demand exist the value of S,» 


can be derived from the general expression of the stock curve as 
given later, as follows: 


Tr 
Sa = of YdT 
0 


INTEREST RATE 


The interest rate i charged against capital invested in inven- 
tories represents that rate of return expected from working capital 
which is actively employed, and may amount to as much as 20 or 
25 per cent a year, which should then be reduced to terms of days. 


INVESTMENT CHARGE ON WoRK IN PRrocEsSs 
In practically all previous determinations of the Economic 
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Production Quantity no consideration has been given to the 
investment charge upon work in process. During production, 
labor, with its accompanying overhead charge, and material are 
being so combined that at any given time there is a definite 
amount of capital Cy invested in work in process, depending 
upon the degree of completion that has been attained up to that 
instant. Accordingly, the investment charge upon this capital 
can be expressed generally by 


Ie a 


where 7. equals the interest charge on the capital and T', equals 
the time over which the capital is employed in work in process. 
At continuous production the value of Ce is a constant and 
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Fig. 13. DETERMINATION OF AVERAGE STocCK WITH RESERVE STOCK 


never alters as the degree of completion of the average number 
of articles remains the same, one piece being started for each 
one completed. 

Batch production, however, is so composed of a series of re- 
lated operations, each having progressed to a different degree 
of completion at any instant, that the capital being invested in 
work in process is always increasing until production ceases. 
This can be well illustrated by Fig. 14. 

Therefore it becomes necessary to determine the average 
amount of capital that is devoted to work in process throughout 
the manufacturing period. The average unit value of each batch 
can be expressed at any instant as 
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The number of pieces in a batch is Q/n, where n is the number of 
batches and the cost per batch at any instant is 


c"Q/n 


However, in order to determine the total investment charge all 
batches are completed in time 7'p, and therefore the degree of 
completion factor is unity and the average value factor ka = 1/2. 
The cost per batch can thereby be expressed as 


n n 2 


The cost of the entire lot of n batches, or the capital involved in 
work in process, 


Operation Numbers 


Batch Numbers 
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Fic. 14 THe SEQUENCE OF OPERATIONS 


KEY 
Cost of Material. (m) 
SSS= of Labor and Overhead. h«(dp +d,) 
= Cost of Set-up. (F) 


[Batch Numbers 
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Fie. 15 Tue INcREASE In VALUE DurinG WorkK IN PRocEss 


Cy = + + 
n 2 


or = Qc'kp 


where kp = c”/c’. The time over which the investment charge 
applies is equal to the production time for each batch, including 
all operations, and will be designated by t’. The time required to 
complete the first operation (¢,) is that which separates the start of 
each batch. By inspection of Fig. 15 it will be noticed that 


Tp =U + (n— 


If = a,t’ where a= 
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T> 


T> 


1 + an— aq, 
or t 
a 


where a’ = (i + a:n —a;). The expression for the investment 
charge upon capital involved in work in process becomes 


T 
Fe = Qc'kpie 
a 


The interest rate 7» applied to the capital in this equation is the 
same as used for inventories. 


Space CHARGE ON INVENTORY 


Previously the investment charge i, on articles in stores has 
included several items, one of which represents a space charge 
based on a factor composed of rent, taxes, insurance, light, heat, 
etc., allotted to the stores department. This space charge shoul: 
be separated from the investment charge as it depends on factors 
quite distinct from those governing the latter. In a paper 
published by R. C. Davis in Manufacturing Industries, August, 
1926, a burden rate is applied to the space set aside for storing 
the maximum number of articles required to meet the con- 
sumption in any given turnover period, and the true space charge 
can be expressed in terms corresponding to those used in this 
paper as follows: 


V = S,BoT 


where S,; = maximum quantity that will be held in stock at 
the end of the manufacturing period 
B= space occupied by each unit 
v = factor representing the unit charge per day per 
cubic foot of space occupied 
T = period during which such articles are held in stock. 


The maximum number S, of articles in stock, to which the 
factors for the space charge must be applied, is equal to the total 
number Q of articles manufactured, minus the quantity with- 
drawn to meet the demand throughout the production period, 
plus any articles held as a reserve stock to meet emergencies, 
and can be expressed as: 


Ss = Q—q+S, 


where the terms g and S, are the same as previously derived. 
Accordingly this expression may be reduced, by substituting 
the proper values for each term, to: 


Pf— 


+ (f—1)Y, 


The time T over which the space charge is applied is naturally 
equal to the length of the turnover period 7, for any given 
production quantity Q, and as 7, = Q/Y. the final expression 
for the space charge becomes 


Bel. 


However, if the space charge is applied to conditions where § 
variable demand exists, as will be discussed later, the expression 
for the maximum number of articles S, must be derived in a differ- 
ent manner. In this case (see later paragraph), the stock on hand 
at the end of the manufacturing period Sy is equal to 
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Sp =Q YdT 


=Q—Y'p 


By substituting this expression for the terms (Q — q) in the pre- 
vious equation, the value for the space charge can be written as 


DETERIORATION 


Certain classes of products will deteriorate to a greater extent 
than others if kept in stock for too long a period or under un- 
suitable conditions. The loss incurred from such deterioration 
is justifiably chargeable against the total cost of the lot, and 
should be evenly distributed as an additional charge on each 
unit. Deterioration cannot be accurately calculated and must be 
estimated from experience; however, if expressed in the form of a 
ratio and applied as a percentage coefficient to the production 
quantity, @ sufficiently accurate factor will be available for given 
conditions. Should conditions change such a factor must be 
altered to suit. Whenever deterioration is a vital factor experience 
will give reliable data. Deterioration is peculiar in one respect 
that it not only is a loss and an additional charge on each unit, 
but also requires an increase in the production quantity to make 
up for that loss without reducing the number of articles in stock 
below an amount supposedly great enough to satisfy the demand 
throughout the full period. The coefficient for deterioration 
may be expressed by 


where Q, equals the number of articles required to meet the 
demand Y.7, in the period 7,, and Q. equals the Economic 
Production Quantity. Hence 


= Qs = Qe Qu 


where Qu is the number of articles that deteriorate or are a total 
loss. The value of this loss depends upon the solution, whether 
approximate or exact, for the economic production quantity. If 
exact the loss D becomes 


D = 
= Q.(1— AU 


If approximate, 


F 
=Q.(1 — 


The value for the sales period must be altered to suit the first 
relation and becomes 


and this form must be used when deterioration is included in the 
general formula. 
OBSOLESCENCE 


Obsolescence is an important factor which can affect or limit 
the production quantity markedly. If the turnover period 
extends beyond a certain limit it is quite possible, in certain lines 
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of industry, to find that the demand will suddenly cease or alter 
due to seasonal conditions, improvement in design, or the whim 
of the customer. Therefore such articles as are not sold at that 
time will have no market and will remain on the manufacturer's 
hands indefinitely, unless scrapped for whatever value they may 
have. If the conditions involving obsolescence are known be- 
forehand, the quantity to be produced becomes limited by a time 
factor, provided the normal sales period is greater, and can no 
longer be determined upon the principle of economic production 
quantities. This is due to the fact that the turnover period is 
not an independent quantity but depends upon the demand and 
the number of pieces produced and placed in stock. The quan- 
tity Qe to be produced to meet these conditions can be expressed 
by the relation 


Qe = 


where 7’, is the time at which obsolescence commences. 

However, if this time limit is sufficiently remote, and yet ap- 
proximately determinate, so that two or more turnover periods may 
pass before obsolescence becomes effective, it is possible to apply 
the economic production quantity methods to this case. The 
result is that each turnover period is slightly extended so that 
practically the remaining time is divided into a given number of 
equal periods, the quantity produced in those periods being the 
nearest possible to the ideal production quantity. Again it is 
advisable to express the obsolescence factor as a coefficient of the 
economic production quantity as its exact value is never known. 

If Y’.» is approximately the number of pieces that can be 
sold, and Q, is the unrestricted economic production quantity, 
the number of whole turnover periods will be represented by 


Yes 
Qe 
The coefficient of obsolescence can then be expressed as 
Y'on/n’ 
n'Qe Q. 


As the only effect of obsolescence is to alter the number of pieces 
to be produced in a given period, it will appear only as a corrective 
factor applied to the time value of the turnover period. Hence if 


Y.T. = Q. 
Y’es 
Y.6T, 6Q. = 
n 
but = Qos 
hence T, = = 
Y.0 n’ 


This expression should be substituted for the usual expression 
for T, in the total unit cost and solved for Q.» which replaces Q 
throughout without further change in form. 


VARIABLE DEMAND 


The rate of consumption or sales has of necessity been assumed 
as a definite or average amount for a year which has then been 
reduced to terms of a month, week or day to suit the requirements 
of a given formula. This practice only approximates the actual 
conditions in an industry as it takes no actual account of the 
seasonal variations in the demand nor of the major trend in 
that industry except as the yearly average may be arbitrarily 
changed. Therefore it is important that some definite method be 
established which will permit a correction of the demand factor 
to suit the changes from season to season. In certain parts of the 
year the demand will be great and in others it will be less, and 
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unless the formula for the Economic Production Quantity can 
take into account such differences, it will not represent that 
quantity which can be produced at the lowest possible unit cost. 
This stands to reason because too many articles may be produced 
at a time when the demand is slack and the investment and 


Jan.. Apr. June Sept Jan. Apr: 


Sales per Day 


Turnover Periods 
Fig. 16 Tue Dairy Demanp Curve (FY) 
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Jan. 


Sales per Day | Cumulative Sales 


Turnover Periods 


Fie. 17 THe Cumutative Demanp Curve (Y’ = JS YdT) 


storage charges on the finished articles in stock will be increased 
as they will remain in inventory for a longer time and the addi- 
tional charge cannot be absorbed elsewhere. The converse 
will be true if the demand in a given period increases, so that an 
unnecessary additional process lot may be required which will 
involve a further expenditure of working capital sooner than or- 
dinarily expected. 

A solution of this problem is to be found through forecasting 
the volume of business for the immediate future. Considerable 
study has been made along these lines and it has been proved 
that reliable information and data can be obtained for determin- 
ing the prospective demand for any period. The methods of 
making such an analysis do not concern us here as many valuable 
articles and books have been written on this subject, and the 
reader is referred particularly to two books by Mr. Joseph H. 
Barber of the Walworth Co.: Budgeting to the Business Cycle, 
and Economic Control of Inventory. The mathematical analysis 
based upon this work will show how the proper corrective factors 
may be introduced and applied to terms already existing in the 
formula for the Economic Production Quantity. The actual 
determination of these quantities involves independent calcula- 
tions. 

By the method of forecasting a typical curve may be obtained 
which will show the probable number of articles Y that can be 
sold on any day throughout the year, which can be expressed by 


Y = f(T) (Fig. 16) 
=a+b07 +c7T?+dT*..., ete. 


- From this, it is possible to determine the total number of artic!es 


Y’ required for any period which extends for a time 7’, by calvu- 
lating the area under the demand curve, so that 


T 
Y’ = I YdT (Fig. 17) 
0 


When T' becomes equal to 7’,, this quantity represents the num!«r 
of articles that must be placed in stock to meet the requirements 
of the consumption period and naturally must equal the Economic 
Production Quantity Q. 

The expression which represents the changing condition in the 
stock as finished articles are withdrawn from inventory and 
applied to shipments may be written for any instant of time 7’, as 


4 
S =Q— f YdT (Fig. 18) 


The average stock factor k represents the rapidity with which 
articles are to be withdrawn, and is a function of the shape of the 
stock curve S. If withdrawals are greater earlier in the period 
than near the end, the curve S is concave upward and the value 
of k will be less than '/;; if the greatest withdrawals occur near 


Values of @ 
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Fie. 18 Stock Curve: Non-Continvovus Propuction, VARIABLE 
Demanpo—Casz III 


the close of a consumption period the curve S is convex upward 
and the value of k will be greater than '/,. The correct value for 
k may be calculated as follows: 


k= (Fig. 19) 


T 
(Q— Y’r)dT 
Ss = 


T 


where 


and represents the average ordinate for the curve S between 
the limits of 0 and 7. 

The expression for 7, when variable demand is to be con- 
sidered can be derived from the fact that at the end of the con- 
sumption or turnover period, when 7 becomes equal to 7. 
the entire number of articles manufactured have been completely 
withdrawn from stock so that S equals zero. Hence 


Ts 
-o— YaT = 0 
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Ss 
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Ts 
yaT 
T. 


T. 


but if Yes represents the average demand per day for a given 


period, it is equal to 
Ts 
YdT 
0 


T. 


and can be substituted in the above equation so that 


= 

Yos 
It will be noticed that both the terms k and 7, are dependent 
variables upon Q and cannot be reduced to numerical values 
until Q has been determined, as each requires an independent 
solution. However, a close approximation can be reached by first 
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Fic. 19 Vartations tn Stock Curve AND AVERAGE Srock, 
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determining Q for constant demand and solving for 7, under 
those conditions. Then by substituting these values in the 
appropriate equations above, reasonable values for S, and Yas 
may be obtained, from which the desired values for k and T, 
for conditions of variable sales may be calculated. 

This mathematical analysis is perfectly justifiable and illus- 
trates further certain underlying factors; however, if the mathe- 
matical expressions for these factors be incorporated in the general 
formula for the Economic Production Quantity Q, the resulting 
equation will be so complicated that the solution will be of little 
Practical value. 
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EXPRESSIONS FOR THE Unit Cost 


Accordingly the Total Unit Cost of producing and storing 
manufactured articles is equal to the sum of the various cost 
charges derived in the foregoing paragraphs, and may be written 
in the following two forms, showing the relation of all items. 


ce + 


Q Q/) 


Qc'i Q vB AQ Pf — Ya (1/n)] 
+ Q kp + E P »| 


+ (Approximate form) 
Q 


Values of U 


Only this 
Portion of 
Curve used 


Y 
Values of Q 
Fie. 20 Uxtimate Unit-Cost Curve, Exact Form 
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Fie. 21 Untimate Unit-Cost Curve, APPROXIMATE Form 


 F Ue +f—1)— Y'-(f—1) ,, 
Q Q TA 
Q vBAQ| Pf—Ya[1—(1/n)] 
+ Gor. E —Y,(f »| 
ae (Exact form) 


ANALYSIS OF FoRMULAS 


A graphical analysis of these equations shows that the effect of 
adding the terms /,/Q, I./Q, V/Q, and D/Q to the manufactur- 
ing cost [¢ = c’ + (F/Q)] alters the position of the curve c as 
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described in an earlier paragraph so that the resulting curve for 
values of the ultimate unit cost U plotted with Q for abscissa 
approaches, in the case of the exact solution, asymptotes parallel 
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Fig. 22. INVESTMENT AND STORAGE CHARGES 


to the Y-axis at the points where 


AOYaP 
Q = 0andQ = 


[1 — (1/n)] | (Fig. 20) 
as 2 
and approaches as an asymptote, in the case of the approximate 


solution, a straight line inclined at an angle to the X-axis, 
represented by the equation 


+ f—1) AP 


= 

which crosses the Y-axis at the point where U = c’(2 — A) in- 
stead of approaching an asymptote parallel to the X-axis repre- 
sented by a straight line U = c’, as in the case where U equals 
only the manufacturing cost [c’ + (F/Q)]. In both cases the 
expression for U, then, has a minimum point beyond which the 
investment and storage charges increase detrimentally without 
giving any added protection or business advantage and become 
an increasing burden. 


Discussion 


Joun C. Somers.‘ A definite need exists in manufacturing 
industries for methods of accurate measurement. The equations 
presented by the author give a simple means of measuring 
various items and then calculating, with relative accuracy, 
that quantity which can be produced at a minimum cost. Thus 
the author has made a definite contribution to industrial measure- 
ments and has assisted materially in the definite application of 
these measurements. 

The secret of economical operation is a rapid rate of capital 
turnover. This is possible only with good control over raw 
and finished inventory. The chief advantage in the application 
of the author’s equation is that a better control over the eco- 
nomics of production is obtainable, which produces similar 
effects in stores inventories and thus tends to speed up the rates 
of capital turnover. This is a decided advantage to all organi- 
zations particularly in the highly competitive field with a low 
margin of profit. 

The writer has one criticism which is applicable to other 
equations in connection with the laws of management. The 
author points out that the solution of the general problem by 
minimum cost quantities has four definite applications. In 
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any of these applications the presentation of the equation loses 
sight of certain aspects of the technique of solving the problem. 
This has reference to the terms, or combination of terms, that 
must be definitely determined in order to substitute into the 
equation. These variables, although very rarely indeterminates, 
require considerable skill in evaluating. The problem is ad- 
mittedly simple in form, there being very definite equations 
for use. Nevertheless a certain amount of technique, resulting 
from experience, is essential to making the right substitutions. 
Referring particularly to the determination of fixed cost, sales 
demand, direct cost, and various other items, either for a specific 
process or an individual part, clearly indicates the obvious 
difficulty. 

In the writer's experience, it has been useful to calculate the 
different values of Q for the various values of the variables, 
such as above referred to, and then to chart these calculations 
for present or future use. In this way, the supply of a certain 
item for a definitely known period can be easily determined 
and economically manufactured with a single set-up. The 
quantity could be calculated for certain conditions, a slight 
variation in the conditions having a marked effect on the value 
of the minimum cost quantity. 

In making these calculations, it must be remembered, that, 
in a great number of cases, the value Q is the output, for a certain 
period, of only a percentage of the machinery that could be used. 
Hence the unit cost, including labor, material, overhead, prepara- 
tion, and investment charges on inventory and work in progress, 
is somewhat fictitious, since there are additional items of cost 
that will add to the final cost as well as decrease the profit 
margin. In the larger organization, for example the electric 
manufacturer, this is a serious problem as the economic pro- 
duction quantity may be such on paper only and in the last 
analysis it may be the very opposite. Reference to any of the 
equations for Q clearly indicates this. Since the unit cost is 
in the denominator, thus varying inversely as the square of Q, 
a small decrease in the unit price would have a considerably 
larger increase in the value of Q. 

It is more or less apparent that the difficulties of applying 
the correct unit cost will be less where a system of standard 
cost is in operation. In this case there will always be a correct 
unit cost available for substitution in the equation. It will 
invariably be up to date, that is, adjusted to suit correct con- 
ditions. However, where the manufacturing period for the 
minimum cost quantity will extend over a period of over one 
month or more, a further corrective factor should be applied. 
This introduces the causes of inaccurate standard costs. For 
the purpose of discussion of the paper it might well be men- 
tioned that current prices of materials should be used, and not 4 
figure that will represent a speculative profit or loss. Further, 
in cases where the cost of material is more than 50 per cent of 
the total unit cost, additional care should be exercised to see 
that the cost of material is not based on bulk quantity costs, 
using the wrong weight or other quantity units. 

The importance of using some standard cost system cannot 
be stressed too much. Also, with the larger manufacturer 
these standards, say on 10 to 150 thousand items, are invaluable 
for other control purposes, but must be handled adeptly when 
substituted into an equation which will arbitrarily decide that 
the requirements for twelve months are to be produced in two 
months, say, instead of six. This point can be emphasized by 
stating that in the writer’s experience of making similar sub- 
stitutions, the cost accountant had one amount, the engineer 
another, and the manager still another, which, incidently, wa 
the more accurate. 

The value of Q, the economic production quantity, sometimes 
is almost an indeterminate. This is true, referring to Equation 
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[1], when Y > 0,k = 1,f < landn =1. Consumption would 
either be very small here or equal to zero, there would be no 
sales demand, an insufficient reserve stock to take care of the 
manufacturing period, and all articles are manufactured in one 
jot and delivered to stores. These conditions are not abnormal 
and occur frequently in the large organizations. To try to 
calculate Q in such instances is not necessarily of much value, 
since the determination of the economic production quantity 
ean be decided upon by a knowledge of local conditions in the 
shop. 

A definite advantage of the computations, outlined by the 
author, is the knowledge of valuable schedule data usually 
quite unknown. It gives the size of quantities which are re- 
leased for manufacture in the usual manufacturer's order. 
These are usually set up in a practical or rule of thumb method 
which invariably considers only the convenience of the form 
of the order. A definite formula from which this quantity 
is determined eliminates, to a degree, this rule-of-thumb method, 
at the same time increasing the economics of the operating cycle 
of manufacture. 

The introduction of such calculations sometimes overlooks 
the proper studying of the productive machinery. It is also 
easy to neglect engineering changes, necessary tests, delays, 
interruptions, and also inefficient operation. These factors are 
important and can easily unbalance the production schedules 
that are worked up from empirical formulas. However, the 
economic production quantity calculations, along scientific 
lines, are of value to production control. The quantities can 
be calculated for various demands, production rates, unit costs, 
engineering changes, and reprocessing of work. These can be 
plotted or tabulated and used in the system of production 
control, and can be incorporated into the current standards 
for such work. 


J. E. Hires.’ The author seems to have worked out a very 
complicated formula for determining the minimum quantity 
of product which can be produced at the lowest total unit cost. 
There are many conditions which this formula does not cover, 
such as sometimes found in plants manufacturing a multitude 
of products, each bearing a different profit per unit. Also, 
many manufacturers use raw materials which it is necessary 
to order a vear or so in advance, for instance one concern uses 
hickory handles in its tools. Such conditions often necessitate 
the carrying of considerable stocks. In most cases the over- 
head can be divided into two classes: fixed overhead, which 
includes rentals, administration expense, interest on invest- 
ment, insurance, ete., and unit overhead, which covers material, 
labor, interest on inventories and work in progress, etc. With 
the above overhead and with the unit sales -price, a simple 
formula for minimum quantity units can be derived for each 
article, 


F. RicumMonp and O. CamMMANN, Jr.? From the 
point of view of abstract science, the author has accomplished a 
thorough piece of work in assembling into one formula most of the 
factors which determine the true economic production quantity 
for any industry. An abstract analysis of all of the theories in- 
volved, such as contained in the paper, had to be made to prove 
the mathematical correctness of the theories. Practical appli- 
cations were very naturally not within the scope of the paper. 


* Consulting Engineer, Hires, Castner & Harris, Inc., Philadelphia, 

a. 

‘Engineering Partner, Scovell, Wellington & Co., Boston, Mass. 
Assoc-Mem. A.S.M.E. 

"Member of Staff, Scovell, Wellington & Co., Boston, Mass. 
Jun. A.S.M.E. 
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The writers have attempted to find the economic production 
quantity for a specific manufactured article by inserting actual 
numerical quantities in the author’s formula. 

In order to have actual values to use in this formula, figures 
for an imaginary manufactured article were developed as shown 
in Table 1. 


TABLE 1 DATA OF IMAGINARY MANUFACTURED ARTICLE 
FOR TESTING RAYMOND FORMULA 


Material... . .. $0.300 
Labor 
Operation 1 0.005 
Operation 2 0.020 
Operation 3 0.025 
Burden 
Operation 1 0.010 
Operation 2 0.060 
Operation 3 0.040 
$0.460.. 
Set-up, Clerical, et« $1.100 
Operation 1. 2.000 
Operation 2 5.000 
Operation 3 0.100 
$8. 200 I 
Storage charge per sq. ft. per day $0. 00057 v 
Space occupied by each unit. sq. ft 0.120.. B 
Daily rate of production, units 400.... P 
Average daily demand, units ae Yo 
Assume S’r/Sm.......... 
Fixed charge rate per day $0. 000333 
Material + !/2 (labor + overhead) 0.300 + 0.080 7 
; = ——— = 0.826 Kp 
direct cost 0.46 
Obsolescence not considered... 1 
Assume constant demand.. 
t’ = Q/P (all one batch), Q/ Pi’ Bas a’ 
Deterioration not 1 
Q 
@—Sa=0 (355 x 10)... 


(Since f = 1 in this example, Y’r drops out of the equation) 


At the outset we found some difficulty in adequately defining 
the terms used in Formula [1]. This was undoubtedly due to a 
somewhat hazy knowledge of mathematics; but if the average 
production man is to make practical use of it, the author should 
include a description of the meaning of the letters or terms 
similar to that shown below: 


F = preparation cost, dollars = plan and schedule, issue 
order, tool preparation, set-up, etc. 

P = rate of production, pieces per day 
se 

0 =—e= 
n'Q. 


number of pieces which can be sold 


number of whole turnover periods X unrestricted econ. prod. quan. 
Y. = average demand, pieces per day 


Y’, = Q—S, = (economic production quantity)—(minimum 
stock) 
S’, stock on hand at ordering point 
jf 
Bus minimum stock 
S’, = Sm + emergency stock 
i = interest rate, daily 
C’ = unit material cost + unit labor cost + unit overhead cost 
pte Sa average stock 
economic production quantity 
= 1/, for constant demand 
A = coefficient of deterioration = Q. 


e 
number of articles to meet Y« in sales period of . . . days 
economic production quantity 
n = number of batches in one lot 


(labor + overhead) 
m+ (L+o)ke _ 2 
Cc’ 
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Q Q 

P’ PX (production time for each batch) 

v = factor representing unit charge per day per cu. ft. of space 
occupied 

B- = space occupied by each unit, sq. ft. 

Q = Economic Production Quantity 


A’ = 


The specific values shown in Table 1 were substituted in 
Formula [1] and the equation solved for Q, as follows: 
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plete the stock '/», the inventory charges against work in 
process are negligible. Quantities are plotted horizontally, 
the quantity at T representing the quantity required to meet 


the sales demand for one year. The cost per unit, in dollars, 
has been plotted vertically. 

The preparation-cost curve is determined by dividing the 
preparation cost, $8.20, by the quantity. This will naturally 
be high for the lower quantities, and low for the higher quantities. 

Values for the unit cost of fixed charges on inventories, and 


FP\20Y.-- + Y’(f — 


Q= 


1 


& +f—1) AP — 


Simplifying as 0, A, f, a’, andn = 1 


FP\2Y.— [Yo + 0]} 
C'i[(k + 0)P — 0] + C%Y.k, + vB[P — 0] 


Q= 


FPY. 
+ + vBP 
Substituting from Table 1, 


+ +vBaA | er Y. (: ‘)] 
a n 


for the storage cost per unit have been computed as if the whole 
year’s supply were manufactured at one time—that is, as if an 
order of 3000 units were put through the factory at once. The 
cost per unit to carry the whole year’s supply has been plotted 
on the basis of an annual fixed-charge rate and an annual charge 
per square foot for storage. The fixed-charge amount has been 
divided by 2 (see K = '/; in the author’s formula), because 
the average inventory is assumed to equal one-half of the maxi- 
mum inventory. The maximum requirements for storage 


(8.2) (400) (10) 


Q= 


After a somewhat tedious computation, we arrived at a value 
for Q which we attempted to check by a rule-of-thumb method 
similar to that which any production man would use. In making 
this check calcilation, we began to wonder whether or not it 
were possible to devise a simple method of determining an eco- 
nomic production quantity, which would be sufficiently accurate 
for all practical purposes, and which would not omit any of the 
important variables in the author’s formula. 

It appears that the author does not consider the question of 
idle plant capacity in determining the economic production 
quantity, with which we agree. He starts with what he calls 
“direct cost,’ which includes labor, material, and overhead. 
From the overhead item he deducts fixed charges on inventories, 
such as interest on investment, taxes, insurance, etc., and also 
all storage and handling charges. Consequently, for any given 
article at a given time, this direct cost does not vary with 
the quantity produced. 

The writers recognize two principal types of variable entering 
into the equation for the economic production quantity. The 
first type is that in which the unit cost decreases as the quantity 
produced increases, such as cost of set-up, preparation of the 
order, and all other operations necessary to get the order under 
way in the factory. The second type is that one in which the 
unit cost increases as the production quantity increases. It 
reflects the increased carrying charge on large inventories, 
resulting from the higher fixed charges on a greater volume 
produced at one time, and from the added cost of storing the 
product in larger quantities. 

The first type of variable which the author calls ‘preparation 
cost” is a fixed amount for each order put into the factory, and 
therefore the preparation cost per unit varies inversely as the 
number of units produced on that order. 

Taking the figures from Table 1, we have worked out an 
approximate solution by a simple graphical method shown in 
Fig. 23. We have assumed, as we did for the author’s formula, 
that the sales demand is constant. As the manufacturing 
time is relatively small, compared to the time required to de- 


= /55300 = 744 


(0.46) (0.000333) E + 030526) + (0.00057) (0.12)(400) 


space are assumed to be needed for the entire period that the 
stock is held. If this does not hold true, an arbitrary reduction 
should be made to represent the ratio of average storage space 
to maximum storage space. The storage cost and the fixed 
charge cost may be represented by lines drawn through points 


‘A 
0.04, 
2003+ 
D 
B 
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500+ 1000 180020002500 3000 Trits 
Quantity 
Fic. 23 


G and H, determined for one year, to the origin, because these 
two variables increase directly with the number of units per order. 

The second type of variable, representing the storage cost and 
the fixed-charge cost, depends on the size of the inventory and 
on the length of time that that inventory is kept on hand. 
This charge is therefore directly proportional to the time that 
the inventory is kept on hand, and increases as the length of 
time increases. 

It will therefore be seen that while an increase in the number 
of units on a given order will decrease the unit preparation cost, 
it will at the same time cause an increase in the storage snd 
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fixed-charge costs per unit. Our problem therefore as regards 
these two types of variables is to determine that quantity which 
will reduce the unit preparation cost, plus the unit storage and 
fixed-charge costs, to the minimum. 

If we take any given quantity shown in Fig. 23, and read 
off the unit cost of preparation from curve C, and the unit 
cost for fixed charges and storage as denoted by line A, we will 
have the total cost for that quantity incurred through prepara- 
tion, through storage, and through fixed charges. This amount 
for different quantities may be plotted and a curve drawn 
representing such amounts, as curve D. This curve will in- 
variably start at the left-hand side of the chart with a high 
unit cost, decreasing to a certain point, and then start to in- 
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Quantity 


Quantity 


1 


Jon. Apr. July 


l 
Oct. 
Fie. 25 


crease again as shown. When this curve reaches the minimum 
point (750 units approximately), as shown on the chart, it indi- 
tates the economic production quantity for the variables in 
question. 

The economic production quantity thus found may be affected 
sill further by three other variables. These are the variable 
sales demand, deterioration, and obsolescence, as mentioned 
by the author. 

_ It is obvious that if the economic production quantity results 
a figure greater than that at which it is possible to sell before 
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the article of manufacture becomes obsolete, the number that 
can be sold prior to obsolescence is the controlling factor, and 
the economic quantity is not to be considered. Likewise, if 
the economic quantity will produce a volume which will remain 
in stock longer than the nature of the product warrants, without 
deterioration, this will reduce the economic quantity and become 
the controlling factor. 

The determination of the effect of a variable sales demand 
is somewhat more complicated than that of the other two factors 
just mentioned, but a solution sufficiently accurate for all 
practical purposes may generally be arrived at. As the author 
has suggested, it is advisable, first, to determine the economic 
quantity for a constant sales demand. Next, the cumulative 
sales forecast (Fig. 17) should be plotted as shown in Figs. 
24, 25, and 26 and from this, the stock curve which is the reverse 
or complement of the sales curve. Then apply the economic 
quantity already computed for a constant sales demand to the 
cumulative-sales curve Q and determine the corresponding 
position on the stock curve S. Through point S on the stock 
curve, draw a horizontal line. The area TCMS above this 
horizontal line will represent approximately the stock condition 


Quantity 


i 


Oct. Jan. Apr. 
Fie. 26 


July 


for the turnover period. Next, determine (visual approximation 
will generally be sufficient) the average volume of stock, and 
recalculate the position of points G and H on Fig. 23, for this 
new average stock value. The ratio of the length of the line 
MN to CT is the K introduced by the author. It is used as 
the writers have used the factor '/; (or divide by 2) in determining 
the average stock upon which to compute the fixed-charge costs. 

The economic quantity found by this method will more 
nearly reflect a varying sales demand than that found by asuming 
a constant sales demand. It must be remembered, however, 
that this second solution is applicable only to periods in which 
the stock conditions are similar to those represented by the 
portion of the stock curve applying to the turnover period, 
although lines A and B in Fig. 23 are worked out for a period 
of one year. 

As the author has endeavored to include in his formula all 
factors which may affect the economic quantity, some considera- 
tion should be given to the character and size of transportation 
devices and to the varying cost, both in labor and storage space, 
resulting in their use at less than normal capacity. For example, 
the shoe industry finds that processing shoes on racks capable 
of holding 12 pairs is most convenient and economical. Under 
these conditions if the economic production quantity resulted 
in the use of a 12-pair rack with only 4 pairs on it, the trans- 
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portation charge would be materially increased but that addi- 
tional cost is not reflected in the formula. 


Ropert T. Kent.’ This question of economic lot sizes is of 
extreme importance to executives, and we all would be deeply 
indebted to the man who presents a satisfactory formula to 
fit all conditions. One trouble with all attacks on this problem 
seems to be that one very practical aspect of the phase of de- 
termining economic lot sizes has been ignored. Most of the 
solutions have consisted in the consideration of a single item of 
the problem. That is all very well for the manufacturer with 
a single line, or a number of items of similar character. For 
the manufacturer who is making a rather diversified line of 
articles, perhaps in large quantities, for a number of different 
customers, the problem is somewhat complicated. Suppose 
that the manufacturer is making two articles in large quantities 
for two different customers. Each one is seasonal in character, 
and each has a peak which more or less overlaps the other. 
The machine capacity is sufficient to take care of that demand 
throughout the year, or perhaps throughout the seasonal period, 
but the situation is complicated by the fact that each customer 
demands deliveries to meet his sales requirements, and economic 
lot sizes, very often, must be disregarded in order to conform 
to the sales policy. 

That man will make a valuable contribution to industry who 
devises a formula that will determine economic lot sizes, based 
on machine capacity and complicated by overlapping demands 
for that machine capacity. 


Tue AvutrHor. The discussions submitted on my paper have 
added greatly to its value, one of its main objects being to gather 
as much outside criticism as possible, in order that 1t may 
reflect the point of view of the greatest number of engineers. 
Many simple expressions have previously been derived; in fact 
twelve writers have developed fifteen different expressions of 
the same general character and similar to the forms given under 
the paragraph on existing formulas. The graphical solution 
suggested by Messrs. Fletcher and Cammann is an excellent 
addition to the problem and simplifies the solution greatly 
when variable demand is to be considered. If the problem 
involving variable demand is worked out mathematically, 
the expression for Q results in an equation of the sixth degree 
in terms of the cosine, which for practical purposes is useless. 
One expression naturally could be developed which would 
cover a multitude of products manufactured by any one com- 
pany, but would probably be even more complicated than the 
expression for variable demand referred to above. It seems, 
therefore, most desirable to determine the simplest and most 
universal expression for the economic production quantity, 
applied to but one unit of the product, putting it first into a 


® General Manager, Bridgeport Brass Co., Bridgeport, Conn. 
Mem. A.S.M.E. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


satisfactory form for practical application. The solution of 
the theoretical Formula [1] would unquestionably involve 
tedious calculation, owing to the complex composition of its 
terms; however, it is presupposed that this formula would be 
simplified to suit the conditions of any particular industry |y 
eliminating factors and terms which do not apply, before nu- 
merical values are substituted for the remaining terms. That 
being accomplished, results may be obtained through simple 
arithmetic, in a short time. 

As the purpose of this paper is to expose all controlling and 
contributory factors and arrange them in an expression which 
will illustrate their relation to each other, it was necessary to 
go into considerable detail in order to explain the derivation of 
each term. Therefore it was undesirable to give merely a list 
of these terms without explaining their origin; in fact half of 
the paper is devoted to this purpose. Naturally, considering 
the form in which the theoretical Formula [1] stands, special! 
technique and understanding of the problem are required. It js 
hoped that in the end a form may be developed for practical 
purposes, requiring no special knowledge of the conditions, and 
resulting from these discussions and further suggestions that may 
be submitted. 

In most cases the value used for the average storage space 
must be the maximum number of articles placed in stock at the 
end of the production period; however, should special conditions 
arise whereby this space is used for storing other articles after 
a certain number of the original articles have been withdrawn, 
this condition may be corrected for by a coefficient. Internal 
transportation does not affect the final value of the economic 
production quantity, because even though the total cost of the 
production quantity is affected by this factor which depends 
upon Q, when reduced to the total ultimate unit cost this factor 
becomes a constant not involving Q, and when differentiated, 
becomes zero. Likewise, idle plant capacity is not a factor 
affecting the economic production quantity, as accountants 
generally agree that the loss due to idle equipment is first, a 
penalty on the sales department; second, an item only of the 
profit and loss account; and third, one of the risks of doing 
business and consequently a factor not within the control of the 
factory management. 

The present paper is only a preliminary step in consolidating 
all previous efforts toward deriving a suitable method of deter- 
mining the economic production quantity. Naturally it is 
necessary first to determine the theoretical relationship of each 
factor, after which the theoretical form may be revised to suit 
the requirements of the practical plant executive. This can 
only be accomplished by obtaining the soundest criticism and 
advice from outside sources and incorporating this in our efforts. 
In fact such simplification has already been accomplished that 4 
graphical chart has been drawn, including all factors except 
deterioration and obsolescence, from which the value of the 
economic production quantity may be determined without 
involving any calculations whatsoever. 
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In this paper the author discusses the problem of maintaining a 
trained working force in the rapidly expanding organization. The 
problem of the American Rolling Mill Company is used as an illus- 
tration of what may be accomplished through proper attention to the 
requirements of an expanding company and to the material available 
in the existing personnel. Two courses organized to replace the old 
Works’ School of the company, namely, the Operating Training 
Course and the Sales Apprentice Course, are described. Other 
means of meeting new issues in the most effective manner are pre- 
sented in the author's discussion of the Foremen’s Cabinet and the 
Foremen’s Forum, the former serving in an advisory capacity and 
the latter as an outlet to discussion. A valuable feature of the pro- 
gram of developing minor-executive talent is the Armco Foremen's 
Bulletin, which has served to stimulate interest in the project through- 
oul the entire organization. 


ke PROBLEM of maintaining a trained working force in 


a stable organization with a low turnover is a relatively 

simple one in comparison with that of maintaining a trained 
force in a rapidly expanding organization. The latter problem 
has been one of the urgent tasks of the personal-service division 
of The American Rolling Mill Company during the past five 
years. During this period the parent plant of the company 
at Middletown, Ohio, has experienced many important changes 
and expansions; an entirely new plant, larger than the parent 
plant, has been built and put into operation at Ashland, Ken- 
tucky, and the number of employees has grown from about 
four thousand to approximately ten thousand, a large percentage 
of whom, up to five years ago, had never set foot in a steel 
plant. 

The equipment of this new plant is of a new type and design, 
but it has been brought into production by this almost wholly 
untrained working force, and has exceeded the anticipated output 
inquality and quantity. These results have been attained largely 
as the result of a very specific program of job training. 

However, it is not with this job training that this paper is 
specially concerned, but rather with the development and the 
training of the necessary supervisory force for this rapidly ex- 
panding organization. The situation has demanded new foremen, 
new department superintendents, and a greatly increased sales 
foree to market the increased production. It is a cardinal point 
in the policy of the company not to seek on the outside for a man 
to fill a vacancy so long as there is an available man in its employ 
ready for promotion. 

In carrying out this policy, a large part of the responsibility 
of preparing men for promotion has been placed upon the training 
department. 

Formerly the company had a training course designed for this 
purpose, known as the Works’ School, in which were enrolled 
men who were headed either toward minor executive positions 
in the operating division or toward the sales division. But 
while this course was quite satisfactory for the sales division, it 
did not satisfy the operating management because the course 
Was so frequently used by ambitious young operating men, with 
* leaning toward sales, as a stepping stone to the sales division; 


' Director of Training, The American Rolling Mill Co. 
_ Contributed by the Management Division and presented at the 
‘pring Meeting, Pittsburgh, Pa., May 14 to 17, 1928, of Tae Ameri- 
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Training Minor Executives in a Rapidly 
Growing Organization 


By A. J. BEATTY,! MIDDLETOWN, OHIO 


and to this extent the course failed to develop men for promotion 
to more responsible operating positions. 

To remedy this defect, two courses were organized to replace 
the Works’ School; one known as the Operating Training Course, 
and the other, the Sales Apprentice Course. The training of 
salesmen, however, is a specific story not touched upon in this 
paper. 

In interviewing men who are candidates for the Operating 
Training Course, the following are some of the questions asked to 
determine their line of thought: 


What is ahead of you on your present job? 

What is the next job ahead? 

What efforts have you made to fit yourself better for your 
work? 

What study do you need to help you on your job? 

Are you prepared to handle a more responsible job just now? 

Has any one ever been promoted over you? Why? 

What is your idea in applying for this course, and what do you 
expect to gain by it? 

What do you expect to be doing five years from now? 

What do you read? 

What do you do with your spare time? 

How much time are you willing to give to study to master 
the knowledge of the steel business? 


These and other questions usually elicit answers which enable 
the interviewer to determine how intelligently and how seriously 
a candidate is considering the necessary means for his own prog- 
ress. While his scnooling is one of the determining factors in 
enrolling a candidate in the course, his experience and his record 
are given a good deal more weight than scholarship. Expert 
ability, knowledge of his job and his department, and ability 
to handle men are the important factors. Of the men who have 
taken this course about half have not been high-school graduates, 
about 25 per cent high-school graduates, and about 25 per cent 
college graduates. Several have been engineering graduates. 


Tue OPERATING TRAINING CouRsE 


An outline of the operating training course follows. 

Function. The function of this course is to provide that 
special training needed by the students to enable them to succeed 
to positions of responsibility in the operating division. 

Personnel. Men are selected for this course by the works 
manager, or the assistant general superintendents, in cooperation 
with the superintendents of the departments in which the men 
work. They are chosen by virtue of such characteristics as am- 
bition, interest, intelligence, health, aggressiveness, and ability 
to get along with people and adapt themselves to circumstances. 

Course of Study. The course of study for each student is pre- 
scribed by the operating division management and is carried on 
under the supervision of the training department. When prac- 
ticable, classes are formed; but in most cases instruction is 
an individual matter. 

The general part of the course, which is required of all students, 
includes: 


a Foremanship 
b Economics 
c Business law 
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d Metallurgy 

e Business English, and correspondence 

f Public speaking 

g Armco products, processes, and policies. 


The individual part of the course is determined by two prin- 
cipal factors: 


a The specific job or department toward which the student 
i3 working, and 

b The student’s individual needs as indicated by his pre- 
vious training and experience. 


In the general part of this course, perhaps the most important 
feature is the study of foremanship with emphasis upon its rela- 
tion to problems of management. The outline of the course 
as given in 1926 follows. 


A—The Foreman 

1 The foreman’s qualities and traits 

2 The foreman’s job 

3 The foreman as leader 

4 Forcefulness 

5 The foreman’s prestige. 
B—Developing Men 

1 The personal-service division 

2 Introducing the new man 

3 Team work and cooperation 

4 Correcting faults and friction 

5 Developing judgment—how we think 

6 Developing an understudy. 
C—Problems of Production 

1 Planning work—a daily program or schedule 

2 Keeping work moving 

3 Keeping up quality 

4 Keeping down costs 

5 Waste and its cost. 


D—Problems of Management 
1 The foreman as a part of management 
(a) What is management in industry 
2 The foreman’s management responsibilities 
3 Building good will and loyalty. 
E—What the Foreman Should Know 
1 Company history 
2 Why men work—instincts in industry 
3 “Levels of intelligence”’ 
4 Company products 
5 Company competitors 
6 Company customers. 


Foremanship is a required subject for men enrolled in the 
operating training course; for all others it is optional. A new 
course is outlined and followed each year in order to encourage 
men to continue this study from year to year. 

Each September the first step in organizing for the study of 
foremanship is.to enlist a smaller group of leading foremen— 
six to ten in number—which is called the Foremen’s Cabinet. 
The men selected for this cabinet are successful foremen, judged 
by their record of accomplishment in getting work done and in 
developing men. 

The Foremen’s Cabinet serves in an advisory capacity to 
suggest and outline topics for discussion consistent with the 
above general outline. The Foremen’s Cabinet is not a fixed 
group. Each member is invited to serve for three or four weeks, 
at the end of which time he may be dropped to make room for 
another man who is selected to fill his place, generally on the 
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basis of his interest and activity in discussion groups. This 
plan provides enough holdover men to give a degree of per- 
manence to the cabinet and, at the same time, the addition of 
new members constantly introduces new blood and new points 
of view. 

The outline for the year being set up, an announcement of the 
proposed course is sent to all foremen with an invitation to enroll. 
Those who enroll are grouped into classes of from fifteen to twenty 
for round-table discussion. This course is open to all who wish 
to enroll. 

The conference method is used. By this is meant that the 
chairman or leader, while he has in mind just the ground he 
plans to cover and the conclusions he hopes to reach, undertakes 
to draw out from the group members the facts and the conclusions 
so that whatever conclusions are reached are the conclusions of 
the group. He must also keep the discussion from going too far 
afield, and lead the group to right conclusions. 

This brings up another important function of the Foremen’s 
Cabinet, which is to train picked cabinet members themselves 
to serve in the capacity of group chairmen, or conference leaders 

Ranking very close in importance with our study of foreman- 
ship and management is the study of economics. This is not 
the study of academic or collegiate economics, but the simple 
and practical application of this important science. This point 
is appreciated by the men, as is shown in the following rea! 
colloquy reported from the plant: 

“Are you in the economics class?”’ 

“Not on your life. My job is to help run a steel plant, not a 
university.” 

“Yes, but you have been helping to run this steel plant for 
fifteen years now, and you have probably noticed that about 
ten steel plants have been started in this country to every one 
that is running now and paying dividends; and just about the 
same percentage of other businesses, grocery stores, restaurants, 
tire and rubber factories, building and loan associations, and even 
banks have failed and passed out of existence. Why? Because 
they didn’t look far enough ahead to see what was coming.” 

The retort of the average foreman to this argument is likely to 
be, “What’s that got to do with economics? That’s just good 
common horse sense.”’ 

To which the reply is: “Exactly so, economics is simply the 
common horse sense which is the basis of all successful business. 
It is because the management of our company has always done 
that very thing that our plant has continued to run and allow us to 
keep our jobs going during the past years when other plants 
were shut down and their men out of work.” 

Such discussions as the foregoing are daily occurrences at the 
plant of the company and in the offices among the men who are 
attending the economics classes. The company believes that 4 
stable, going business, profitable both to employer and employees, 
as well as to the community, can be built up only to the extent 
that all concerned, the employer, the employee, and the public 
know, understand, and act upon sound business principles. 
These business principles which all must recognize and act upo® 
make up what we call the principles of economics. 

But it is not enough that the management be students of and in- 
formed upon economic laws. The company believes that its 
stability and growth depend upon the degree to which the entire 
organization, superintendents, salesmen, foremen, and workers it 
overalls, are posted on and act upon the economic principles 
involved in production, marketing, financing, capital, labor, and 
consumption. 

The method of handling our study groups in economics is the 
same as that outlined above for the foremanship-managemet 
groups. Each group has a leader and an assistant leader, these 
being chosen partly on account of their previous training and 
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interest in economics, and partly on account of their recognized 
jeadership and stability. 

The director of training has a regular weekly meeting of these 
jeaders. Here he presents an outline of the next study topic with 
discussion-provoking questions. In this group leaders’ class 
are worked out the plans and methods of presenting the various 
topics. 

The leader’s job in conducting these classes is not easy. 
Sometimes the men have not had time to study the lessons 
adequately; sometimes loquacious members tend to monopolize 
the discussion, and usually with talk irrelevant to the lesson. 
Then, too, some leaders are handicapped by a purely pedagogical 
difficulty in not being skilful questioners. 

Most of these groups meet one evening each week on their 
own time, the sessions lasting from 1!/, te 2 hours. The courses 
vary in length as follows: 


Foremanship, 10 weeks Metallurgy, 72 weeks 
Economics, 24 weeks Business English, 16 weeks 
Business law, 18 weeks Public speaking, 16 weeks. 


The instructors are selected from the expert technical men in 
the organization, most of whom are college and engineering gradu- 
ates. Some of these men are a little short on pedagogical train- 
ing, but this deficiency is offset in part by a teachers’ bulletin 
issued by the director of training, and in part by expert and 
practical knowledge in a specifie field. Classes vary in number 
from three to twenty, the need for the particular class and the 
students’ interest being the determining factor in organizing any 
class. ‘Textbooks are used in metallurgy, business law, business 
English, and economics; and lesson assignments are made and 
reports and recitations are required. In other courses, text 
material is prepared by the training department in cooperation 
with instructors. 

Another phase of the program for the development of minor 
executives is &@ course in company products, processes, and poli- 
ies. This course is designed to give a complete picture of all 
lepartments of the plant and the part each department plays 
in producing the finished product. Groups taking this course 
are limited to fifteen to twenty, and one session of the course is 
given to each of ten departments, including the open hearths, 
the blooming and bar mill, the hot mills, the processing, the gal- 
vanizing, the finishing, the personal-service, the sales, the pub- 
icity, and the service-engineering departments. 

The sessions in the production division include inspection trips 
through various departments, followed by discussions led by the 
superintendents of these departments. The sessions in the non- 
production departments are each in charge of a representative of 
that department. 

Perhaps the most important part of this training course is the 
specific training which each man gets in the department in which 
he is most interested, or in which he is headed for promotion. 
An arrangement is made with his superintendent so that he is 
given special attention and opportunity to get all-round experi- 
tnee and knowledge of the department; he makes special studies, 
and finally writes a report on the department, and submits to a 
quiz to determine his mastery of the department, the department 
superintendent and the training department being the in- 
quisitors., 

Another means by which the company undertakes to develop 
*xecutive talent is to keep its foremen posted on business con- 
ditions in general, and the company’s business in particular. 
Whenever the management has any important message to 
gt over to the organization relating either to company policies 
or to business conditions, or to any important change in working 
‘nditions, the entire foremen’s group is called together in what 
called, officially, “The Foremen’s Forum.” 
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While occasionally a set address makes up a part of this forum 
meeting, it is in reality a large group discussion, for it is in every 
sense a real forum where questions are asked, where discussion is 
invited, and where explanations are asked for and expected. 
No important move is ever made by the management in which 
foremen are vitally concerned and interested without calling to- 
gether the Foremen’s Forum to lay the matter before them, to 
explain the necessity and the reasons for the move, and to enlist 
their hearty cooperation in putting it into effect. The result 
of this plan is that foremen are throughly informed on proposed 
changes, and can help to put them into operation intelligently; 
and what is more important, they can explain to their men, in 
giving their instructions, just why the change or move is necessary. 
This obviates the danger of any feeling in the minds of the fore- 
men and workers of arbitrariness on the part of the management. 

Perhaps the one feature of the program for developing minor- 
executive talent that reaches the greatest number is the Armco 

Foremen’s Bulletin. This is a one-page, mimeographed bulletin 
which is issued weekly by the training department and is sent 
to every foreman of the company and also to every man of 
higher rank than foreman. 

Each bulletin is confined to a single topic of management, or 
of production, or of organization building, or of economics, or 
of personal development. 

This bulletin is effective in these ways: 

1 It serves as a means of carrying important announcements 
and items of information to foremen. 

2 It is an effective forum for the discussion of organization 
problems, such as: ‘“‘What Is the Foreman Paid For?” and “Have 
You an Understudy?” 

3 It presents new ideas, or old ones in new garb, to keep the 
foremen thinking outside and beyond their jobs. ‘‘How to 
Handle the Boss,” and “Thinking in Dollars,’ are examples of 
this type. 

4 It ties in with foremen’s group discussions, some bulletins 
furnishing the topics for discussion, such as “‘Encouraging Sug- 
gestions,” and ‘‘Why Men Like Their Jobs.””. Others summarize 
such discussions as ‘‘What is Overhead?” and ‘‘How I Get Sug- 
gestions from My Men.” 

The value of the Foremen’s Bulletin is suggested by the in- 
terest shown in it by foremen and superintendents. Frequently, 
groups of foremen are found eagerly discussing some point brought 
out by the bulletin, and at least two superintendents who did not 
sense its value at the start, and did not keep the bulletins, have 
since asked for all back numbers. 

The one interesting bulletin that brought out a tremendous 
amount of plant discussion was used about six months ago in 
which it was assumed that a foreman was giving up his job for 
a promotion and he was asked to select or to recommend his 
successor. The employment department selected two men, 
giving their qualifications and their descriptions, and the foreman 
was asked to write back in reply to the bulletin which one he 
would select to take his place and why. They got a great deal 
and a very interesting discussion out of that. 

This paper has elaborated on only the high spots in the program 
for the development of minor executives and supervisors and the 
preparation of these men for promotion. The results are, of 
course, hard to measure; but the best measure seems to be in 
the men who have moved to positions of greater responsibility 
through this channel. 


Discussion 


R. G. Forses.? The urgent need of training minor executives 
in our industries is apparent not only to take care of the rapidly 


2 Supervisor of Instruction, National Tube Co., Ellwood City, Pa. 
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changing conditions being experienced today, but to prepare 
for those contingencies that will arise in connection with the 
revolution of American industry promised us by economists in 
the not distant future. The writer would suggest a few questions 
as to the feasibility of a similar plan for industry as a whole in 
the hope of provoking further discussion by those interested. 
There are at the present time two ways in which men from the 
ranks are promoted to minor executive positions. The first is 
by fitting the job to the man, and the other is by fitting the man 
for the job through a carefully prepared system of training. 
The first method is still in common use and usually results in 
the promotion of a man who is either a close associate of the 
departmental superintendent, who in turn recommends him to 
the management, or one who has a record of long and faithful 
service in the company’s employ. In either case very little 
attention is paid to the fundamental requirements of a succesful 
foreman. The result is often a barrier that arises between 
foreman and man that is unsurmountable. The second method 
is the ideal one, as the prospective foreman is trained to meet 
the emergencies that arise and is given a close insight into his 
own responsibilities in such a manner that savors of success. 

The important problem of choosing the applicant for the 
training course has been solved to a great extent by the American 
Rolling Mill Company, yet nothing is mentioned as to the habit 
of the prospective applicant in his routine outside the mill. It 
appears that the industries today are demanding for their leaders 
men who are also leaders in the civic and social life of their 
respective communities, and further, men capable of shouldering 
the problem of home in a commendable manner. If this be 
true, then the applicant must be judged not only by those 
characteristics displayed while “on the job” but further by those 
that portray the manner in which he solves his obligations to 
his home and his community. 

It would be well to include “common sense’’ to those require- 
ments named in the characteristics of the applicants for the 
operating training course of the American Rolling Mill Com- 
pany. It has been said that common sense is the ability to see 
things in their real light and to deal with them on the basis of 
sound judgment. Common sense is the monitor necessary to 
guide a leader out of many difficult situations. It is evident, 
then, that without common sense the opportunity for the success 
of the applicant is limited no matter what degree of ambition 
or aggressiveness he may possess. 

The question as to the suitability of holding group meetings on 
the man’s own time or on that of the company has long been 
discussed, with many arguments on both sides. If the purpose 
of training these minor executives in a rapidly growing industry 
be to fit them for their increased responsibilities in the shortest 
possible time, then every effort should be made to make their 
training period conducive to the best results that could possibly 
be obtained. An article appeared some time ago in Jndustrial 
Management showing a survey that had been made in several 
industrial plants concerning the efficiency of the men during the 
various hours of the day and night. The results pointed out 
conclusively that the best work was done in the morning between 
the hours of nine and eleven. From another source comes the 
information that a survey of the various colleges and universities 
showed that the students did their best work of the day in the 
morning between the hours of eight and eleven. A class in 
economics was held some time ago at the Ellwood works of the 
National Tube Company. The class convened at five-thirty in 
the evening. Although a standard textbook was used and the 
class was led by a competent instructor, yet the class terminated 
with but a fair measure of success, owing in large measure to a 
natural physical and mental reaction that set in after a hard 
day’s work was done. It would seem, then, that the most 


advantageous plan would be to conduct all classes during the 
morning, rather than either in the afternoon or evening, and on 
company time, since it is evident that the compnay is more 
interested in developing minor executives than it is in the quan- 
tity of production of any individual during his training period. 

The problem of planning the curriculum of any training course 
is a most important one. It would not be expected that the 
textile industry would include the same courses of study as the 
steel industry. However, there are two courses that are of 
basic importance in the development of any operating training 
course, namely, foremanship and economics. Although in some 
plants the phrase ‘‘minor executives’’ is used to include depart- 
ment superintendents, yet literally it embraces only foremen 
and sub-foremen. If this be correct it is only natural to expect 
that the course in foreman training be emphasized more than 
any other and that a greater part of the training period be 
utilized by this subject. In a course in salesmanship the subjects 
of business English and public speaking are valuable, but in an 
operating training course the inclusion of these subjects in the 
extensive manner that the American Rolling Mill Company 
suggests is a matter of some conjecture, as a necessary requisite 
for a successful foreman is his ability to converse with his men 
in the language of the mill and that does not necessitate the 
outlay of time and expense in developing complete courses in 
either business English or public speaking. 

The effective use of the bulletin service in reaching the foremen 
and sub-foremen is commendable. How many of our minor 
executives are today going about their duties unconscious of 
the problems of management in which they should be vitally 
interested. It is quite possible to develop successful foremen, 
but once the foreman has passed on to his new position the 
problem of keeping him mentally alert and interested in his job 
presents itself. This can be made possible by the suggestion of 
problems of management, up-to-date topics of mutual interest 
to all foremen, and the presentation of new ideas that will give 
him the opportunity to enter a discussion with his fellow-foremen 
or his superintendent. This can be accomplished through the 
medium of a well-developed bulletin service. 

Therefore in the planning of an operating training course for 
minor executives three primary factors are included; namely, 
the careful selection of applicants for the course, the contents 
of the curriculum, and the most advantageous time for con- 
ducting the classes both from the standpoint of the management 
and the student. Whether the development of these points by 
the American Rolling Mill Company presents the ideal solution 
can only be determined by individual considerations. 


C. 8S. Coter.* This question of finding and developing men 
who can be executives is quite an important one in industry. 
It seems to the speaker that executive work requires three 
things: first, length of vision; second, breadth of information and 
experience, and third, depth of understanding of human nature. 

The program which the author has outlined seems to be well 
calculated to develop these three things in the individual who 
is going to be a leader. In our modern organizations the execu- 
tive is more and more becoming a professional man. He 
the universal joint between capital and labor in one direction, 
between the seller of raw materials and the buyer of finished 
product in another, and between his own organization and the 
public at large in a third direction. The training of minor 
executives is primarily an executive function and secondarily 
an educational function. We are dealing with mature men 
who have a background and who have a certain standing 
maintain in the eyes of their workmen. 


® Manager, Educational Department, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 
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In our own organization our works manager selected a group 
of ten supervisors and worked out with them in a series of con- 
ferences a definite program of procedure for meetings which were 
intended to develop executive ability. Later on each of these 
ten men was put in as the secretary of another group of ten men, 
thereby bringing together ninety supervisors in the second 
group. They in turn worked out programs for each group 
intended to develop those individuals. 

Some of the subjects that were covered are: The character- 
istics of a good supervisor, duties and responsibilities of a 
foreman, duties and responsibilities of a cost man, duties and 
responsibilities of a rate man, duties and responsibilities of an 
inspector, the new employee, measuring and grading employees, 
the problem of wages, building up and maintaining a working 
force, safety, control of work in process of manufacture, trans- 
portation, handling of materials, quality production, control 
of defective work, service department, suggestion system, and 
factory costs. 

No standard texts were used in connection with this work, 
but the men used many sources of information in gathering the 
material, and as a result of their activities have published several 
pamphlets dealing with the subjects they discussed. 

The older method of creating executives was fundamentally 
a method of sink or swim. It was competition from the word 
go, and survival of the fittest. In those days organizations 
were small, and each individual secured a sufficient variety of 
experience to give him the background that he needed. The 
individual grew as the organization grew, and oftentimes execu- 
tive work was given as a reward for high-grade work in some 
technical line. 

New conditions have brought in a longer schoo! period, special- 
ized jobs, a lowered discipline and urge on the part of the indi- 
vidual as a result of prosperity. The larger organization makes 
the top seem farther away for the new and younger man. And 
the executive has become a hired man instead of the man who 
owns the business. 

Present methods of training have had to take these things into 
consideration. We are finding today that the first step is a 
very careful selection of men coming into the plant, so that we 
will have a sufficient amount of inherent executive ability in the 
organization to draw on in filling vacancies; then we must keep 
careful records and conduct reviews from time to time to detect 
special executive ability; finally, we should institute training 
courses, such as those outlined by the author, to broaden the 
experience of the individual. 

We find that it is advisable in developing executives to start 
giving responsibility to men just as early as possible. The 
acceptance of responsibility, in fact, is the keynote of executive 
development. 

We have been trying to build into the Westinghouse organiza- 
tion a substantial background for promotion into executive work 
through our trades training, intermediate training, and graduate 
student courses. The idea back of all of these courses is to give 
the men a broad conception of the problems involved in our 
organization, the products and policies of the company, and our 
personnel. It is a movement that is intended to counteract the 
effects of the movement which has been going on in the direction 
of more highly specialized jobs. 


R. L. Kirx.‘ The company that the writer represents, being 
4 public-utility company, does not produce in the sense that 
most of you do in turning out some tangible commodity. We 
do not have quite as many foremen, perhaps, and we may have 
more technical men in our organization in proportion to many 


‘ Assistant to System Development Engineer, Duquesne Light 
Co., Pittsburgh, Pa. 
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of you, so that the problem of training minor executives is 
perhaps not as important as training the men a little higher up. 
I think that there is plenty of executive material around; in 
fact, any of you men that have had anything to do with the 
young boys think that all they want is to be executives, to get 
into the management end of the business. 

The writer believes that a certain amount of luck enters into 
the selection of a young man or the reaching of a certain height 
by an executive. Suppose that in any organization you take 
the president away and put a new president in his place, and 
how many of the same staff would he select? 

We have a systematic personnel department headed by a 
director of personnel. It seems to the writer that one of the 
most important things about the seeking and training of execu- 
tives is to have a sympathetic attitude. Some executives carry 
all the burden on their own shoulders and will not let any of 
their subordinates do a thing. Other types of executives push 
it all on the subordinates and tell them to “sink or swim.” The 
executive has to get the habit, he has to get the thought, he has 
to try these young fellows out. Give him an opportunity to be 
an executive. The Duquesne Light Company has several means 
of training minor executives. We operate an apprentice engi- 
neering course, in which we take men directly from college, put 
them through a twelve months’ training period and let them 
seek their own level. We have departmental courses where we 
take college and non-college men and put them through courses 
in their own particular departments. We have a very liberal 
transfer policy. Many men come into our organization in a 
certain line of work where they are better fitted for other types 
of work, so frequently we transfer people from one department 
to another in trying to fit them in. 

We have cooperative schools working with the university and 
high schools, and the trade schools, where a boy goes to school 
for two weeks, comes into our company and works for two 
weeks, goes back to school for two weeks more, etc. thereby 
getting our point of view and the training at the same time. 

We have various types of schools in the organization. One 
of the steps we took last year was to organize an economic or 
general administrative course of economics which was open to 
all the members of the company. We enlarged that and made 
it a class for utility administration. We had 70 men enrolled 
there. The junior executives, the president, vice-presidents, 
general attorney etc. met with these men and told them their 
problems, a kind of an open forum. On Saturday mornings 
we have started something in the way of general sales classes. 
Our regular starting hour for work is eight-thirty. We begin 
these classes at eight o’clock and carry on until nine, so that 
half is on the company’s time and half on the employee's time. 
We have had such a response that we do not have a large enough 
hall and we are putting up a building for the purpose. 

Much of our training is given through the night-school work. 
We emphasize public speaking, and we have six or seven public- 
speaking classes and five or six economics classes. We have the 
Wranglers Group, whereby men of the same type get together 
and argue back and forth, so to speak. 

We have the Contact Club, of about three hundred senior 
and minor executives, that meets once a month to discuss ways 
and means of doing a thing better. Last of all is the suggestion 
contest, and we get a lot of good suggestions. Many persons 
have been promoted to responsible positions because they have 
come before the management through suggestion contests. 


J. O. Ketter.’ What a large company can do for its own 
supervisory personnel, The Pennsylvania State College, through 


’ Head, Department of Engineering Extension, The Pennsylvania 
State College, State College, Pa. 
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its Department of Engineering Extension, has been doing for 
some of the smaller organizations of this Commonwealth that 
do not want to spend the money for a special training force. 
Moreover, some of the larger industrial organizations of the 
State that easily could afford to set up their own training organi- 
tions have also been using this special training service. 

Secretary of Labor James J. Davis, in the January, 1928, 
issue of Current History, has very aptly described the conference 
method as follows: 

“This method is based upon the idea that an experienced 
foreman will profit most by a supervised discussion of his prob- 
lems with a group of experienced foremen. This discussion is 
carried on under the leadership of a chairman or conference 
leader who does not necessarily need to know anything of the 
details of the foreman’s job. His principal function is to aid in 
the discussion by helping the foremen to organize their ideas, 
to analyze situations, and also to hold down discussions to the 
point. He acts more as a general chairman than as a teacher. 
This plan has extended itself rapidly during the past two years 
with splendid results.”’ 

Our first experience in conference training was in the last year. 
It has been accepted so enthusiastically by various industries 
that in addition to the special conference leader employed to 
inaugurate the work two additional men had to be secured to 
meet the demand. 

During the past two years we have conducted 37 conference 
groups, all of them with excellent results, in the following types 
of industries: 


Structural steel 14 Machine tools 
2 Steel sash 15 Textile machinery 
3 Tool steels 16 Yarns 
4 Small tools 17 Broad silk 
5 Saws 18 Other textiles 
6 Machine shop 19 Paper cups 
7 Foundry 20 Rubber tires and tennis balls 
8 Forgings 21 Cork and insulation products 


9 Non-ferrous metals 22 Linoleum 

10 Automobile bodies 23 Zinc 

11 Automobile trucks 24 Paint 

12 Pressed metal 25 Chemicals 

13 Ice machinery 26 Safety appliances 


The growing popularity of the conference method is quite 
evident, for since we started supervisory training in 1922 we 
have had in addition to these 37 conference groups 68 groups 
of other types of foreman training. 

We try to have 12 men rather than 15 to 20 in a group, although 
we have taken as low a number as 10 men and as high as 16. 
We are led to believe, however, that 12 is the ideal size for the 
conference leader to get the best results. 

The mechanics of the conference are very important. We 
insist upon having the men group themselves around a long table, 
an arrangement which makes them feel more at ease and they 
are more willing te “open up” and take part in the discussion. 
If a table is not used, the men necessarily face each other, and 
they feel ill at ease, are conscious of their legs and hands, and 
tend to keep silent. Then a blackboard at the end of the table 
near the conference leader or a folio of large sheets of paper 
which may be torn off as they are used enables the leader to 
illustrate many points, draw pictures or cartoons, and list the 
points of the discussion as they come out of the group. 

Not all men are conference leaders. We have tried to train 
many of our staff to act as conference leaders, but only one man 
out of about eighteen may be considered good enough to handle 
industrial groups; and then this one man must be given special 
training under other good leaders for about one year before he 


is prepared to conduct conferences in a manner that we consider 
a quality job. We have found that better results are secured 
where the conference leader has a practical background, not 
only in actual handling of men, but also in knowing something 
of the problems of the particular industry in which the training 
is conducted. 

The success of our conference training may be principally 
accounted for by the care and attention with which we select 
our conference leaders. This careful selection may not be so 
essential in an organization in which the method does not have 
to be “sold” to an outsider; but in our work, where every small 
as well as large firm must be thoroughly convinced of the merit 
of the proposition, we have to consider seriously and carefully 
the selection of our conference leaders. The burden of obtaining 
the cooperation of the management as well as “winning over’ 
the supervisors who are to take part in the conference, both 
essential to effectiveness, rests largely on the couference leader. 
The initial persuasion is effected by means of a demonstration 
conference. The conference leader must do a high-quality job 
on this occasion, even if the conditions are unfavorable to “put 
over” the conference training idea. 

From all indications we expect to have our biggest vear starting 
next fall, and already we have had requests for conferences 
which will keep our three men constantly busy. Other firms 
are indicating their desire to begin the work as soon as we can 
give them the time of a conference leader. 

A rather interesting peculiarity about ‘‘selling’’ conferences 
is the fact that whoever gives the satisfactory demonstration 
is always requested by the firm to conduct the entire program. 
The firm usually believes that we have used our best man to 
demonstrate and then expect to switch to some poorer man for 
the actual work. We have therefore always made it a point to 
demonstrate with the man that we expect to use in that par- 
ticular territory. 

Some of the results of this method with the plants where we 
have done this work can be summed up under the following 
items: 

1 Continued high interest. 

2 Content matter readily absorbed. 

3 Retention of the knowledge gained. 

4 Assurance of the application of this knowledge to the job. 

5 Development of analytical ability. 

6 Development of ability to weigh facts. 

7 Development of a common understanding among the 
foremen and other plant executives. 

8 Assurance of the practicability of the content matter to 
the extent that it will result in ultimate cost reduction. 


Arruur WiwuiaMs.* The writer feels that the question of 
building a reserve force and having department heads train 
those under them to take their place is one of the greatest im- 
portance. The points the author has made about diversified 
training and the idea of discussing matters in groups also appeal 
to me as being finely thought out. 

In the early days we leaned largely to the idea of the “born” 
salesman, but the supply soon gave out. In any event it is only 
by such thorough training as suggested by the author that the 
representative, whether salesman or not, can leave a lasting and 
convincing impression upon the customer. It oftentimes means 
the difference between a good opinion on the part of the latter 
or a bad one. Perhaps most important of all, training and pro- 
cedure along the lines suggested do much to enhance among 
the employees that most essential of qualities, sound judgment. 


€ Vice-President, Commercial Relations, The New York Edison 
Co., New York, N. Y. Mem. A.S.M.E. 
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Joun D. Bearry.’ It seems to the writer that in the smaller 
towns, such as Middletown, where there are one or two large 
manufacturing companies, the companies perform nearly all 
of the educational functions, while in Pittsburgh and other 
large communities we find that the universities and public schools 
are doing a great deal of the training. 

We have at the Carnegie Institute of Technology 4000 night- 
schoo! students who are acquiring valuable technical education 
for a nominal fee. The majority of these men come from about 
30 of the leading firms in the Pittsburgh district. The Westing- 
house Company alone has over 400 men taking vocational courses. 
A startling fact discovered upon registration of these 4000 
students was that 11 per cent were unemployed owing to a 
slacking of the industries in the district. The employees’ desire 
for an education continued, and I am glad to say that all the 
good men in that 11 per cent have been re-employed by the 
companies forced temporarily to lay them off or have been 
employed by another company in the same line. 

Another fact discovered during the recent slowing up of busi- 
ness was that the college graduates held their jobs. Of this 
group we noticed that '/,) of 1 per cent were out of work in any 
one month as compared with 11 per cent of the non-college group. 

You have been talking about foremen, men who are not edu- 
cated, but industry today is demanding college men, and the 
colleges are becoming a testing ground not only for big executives 
but also for the minor executives. They say it takes 20 yeurs to 
become an executive. Four years in college gives a good test 
of what a man will do. A recent study at the Carnegie Institute 
of Technology showed that the men who had a high scholarship 
rating and high activity rating, a good personality as we might 
say, were the most successful after they were graduated from 
school. They earned the most money and had the best positions. 

All the technical schools and universities have been trying to 
persuade the industries that scholarship is a measure of a man’s 
capabilities in the business world. A recent article entitled, 
“Does Business Want Scholars?”’ by W. 8. Gifford, president 
of the American Telephone and Telegraph Company, published 
in Harper’s Magazine, May, 1928, substantiates this theory. 


Ortan W. Boston.* The author stated that 25 per cent of 
the students enrolled in these courses were high-school graduates 
and another 25 per cent were college graduates. I should like 
to ask if the additional four years of training in college is manifest 
in the results that are obtained through this foremanship or 
managerial course. 

The writer, although interested in, has not been directly 
active in the matter of training for industries for eight years, 
but was for two years following the war. During that time Dr. 
Howe, president of the Case Scientific School, called a neeting 
of representatives of about 60 Cleveland industries to determine 
what the industries expected in college graduates at the time of 
their employment. I happened to represent one of these in- 
dustries. It was interesting to learn that the majority present 
favored an engineering graduate who had been given a general 
training, that is, one who was well versed in English, perhaps 
4 little public speaking, economics, and the fundamental subjects 
of chemistry, physics, and mathematics, rather than one who 
had specialized in any line of engineering work. It seems then 
that training for industries can be divided into two main phases: 
one is the college training needed by the industry, and secondly 
the subsequent training by the industry for the positions to be 


filled. 


‘Secretary, Bureau of Recommendations, Carnegie Institute of 
Technology, Pittsburgh, Pa. 

* Professor of Shop Practice, University of Michigan, Ann Arbor, 
Mich. Mem. A.S.M.E. 
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I once started a statistical department in an industrial plant 
as a part of a program to reduce costs. I charted certain ac- 
counting-department records and mounted the charts on the 
wall of my office so they could be observed and studied by the 
employees and supervisors. Information was presented, such 
as attendance and lateness; costs of unit parts, such as sub- 
assemblies and final assemblies; departmental expenses; general 
costs, such as direct labor, direct material, overhead expenses, 
administrative expenses, and selling expenses; and cost of 
scrapped material. The foremen and other supervisors soon 
became interested in these charts, as well as in the general welfare 
of the company. Many additional subjects pertaining to shop 
practice were discussed. It was evident that by giving these ad- 
ministrators of various departments and divisions information 
pertaining to their work they were better able to direct and con- 
trol their work. 

I wonder if in the course of training illustrated by the author 
it included such items as costs; that is, if the items that enter 
into the cost of parts being made in that plant, such as direct 
labor, direct material, overhead, and so on, were given to the 
workmen or whether hypothetical cases were used. It seems 
to the writer that it is very desirable that the foremen and 
superintendents be given information regarding the particular 
industry. I think that the quickest way to gain their confidence 
is to make them feel that they are a part of the organization, 
although I know of some companies that resent that attitude. 


C. P. Morrey.* One question has bothered our organization 
to some extent. We have conducted a part-time training course, 
apprenticeship, and on the completion of this course we aim 
to train the men for foremen’s positions; but we found that, 
with the exception of one student, these men on completing 
their training have entered college, taking them entirely out of 
the field of the assistant foreman’s or foreman’s position, and 
going elsewhere for work. Also when men have been trained, 
has there been any difficulty in placing them in more responsible 
positions, and if openings are not available, do those men get 
uneasy and look elsewhere for work? 


W. T. Macruper.” We know that the majority of engi- 
neering college graduates become supervisors and executives 
in the course of time. Their post-graduate training should 
therefore be with this objective ever before them. As to what 
may be done to help the graduate, my first answer is that he 
should be induced to become a member of The American Society 
of Mechanical Engineers, or the kindred society of whatever 
industry he enters. A year ago I tried to get the Council to 
see what could be done relative to getting a larger number of our 
M.E. or B.S. graduates in mechanical engineering to become 
members of this Society, as I was surprised to find that only 
from 8 to 38 per cent of those graduated in mechanical engi- 
neering are members. The same is probably true of the other 
professional engineering societies. 

Second, he should be made interested in the work of that 
society. The trouble seems to be that too many of our graduates 
ure thinking of their education as that of a trade education 
rather than as a professional education. The idea is, ‘Oh, 
I have my education. What more do I want?’’ Commencement 
Day is for some a “Terminus Day,’’ educationally. 

Third, they should be permitted and urged to attend local, 
regional, and professional meetings of their society and required 
to read some of the papers in which they should be interested. 

Fourth, the young graduate who expects to rise and become 


® Rhode Island Coal Co., Providence, R. I. 
10 Professor Mechanical Engineering, Ohio State University, 
Columbus, Ohio. Mem. A.S.M.E. 
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a minor executive should subscribe to at least two technical 
magazines in their present and desired line of work, and should 
read them, and thereby keep up their interest in some one 
branch of the profession. If they can be induced to subscribe 
and pay for a technical magazine, they are more likely to read 
it. The next best practice is for the company to subscribe to 
several magazines and assign to different men who would be 
benefited there by the reading and abstracting on the company’s 
time of articles which should be helpful to the company. 
Fifth, the young graduate and all executives should be ex- 
pected to be interested and take part in some of the civic, social, 
charitable, religious, and recreational activities of the com- 
munity, and so be a human being and a man as well as an engineer. 


The author said that you never produce executives except by 
letting the executive produce himself. When you have the 
opportunity to let a man have a little chance to show his ability, 
as for example when a foreman is sick or on vacation, then you 
will find out whether a man has initiative and stamina, and if 
he is able to lead. You may give him a chance for two weeks 
in the summer-time when it is hot and the gang foreman is 
away. Does he run away with the job or does he let it run 
away with him? Does he rattle around or actually do something 
worth while? You can watch him and see what he does know 
and can do. You have to train your executives by letting 
them train themselves; but the way to train them is to give 
them a chance. 
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Systems of Workman Payment in Porcelain 
Factories 


By HOBART M. KRANER,' EAST PITTSBURGH, PA 


This paper describes the application of Standard Time and 
several other incentive systems as applied specifically to an electric 
porcelain plant. It points out the necessity of detailed study of the 
various operations in determining the applicability of the systems 
to these operations. It also points out the disadvantages of the 
simple piece-work system so much used in porcelain plants where 
Standard Time and other such wage-payment plans have not been 
studied. 


T IS NOT the purpose of this paper to describe applications 
of various wage-payment plans, but to give a description 
of methods which are being applied in the operation of in- 

sulator plants. 
The straight piece-work plan in which the workman obtains 


a uniform price per piece is the one generally used as an incen- 
tive for greater output in ceramic plants. The reasons for this 
system being used so extensively are probably that (1) the size 
of the organization does not warrant employment of personnel 
particularly well acquainted with other information along such 


lines, and (2) that a simple piece-work system makes calcula- 
tion of the wage due the man relatively easy. Such straight 
piece work has the disadvantage to the workman of severely 
penalizing him for things often not within his control. It is 
impossible for a new man or one using a defective tool or die to 
make a reasonable wage. In the latter case it may be one of the 
unforeseen difficulties encountered in manufacturing. Obviously, 
neither of these men should be penalized by smaller wages due 
to these causes. Although piece work does stabilize costs and 
simplify calculation for the cost and payroll clerks, it is unfair 
to the workman. . 

In some porcelain plants, particularly those making dry-press 
porcelain, it would be difficult to form many pieces by straight 
piece work due to the fact that the orders are small and it would 
be difficult for the workman to develop technique sufficient to 
warrant establishing a piece-work price on certain jobs. 

In one dry-press porcelain plant the management has abol- 
ished piece work entirely. They do, however, keep accurate 
production records and have a thorough knowledge of fair daily 
production on all standard pieces made. The quality of the 
man is subject to periodical grading according to his production 
records. This has the effect of giving the man fair treatment 
on days when he may not be feeling 100 per cent efficient or 
when, for reasons not within his control, he may be unable to 
produce an amount representative of his ability. 

It is becoming more general to recognize the necessity of es- 
tablishing a minimum wage whereby the workman can be assured 
of a minimum figure for his day’s effort. An incentive for greater 
effort is also to be desired. Many such plans have been devised.* 
Standard Time is an incentive system which has for a long 
ume been satisfactorily applied to operations in large industrial 
plants and is now being applied with equally good results in 
porcelain-insulator manufacture. It is believed that the suc- 


‘Ceramic Engineer, Westinghouse Elec. & Mfg. Co. 

*“Industrial Organization,” Kimball, American Management 
Association, 1925. 

Contributed by the Management Division and presented at the 
Spring Meeting, Pittsburgh, Pa., May 14 to 17, 1928, of Toe AmeERI- 
ong "x or MEcHANICAL ENGINEERS, 29 West 39th Street, New 

ork, N. Y, 


cess with which this is being used warrants a description of the 
application. 
Standard Time operates as follows: 


1 All operations of a job are classified or evaluated. This 
establishes the quality of man required on the operation. 

2 The Standard Time is the time allotted the man to pro- 
duce 100 pieces on his operation. This is established by time 
study or experience. 

3 If for any reason the man fails to meet his Standard Time 
he is not penalized and receives his guaranteed hourly rate. 
Continual failure, however, will attract investigation. 

4 If the man meets his Standard Time he receives an in- 
creased hourly rate of approximately 10 per cent on his entire 
day’s production. 


The successful application of piece work or any other incen- 
tive plan such as Standard Time will depend upon: 


1 Standardized methods of production 
2 Sufficient production to warrant such a system. 


Porcelain plants are not sufficiently perfect in these to per- 
mit a full introduction of Standard Time, as the accompanying 
flow sheets will indicate. The description of the application 
also indicates how far this plan can be introduced in porcelain 
manufacture. 


Puiastic-Process PorcELAIN 


Raw Materials. The unloading of raw materials is often 
influenced by non-uniformity of the clays received, whether 
wet or frozen, etc., and by difficulties in having cars placed prop- 
erly. These conditions may affect the satisfactory application 
of an incentive system. The predominance of materials such 
as china clay, flint, and feldspar which are easily unloaded by 
hand methods or by the assistance of conveyor systems makes 
it possible to apply such systems to unloading of raw materials 
very satisfactorily. 

Body Preparation. Probably the most critical of operations 
in a porcelain plant is the weighing of the mix. This should 
not be placed on any incentive system. Ball milling and blung- 
ing are operations which are governed by the time required for 
the equipment to prepare the material. Since this is not within 
the power of the men to change, these operations cannot 
be put on any but day work. Filter pressing, pugging, and 
mauling into aging cellars are readily paid Standard Time. 

Pugging the aged clay into blanks for subsequent operations 
is another critical operation which requires the unlimited time 
of the men to obtain uniformity of product. This, therefore, 
should be done by day work. 

The forming and subsequent operations of high-tension-insu- 
lator manufacture are well standardized, and Standard Time 
is readily applied to the hot pressing, trimming, glazing, and 
sanding operations. Most of these operations are done in groups 
or gangs in which a number of men apply their efforts simul- 
taneously on the several parts of the major operation. For 
instance, in hot pressing there are mold fillers and mold runners 
as well as the pressmen. Each receives an individual hourly 
rate depending upon his work in the gang. 

Placing of ware in kilns, whether this be into periodic or tunnel 
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kilns, is always a subject of serious consideration. Firing is 
approximately 30 per cent of the manufacturing cost, and it is 
essential that the kilns be filled as full as is practicable. Some 
inducement must be offered the men to utilize all the space that 
is available. Some plants give each of their shapes a unit value 
based upon their overall cubical contents, and to establish in- 
centives for compact filling of the kiln. This method is practi- 
cally identical with another which is used perhaps even more 
generally, in which the actual cubical content of the piece is 
indicated in cubic inches. The placing efficiency is then indi- 
cated in cubic inches. By so doing the men will place small 
pieces of ware in and around larger pieces or in other hollow pieces, 
thereby utilizing the kiln space to the fullest extent. 

The same methods may be readily applied to the loading of 
tunnel-kiln cars. Here it is a matter of greater importance 
to the safety of the kiln and ware, however. The choice of 
first-class saggers and lack of painstaking placing of ware may 
result disastrously. It may therefore be inadvisable to place 
tunnel-kiln operation on any incentive plan which would appear 
to reduce costs unless the management can be assured of eternal 
vigilance on the part of the foremen in safely loading the cars 
to stand the trip through the kiln. 

Drawing of ware is easily placed on an incentive basis. In 
periodic-kiln practice the kilns will average so nearly the same 
in quantity placed on the cubical-content or unit method that 
the kiln may be used as the drawing unit. Drawing as well 
as placing is usually a gang operation, and includes delivery 
of ware to the inspection department. Inspection is usually 
regarded as part of the firing operation and is, of course, day 
work. 

Dry-Pressed Ware. The mixture for dry-pressing porcelain 
is prepared the same as the plastic-process material, except that 
the filter cakes are allowed to dry and are then pulverized. It 
is quite convenient to set rates on dry pressing, and this depart- 
ment is very readily placed on Standard Time. Furthermore, 
it is possible to place dry-press clay preparation on a basis 
whereby the cost of clay preparation is standardized. The men 
pulverizing and screening the clay can operate as a group and be 
paid in proportion to the presser’s output. Trimming and glaz- 
ing of dry-pressed ware are likewise logically paid by Standard 
Time. 

Cast Ware. Preparation of the body for casting bushings, 
etc., for high-voltage use consists of weighing, ball milling, and 
screening. As stated before, such operations should be paid 
for as day work. 

The making or casting operation requires that the caster work 
on so many different styles at the same time that it is difficult 
to place a rate on the respective styles in this operation. This 
would not be true in casting plants where one man makes only 
one style of piece as is done in sanitary-ware plants. 

Trimming or turning of cast ware is, however, very readily 
placed on Standard Time for, although a man may work on a 
number of different-style pieces in his day, the time required 
for each is definitely obtained. Difficulties encountered in glaz- 
ing, and care required in time handling of large cast insulators, 
make it inadvisable to place glazing of such large pieces on any- 
thing but day work. 


SAGGERS 


The sagger departments of most ceramic plants are very adapt- 
able to incentive-plan payment of labor. The preparation 
and making may be operated in group system. This has gone 
in some plants even so far as to pay men only for the dried per- 
fect saggers upon their delivery to the placing foreman. This 
puts the responsibility of drying in the hands of the sagger- 
shop men. 


Crate MAKING AND PACKING 


Packing is done in crates, thin boxes, and special thin wire- 
wood boxes. Crates and boxes are each made by machine in 
several operations. Each operation is paid by Standard Time. 
Packing is likewise paid by Standard Time. 


Suop-Propuction AND Loss REcorpDs 


Such records are of vital importance to the cost department. 
In a department where sufficient ware passes to make it econom- 
ical, it is most satisfactory to employ a clerk to obtain these 
data. Foremen in the smaller departments must be relied upon 
to turn in proper records by checking up on the pieces mace 
by their men and reporting losses at each operation. Loss reports 
are necessary in order to obtain accurate cost data. It has been 
found that by pointing out discrepancies between numbers pro- 
duced and losses from operation to operation, the figures given 
to the cost department are kept fairly accurate. For instance, 
if a dry presser pressed 1000 pieces and a trimmer reported 1 100 
trimmed, the discrepancy would be apparent. The cost depart- 
ment therefore has a check on the foreman on the small orders, 
but the overlapping of quantities in the various operations on 
the styles being made in large quantities makes such a check 
impossible there. Fortunately such larger production will bear 


FLOW SHEET 
Prastic-Process PorcELAIN MANUFACTURE 


Raw-Material Unloading 
Body Preparation 
Weighing 
Blunging 
Ball Milling 
Filter Pressing 
Pugging and Storing 
Pugging (blank cutting) 


SUSPENSION AND MULTI-PART 
PIN-TYPE INSULATOR TUBES JIGGERED WAR! 
Hot pressing Turning Jiggering 
Mold filling 


Mold running Trimming 
Dumping from molds Drying 
Ware carrying Drying 
Trimming 
Ware carrying Glazing Glazing 
Drying 


Glazing, sanding and ware 
carrying 


Placing and ware carrying Placing Placing 
Firing 
Drawing Drawing Drawing 
Inspecting 
Testing Inspecting Inspecting 
Assembly 
Spraying Testing Testing 
Cementing 
Cleaning 
Testing 
Packing Packing Packing 


Fiow SHEET 
Cast PorcELAIN 


SHEET 
Dry-PRESSED PoRCELAIN 


Body Preparation Body Preparation 


Crushing filter cakes Weighing 
Pulverizing Ball milling 
Screening Casting 
Pressing Drying 
Trimming Turning 
Glazing Glazing 
Placing Placing 
Firing Firing 
Inspecting Inspecting 
Packing Packing 
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the expense of such clerical help, and this is of course the most 
satisfactory. 


CONCLUSION 


It has been shown by the foregoing that a modern incentive 
payment plan can be applied to the manufacture of a wide variety 
of porcelain pieces. The methods described are not as yet 
perfected and are undergoing constant study to eliminate day 
work and piece work in an effort to not only reduce costs but 
to obtain accurate cost data. 


Discussion 


tonERT F. Ferauson.* This method is very similar to one 
which is fairly well established in the making of firebrick. In 
the firebrick industry a certain number of bricks is counted as 
a day's work. Whenever that number of bricks has been made, 
the men go home. If they make more, they get paid for more 
than a day’s work. Take, for instance, a hand molder. If he 
should mold 800, he gets one and one-third pay. If he molds 
600, he gets the full-day pay. If he molds his number of bricks by 
noon, he can go home. The firebrick plants are rather small and 
are pretty well under the control of one superintendent, which 


in 


might make it easier than in a big plant, but this system prevails 
practically throughout all plants, and very few men work straight 
hours. In the case of hand molding, the number of bricks that 
the hand molder gets out and that pass the inspector sets the 
day's wages for everybody connected with the hand-molding 
department. The hand molder’s rate will determine the wage 
for the carry-off boys and the men drying the mud and the men 
that wheel the clay; it is all based on the number of bricks he 
gets out. The only thing this is tallied is the day’s production 
and that has to be turned in anyway. And from the number of 
bricks that the hand molder gets out, the wages of the clay wheel- 
ers, pan tenders, mud wheelers, and carry-off boys will all be 
fixed, 

In setting the green brick, the number of bricks determines 
the wages for the green-brick wheelers and laborers connected 
with setting. In the case of setting intricate shapes which re- 
quire care and where there is apt to be a loss to the man, a rather 
unique system prevails in Pennsylvania plants. The one crew 
will be working on the brick and several other men will be working 
on the shapes. There will be no time kept at all of the number 
of special shapes. They will divide up, and one crew will work 
on standard bricks and the other crew on the intricate shapes, 
and whatever the crew makes on the standard bricks will be paid 
to the crew on intricate shapes. 

In wheeling burned brick a standard number of brick is the 
basis for a day’s work. Whenever a certain number is wheeled 
the workmen are through. Everything is based on the 9-in. 
firebrick, and there is an adjustment figure for specialties. For 
instance, if a molder is supposed to make six hundred 9-in. fire- 
brick, in complicated shape he might only have to make 400 
equivalents, or if it is very intricate, 200 equivalents. Rates 
for these conditions have to be established, and are not estab- 
lished on the number per day, but on the basis of the 9-in. 
equivalents supposed to be counted for a day’s work. 

The same system is followed throughout the kiln firing. A 
Man is supposed to be paid on the basis of 12 hours’ time for firing 
ahot kiln. If the kiln is in the preliminary stages, he is credited 
with half-time. In other words, if he is in charge of only one 
fresh kiln he gets 6 hours’ pay for doing 12 hours’ work. If he 
has one hot kiln, he may get 18 hours’ for 12 hours’ work. If he 
happens to have two hot kilns, he may get 24 hours’ pay for 12 
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hours’ work. The same system is followed all the way through 
the manufacturing process from the green mud to the burned 
brick. It seems rather complicated, but when understood, it 
is admittedly a rather fair method. 

In machine work it is not quite so easy to apply this method 
because there are always difficulties such as breakdowns, loss 
of power, belt slippage, and “‘galloping the goose’’ as we call it, 
which is running the clay out of the augers and back into the pug 
in circles. Things like that are bound to happen, so it is not easy 
to apply the method in a machine plant. But it is done by set- 
ting a limit fairly low so that the men can finish their day’s work 
by three o'clock, and then, if everything goes all right and they 
work until four, they get more than a day’s pay. We make 
plenty of allowances for things beyond the men’s control. 

There is very seldom any misunderstanding with the manage- 
ment and the men working close together. The firebrick in- 
dustry in Pennsylvania is old, and traditions have been worked 
out and precedents have been established so that there are not so 
many questions as would seem on the surface of it. The writer 
thought it might be of interest to know that the author's system 
was not unique; but that it is one which has been pretty well 
established in the Pennsylvania firebrick industry. 


J. B. Biewerr.* The system that seems to appeal to some 
branches of the refractories work is to establish a certain amount 
of work with no practical limit. That is, within 10 per cent 
variation, a man wheels 8000 bricks for a day’s work. He would 
not be permitted to run 8500 and he would not be permitted to 
work more than eight and a half or nine hours, or whatever his 
hours are. The object is to keep up the quality of the man’s 
work, and to hold him to a set standard rate, and not to make it 
possible for him to hurry and get so much done that he can get 
home at noon. 


P. D. Hevser.® The author's discussion of the different sys- 
tems of wage payment being used by the various porcelain fac- 
tories is, indeed, very interesting. The Standard-Time system 
certainly has considerable merit. It would appear, however, to 
be more readily applicable to some branches of the ceramic in- 
dustry than to others. 

A large percentage of high-voltage insulators, for example, 
are formed by the hot-press method, which is a mechanical oper- 
ation, whereas vitreous sanitary ware is made almost entirely by 
the casting process, which not only is a hand operation but re- 
quires considerable craftsmanship. Furthermore, in the casting 
process, as in all hand operations, the personal factor is involved 
to a very large extent. It is undoubtedly possible, however, to 
use the Standard-Time system in the ceramic industry much more 
widely than it is being used at present. 

A number of the vitreous sanitary-ware manufacturers are 
at present using the straight piecework system of wage payment. 
The base rate is established by taking into consideration the 
skill required to make the piece, the finishing required, the weight 
of the piece, the conditions under which the work is done, the 
number of pieces that constitute an average day’s work and an 
adequate daily compensation for the service rendered. For ex- 
ample, the fair rate on one piece may be 70 cents. If ten pieces 
are made per day the total daily wage would be $7. If, how- 
ever, the pieces are very large and require considerable work and 
skill, a total daily wage of $9 might be warranted. If it is 
possible to make only three pieces per day, the rate would ob- 
viously be $3 per piece. 

Some of the larger sanitary-ware manufacturers use a wage- 
incentive plan commonly known as the bonus system in con- 

* McLaine Firebrick Company, Wellsville, Ohio. 

5’ Eljer Company, Ford City, Pa. 
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nection with the regular piecework system. While it varies some- 
what in detail and application at the different plants, it is essen- 
tially the same. Each piece of ware is marked permanently with 
the number or initials of the workman and the date made. Ifa 
workman has no loss for a period of one month he is paid a total 
of 10 per cent of his total earnings for that period. If he loses 
one piece, he is paid a bonus of 8 per cent; two pieces, 6 per cent; 
three pieces, 4 per cent; four pieces, 2 per cent; and five pieces 
or more pieces, no bonus. One company has a bonus period of two 
weeks instead of one month. The ware is checked through the 
bisque kiln or first fire and all losses for which the workmen are 
responsible are charged back to the men on the regular making- 
price basis. If there are any losses in the glost kiln or in the 
finished-ware stock that are obviously due to poor workmanship 
these also are charged back to the men. A given sum of approx- 
imately $25 is retained from each man’s pay against which all 
of his losses are charged. 

One disadvantage to this wage-incentive plan is that the men 
are likely to conceal defects in an effort to have no losses charged 
against them. Such defects may not be found until the ware is 
placed in service. However, the various companies that are 
using this plan, as well as the workmen, appear to be well satis- 
fied with it. 


W. Kerra McAree.* The ceramic industry is very different 
from a great many industries inasmuch as it is empirical; there is 
practically no technical control in the same sense as in most other 
industries. For instance, take the problem in the casting shop. 
So far as the writer knows, we all pay piecework, so much a piece 
for casting, and at the same time fix a minimum of eight hours. 
We tell the man that he can make only 10 or 11, depending on the 
particular method. In other words, there is no incentive except 
to make the allotted number and pass the inspection given them. 
The reason is simply, as has been pointed out, that the man can 
gloss over defects before the ware is put into the kiln, so that 
if the green inspector can find these defects, the loss will not be 
as great as if the ware had gone through the kiln. Consequently, 
if the barriers are taken down and a wage-incentive or a 
speed-incentive scheme is adopted, there will be a lot of de- 
fective ware coming out of the kiln, because the man will take a 
chance and patch it up and it will not be caught in the inspec- 
tion, since the man can do some things to it that cannot be de- 
tected and that do not show up. It may even be something that 
will cause the piece to break open in the kiln. Of course, the 
same conditions exist in all other branches of the ceramic industry. 

For that reason any wage-incentive scheme must also have a 
factor in it that is governed by performance. In other words, 
the writer personally would hesitate to put in Standard Time 
unless there was some factor also incorporated that had a direct 
relationship to the product. 

The author excepts certain operations on which he says that 
they do not use Standard Time; for instance, in placing. The 
reasons given for not applying Standard Time to those operations 
apply to practically every operation in our own plant, with the 
possible exception of the bisque-ware packing department, or the 
like, where the work is not particularly skilled. 

The two operations that the white-ware manufacturers are 
interested in are the making and the glazing, and those are two 
important places for wage-incentive schemes. How should we 
get a relationship between this wage-incentive system and the 
quality of product? 

In our works we used a scheme, although we are not satisfied 
with it, based on the amount of ware out of the glost kiln for the 
month, not counting the small pieces which are not important; 


* Vice-President and Gen. Manager, Universal Sanitary Mfg. Co., 
New Castle, Pa. Mem. A.S.M.E. 


that is, counting the tanks, but not the lids and light escutcheons, 
and disregarding these because the percentage of bad ones is 
negligible. We count the large pieces from a half washdown up, 
and then add all bisque broken pieces to that. We consider 
that summation, arbitrarily, as the number of pieces processed. 
That is practically what it is, although there are some endless 
turns on the flow sheet, but they are relatively small. The num- 
ber of “‘A’’ pieces over the number processed gives a factor that 
we call plant efficiency. We set a bogey of 85 per cent. That 
may sound low, but it is not so bad in the ceramic industry. 
When we exceed that figure in performance—suppose we get () 
per cent, exceeding the bogey by 5 per cent—we tell the men that 
we will split fifty-fifty, we will give them two and one-half per 
cent on their wages. That works very much the same as this 
by-product bonus spoken of. We have in the sanitary plant men 
for wheeling clay. The two and one-half per cent is very smal! 
in money, and they have little to do with performance. ‘The 
dipper, who is perhaps the highest-paid man, also gets the two 
and one-half per cent, but it is a much larger bonus, and his work- 
manship is vital to performance. We pay in proportion to the 
skill. The scheme has worked out very nicely. We keep a 
daily accumulative percentage and post it on the bulletin board, 
and no man will pass the bulletin board without stopping to see 
what the curve is for that day. It createsa spirit of rivalry, even 
when the bonus is very small. It is as much a matter of pride 
as the actual money they get. 

Another bonus was simply given for quantity. We had a 
curious experience in starting up a plant in a coal-mining dis- 
trict, employing mostly former miners. The hardest thing that 
we had to overcome was the miners’ habit of not working a full 
week. They would work three or four days and get $6 or $74 
day and then they had enough to spend for that week and we 
would see nothing more of them until the next Monday morning. 

Of course, in running a tunnel-kiln they cannot do this, and al- 
though every one was on piecework, and paid in proportion to the 
work accomplished, we could not get them to work the full week 
until we offered a bonus for a full two weeks’ work. In other 
words, if the man’s quota was ten a day, as it is on washdowns, and 
fifteen days to a pay period, if he delivered 150 past the inspector 
in that pay period, he gota bonus. It was not two months before 
every one was making the bonus. On straight piecework they 
would not get the ware out, but yet just the offer of this small 
bonus of $5 a month, or something of the kind, where their 
monthly earnings were $200, helped put the thing across. In 
about two months the casting shop had doubled its production. 

In the Bausch & Lomb Company in Rochester quality is pretty 
much of an item. They emphasize the quality factor as well as 
the speed factor. In other words, the bonus is based on the 
savings effected rather than on the speed alone. 

The trouble with this group is we are too much in agreement. 
I think most of us are using the piecework system and agree that 
it is wrong. A suggestion has been made that applied to the 
sanitary casting shop—that we take a piece, for instance, that pays 
70 cents, and if the man makes 10 pieces he will receive a $7 wage. 
Suppose we cut that rate down to 60 cents a piece, and then it is 
quite easy from our statistics to tell how many pieces that man 
gets out, each piece having his number on it and the date it was 
made. Now suppose we paid him 15 cents for every piece that 
came out A grade. Then he would receive 75 cents a picce for 
all the ones he had made that came out A grade. Suppose it 
came out B. You would give him, say, 7 cents for each B that 
came out, and he would get 67 cents or about a 3-cent penalty 
on his former rate. He would not be paid anything if the piece 
were broken but the 60 cents that he was paid originally for the 
piece. Of course it raises immediately a large question when it 
comes out B or broken as to whether it was the fault of the maa 
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or whether the slip was bad that day, or some other condition 
beyond his control was at fault. 


S. H. Stevenson.’ Our company’s practice has been haphaz- 
ard, and it has been based, like most other dry-press porcelain 
plants, upon the factor of speed alone. That is we try to get as 
much as possible from each employee and the factor of quality 
has not entered in to the extent that it should. We have about 
come to the conclusion that in the dry-pressing of electrical 
porcelain, on special shapes particularly, the law of diminishing 
returns operates. A man can work only so fast, and when he goes 
beyond that limit, quality suffers. There are certain definite 
limits in so far as speed is concerned. As for saying that the wage 
system used in our plant is the right one, we do not know. 

Three things enter into the setting of rates and wages at our 
factory; first, our labor costs must be in line with our competi- 
tors’; second, we must compete with the other industries in 
our locality (which in our case is the rubber industry), in order 
to secure the most desirable men; third, we would prefer to pay 
the men wages that will make them contented, and not keep them 
until they find some other work. In our particular plant the 
policy is not to employ the cheapest labor, but rather to employ 
the best at prices which will keep it contented and still allow us 
to compete. Our wage scheme is certainly far from perfect and 
we are groping around for a better one. 

The whole object seems to be that we are all selling the public 
on quality; that “We are making the best there is.’’ I have 
often wondered if any intelligent effort has been made to sell 
the workmen in the plant on quality. Are the workmen who are 
producing the goods consistently sold upon quality? Is an effort 
made to have the workmen instilled with the idea of quality? 
Sell quality in the plant rather than in advertising to the public. 
I have often wondered if other plants have tried this and what 
effect it has on quality. 


JoserpH F,. Barnes.* Has the author ever seen a group in- 
centive plan where a bonus was paid for quality used in the 
ceramic industry? I have seen that work in the by-product 
division of the steel mills. 

As you know we all like to pick flaws in this incentive wage 
plan. The worst fault of the ordinary piecework system seems 
to be that there are two kinds of jobs, good-paying and poor- 
paying piece rates. Apparently this will always be true because 
of constantly changing manufacturing conditions. Some fore- 
men have to be regular diplomats to keep their men satisfied. 
In the sanitary potteries there are many times when a workman 
will have some pieces to make which pay him well for his time 
and others which pay him but poorly. Usually the good pieces 
are non-competitive items on which there is a fair margin of 
money. 

It is true in almost any industry, that is, on piecework that 
there are “good jobs” and “poor jobs.’’ Even in the Standard- 
Time system with bonus for production there are “good jobs” 
and “poor jobs.” That system of payment has been worked 
in some of the shipyards where steel erection was analyzed and 
4 standard time and a standard price were made on an erection 
job. Some jobs would be good jobs, and the crew could get done 
by twelve o’clock and then go home at the earliest quitting time 
allowed, say two or three o’clock, and make a bonus too. Other 
jobs would be “poor jobs” and the men would work hard all day 
and never make a bonus. The foreman, to even things up and 
be fair, had to sort these various jobs and give out a good job 
with a poor one and the men had to take them together. 

_ Of course much of the weakness of standard time in the cer- 


: Secy-Treas., Akron Porcelain Co., Akron, Ohio. 
Eljer Company, Ford City, Pa. 
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amic industry has been due to the efforts to adapt a system de- 
veloped in a background of machine operations. In many of 
these operations the overhead-time cost of the machine used was 
far in excess of the operator’s earnings. There the idea of Stand- 
ard Time is to put a bonus on speeding that machine up. We 
will say that the man gets 60 cents for a given operation and the 
machine-time rate-—the overhead on a milling machine or some- 
thing of that kind—will be worth four or five times the man’s 
rate. To get that operator to utilize the high cost of his machine- 
time overhead a premium must be put on piece production. 
That is what is common in the automobile and other industries 
of this kind. Say the Standard Time is worked out so that a man 
gets out an average of 100 pieces and makes $6a day. If he makes 
150, not only does he get paid on the basis of 150 pieces but the 
rate per piece is also increased by a small bonus. 

Now, obviously, in the ceramic industry that will not work, 
because as has been said in previous discussion, the law of dimin- 
ishing returns in quality hits hard. In the sanitary pottery with 
a fluid-cast process the ordinary workman will make 10 or 12 
washdown water closets per day. If this workman studied the 
elemental motions of his work and tried to make 20 washdowns 
a day, he might succeed, but as a large part of the work is hand 
finishing the quality of this handwork might suffer a lot. I be- 
lieve it has been done in exceptional cases but on the average it 
will not. Unfortunately defects often will not appear until 
the piece has been dried and fired and by then the piece will have 
passed through five or six men’s hands. It then becomes difficult 
to hold a particular man or department definitely responsible for 
the defect in question. 

In a system that the writer observed in the by-product works, 
every one in that plant got a bonus when efficiency went above the 
standard value. In terms of the sanitary pottery, say that we 
are ordinarily producing 92 per cent A grade, if we produce 95 per 
cent A grade that small difference often means the difference be- 
tween loss and profit. In this by-product coke works when they 
got a certain percentage under distillation every man got a little 
bonus. We will say that the fireman’s bonus on maximum effi- 
ciency was about 6 cents a day while the chief chemist received 
around 30 cents a day. Now you will say that the chief chemist 
could affect the efficiency ten times as much as the fireman. 
However, the fireman could let the steam go down. He could 
affect efficiency in turn just as well as the chief chemist. This 
bonus was worked out on a sort of hit-or-miss value, but the fact 
was that the incentive was there, and the strange thing is that it 
worked. 

I understand that the bonus system mentioned was originally 
adopted as part of an effort to cut labor costs. Previously this 
had been attempted by arbitrarily cutting a man off the payroll 
here and there with the result that the plant was finally actually 
trying to operate without enough men to do the job properly 
under ordinary human efficiency. The superintendent could not 
hire any more men, and he had to get better work, so he put a 
premium on efficiency, and in this case he succeeded where the 
attempt merely to cut down on the labor and on the overhead 
had resulted in trouble here and trouble there. You know what 
it means when you do not have enough men to doa job. You 
go down to the ball mills, and they are not finished. They cannot 
get the slip out, it will not be finished by quitting time and that 
means four hours’ overtime—so it goes. 

The writer has never seen such a group bonus plan applied to 
the ceramic industry. 


Louis E. Smrrn.* I am familiar with several contract or in- 
centive schemes where we take certain kinds of wages in one plant 
and compare them to wages on similar work in another plant. I 


* Jones & Laughlin Steel Corp., Aliquippa, Pa. 


13 


is 
up, 
der te 
ed, 
ah 
hat 
hat 
ry. 
hat 
per 
his 
nen 
iall 
The 
Wo 
the 
rd, 
see 
ven 
ide 
la 
lis- 
hat 
full 
we 
ng. 
al- 
the 
ek 
her 
nd 
tor Te 
pre 
ey 
all 
eir 
In 
ty 
nt. 
vat 
he 
ge. 
is 
an 
at 
‘or 
it 
at 
ty 
he 
it 


14 


am also accustomed to comparison of two different piecework 
schemes to similar work in a third plant which does not have 
piecework. Each of these three divisions thinks its system is 
best and is always anxious for cost comparisons with the others. 

Any plant without a wage incentive can make a good showing 
against a plant using piecework by picking good foremen, paying 
them well, and letting them run the job, but the same plant would 
do even better if a wage incentive were used. 

I thought we would hear a lot of argument here today; I 
expected some one would say that all picework is wrong when 
quality is considered. We have not heard any expression on 
that side of the subject. All these systems apply more or less. 
I am not speaking for myself, but I see three or four angles and 
wanted and expected to get them all straightened out here, and 
I don't believe this has been accomplished. 


AvTuHor’s CLOSURE 


Inasmuch as the installation of this system was a gradual one 
from which each piece was studied and put under the new system 
individually, there was not very much trouble encountered in 
doing so. The system itself appeared to be more fair than the 
piecework plan inasmuch as the men were guaranteed a definite 
day rate. This is particularly valuable in cases where the man 
falls down due to emergencies such as power's going off. 

There was little or no suspicion aroused in the installation of 
this system due to the fact that it is simple and the men are able 
to figure their wage easily. It was our aim to give the men 
approximately the same wage under this system as they were 
able to make by a fair day under the piecework system. 

There were no notable changes in quality of ware after putting 
this system into use. If there were a change it was probably 
for a better quality. With this system, there was less hounding 
of the men to obtain the quality which we ordinarily required. 
It appeared that the men were more willing to take time to bring 
up this quality. 

There is no doubt that Standard Time will not work in many 
cases. We have operations such as the casting of large pieces 
in which one man is casting perhaps one hundred different shapes 
each day. Some of this work will run beyond the man’s work- 
day period and in this time perhaps two or three men will attend 
to the filling of the molds, emptying, ete. This means that it 
would be difficult to determine the time which each man gives to 
a certain mold. 

Another department in which it is difficult to institute an 
incentive system is the clay preparation department for dry press- 
ing. In this department the men need only to prepare sufficient 
clay for the dry pressers. They are consequently limited by the 
amount of pressing which is done or the number of pressers at 
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work. Obviously this overhead for the preparation of a uniform 
quality of material will vary considerably. At the present time 
we are preparing this clay by day work. In one dry-press de- 
partment of my acquaintance, the men were paid in proportion 
to the aggregate wages of the pressers. This worked fairly well 
but was not simple in that the men in the clay-preparation de- 
partment were able to calculate what their wage would be. 

It is difficult to put the preparation of clay for saggers on an 
incentive system unless the whole department is operated as 4 
gang. Ina sagger department of my acquaintance the gang was 
paid a definite amount per hundred saggers delivered in first- 
class shape to the kiln placers. By so doing, the responsibility 
for drying as well as the pressing and preparation of the clay was 
placed in the hands of the gang. 

There are certain operations whose times are predetermined, 
such as ball-milling. The time required for ball-milling a body 
in porcelain manufacture has been determined by the labo- 
ratory, and this of course is beyond any workman's control. Any 
speeding up of the process must be on operations not so limited 
For this reason, as well as the fact that the preparation of the 
body is really so critical, only day work is used in this depart- 
ment. 

The quality of the product is easily determined. The per 
centage of defective pieces is determined, of course, by the in- 
spection department, which makes a visual inspection as well as 
electrical tests. The inspection department's tests also incluck 
the penetration of organic dye under 50,000 Ib. per sq. in. hy- 
draulic pressure. The electrical test, of course, is final and ver) 
definitely determines the quality of the ware. It is of course 
necessary to have competent foremen to maintain eternal vigi- 
lence in tracing causes of any defects which might occur. This 
is obviously necessary in the case of any incentive system which 
might be used. 

As has been stated, it is necessary to have standardized meth- 
ods of manufacture and standardized methods of determining 
quality of materials in order that there may be no interruptions 
or irregularity in the manufacturing process. Under our con- 
ditions there is little possibility for the men to complain of slip 
consistency due to the fact that this is standardized by the con- 
trol laboratory. A large amount of our work is done by machin- 
ery and we do not therefore experience a large amount of trouble 
by intermittent losses such as are encountered where the produc- 
tion is more largely a matter of craftmanship. 

Our inspection department is somewhat independent from our 
factory, and it therefore feels free to use its own judgment re- 
garding the standards established. Inasmuch as it is independ- 
ent of the porcelain factory management, the attitude is generally 
an independent one and consequently establishes a high standard. 
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Hk. control of quality in a manufactured product can only 
be accomplished by coordination of design, provision of 
adequate and proper equipment and tools, establishment 


of proper controls to keep elements of the product within the 
limits of the standards set, and—by far the most important— 
the education of a controlling personnel. 


The making of a fine product is the result of carrying out a 


vision. In order to manufacture an article of high quality by 


modern industrial methods, it is necessary for this vision to exist 


in the minds of the management. the same as it is necessary for 
the image of a beautiful picture to be in the mind of the artist. 
In practice in industry this vision is called the design, so the 


first requisite is the preparation and development of a design 


in which the desired quality produet is fully detailed and explained. 


The designer must put the requirements into the design that will 


bring out a well-balanced, completed product incorporating 


the high standards which are in his mind. 


This interpretation of his wishes must be necessarily done 


by mechanical means. He must use drawings and specifications 


to outline what is to be made. The drawings show the outline 


of each part, what it is to be made of, the accuracy with which 


it is to be made, and the finish that is to be put upon it. These 


drawings are further amplified with elaborate and exhaustive 


specifications describing with utmost detail the quality of ma- 


terials, and the method and kind of workmanship to be used in 


accomplishing the degree of finish desired. It is impossible 


to produce a quality article by modern manufacturing methods 


without such mechanical methods of interpretation. The de- 


signer must not only be capable of creating a fine product. in 


his mind, but he must be capable of interpreting what the prod- 


uct is to be made from and how it is to be made and finished 
if the desired result is to be obtained. 

When the design has been completed it must passed be into 
the hands of master craftsmen who know how to interpret the 


work of the designer and how to produce it. The mechanical 


ganization which is to outline the means and methods for 
accomplishing the vision of the designer must know the machines, 
tools, and methods necessary and adaptable to accomplish the 


lesired end. Where the workers are skilled only on one machine 
r even one operation on one machine, it is necessary to have 
machinery and equipment which is automatically capable of 
producing work of the desired accuracy without relation to the 
skill of the workmen. ‘The mechanical organization which pre- 
scribes the machinery, tools, and methods to be used in accom- 
plishing the desired result must be fully conversant with all 
hat is available for economically doing work of the desired 
juality, 

The next element in control is a combination of human skill 
and mechanical equipment. Gages are made to make certain 
that the work produced falls within the limits prescribed by the 
‘esigner, and that the machines and tools have done their part 
i carrying out the plans of the master craftsmen. Any one who 
vas had experience in manufacturing knows how difficult it is to set 
an absolute standard and work to it. There is no such thing 
“ absolute uniformity. It is therefore necessary to not only 


‘Purchasing Manager, Packard Motor Car Co. Mem. A.S.M.E. 
; Presented at the National Meeting of the A.S.M.E. Management 
vision, Rochester, October 26 and 27, 1927. Slightly abridged. 
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The Control of Quality in a Manufactured 
Product 


By JAMES H. MARKS,’ DETROIT, MICH. 


have tolerance in limits, but human judgment as well to obtain 
the desired result. In order, then, to have proper control of 
quality, an organization must be developed to exercise this 
judgment and decide not only whether the parts made to enter 
into the completed product fall within the limits prescribed, 
but also whether these under certain circumstances are usable 
in combination with each other. This organization must be 
composed of experienced, thoroughly competent mechanics. 

The sciences of physics and chemistry have amplified the 
ability of engineers to control the quality of materials. This 
application of science is usually represented in the modern manu- 
facturing institutions by the mechanical, physical, and chemical 
laboratory. The functions of this organization and place are 
to interpret the designer's idea relative to the quality of materials 
in terms of written specifications; to test out the operation and 
features of the design, in order to advise the designer as to what 
he can accomplish; to prescribe methods of operation such as 
the heat treatment of materials, application of plating, process 
of painting, and similar others; and to be the check to determine 
that the quality of materials selected by the designer are used 
and that the specifications as to degree of finish are carried out. 
Measuring devices and gages are not enough to insure quality 
without the use of judgment and the knowledge of science as 
essential aids. 

The most important thing necessary for accomplishment of 
a high standard of quality is the education of the entire manu- 
facturing personnel to the standards desired, and this of all 
the things is the hardest to do. It is easy to obtain precision 
machines and tools and accurate gages, but it is very difficult 
to develop in the minds of a group of men one and the same 
thought relative to a standard of workmanship. A plant may 
have all of the machines and tools and precision instruments 
that are known today, but not have the ability to turn out a 
product of high quality. It is therefore necessary to have men 
of experience who are able to say, without perhaps being able 
to explain just why, either this thing will go or that thing will 
not go if the standard of product is to be maintained. This 
knowledge is a sort of a sense that is developed by years of con- 
tact. between the master craftsmen and the designer. 

The vigilance of this organization can never relax. We all 
know of cases in which some product has varied from one stand- 
ard to another from time to time, at one time in its history 
having been recognized as the par excellence of quality and at 
some other time having passed to some mediocre place in com- 
parison. 

There can be no relation between quality control and pro- 
duction control except that production control, resulting in an 
uninterrupted flow of materials, makes quality control easier. 
If an organization sets out to maintain a certain standard of 
quality and obtain a certain amount of production constantly 
and at the same time, either one or the other must suffer. If a 
quality product is to be turned out, quality must come first 
and uniform rate of production must be secondary. To tolerate 
the use of improper material for the sake of uniformity of pro- 
duction is absolutely incompatible with quality manufacture. 
It has been proved again and again that the finest quality of 
work can be done in quantity production. The reason for this 
is that large quantities warrant large investments in machines 
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and tools. The better the machines and tools, the finer the 
product. It does not necessarily follow that because things are 
manufactured inexpensively they are manufactured poorly. 

The most important factors in accomplishing quality results 
are engineering as it carries out the design, and a trained per- 
sonnel as it interprets the design in the finished product. The 
provision of adequate machines and tools is important but sec- 
ondary. The ideal comes first, the organization, second, and 
the means to the end, last. 


Discussion 


M. R. Epwarps.* The smaller factory cannot hope to be 
able to draw up standard-parts lists, and procedures, and to index 
and cross-index standard designs for the convenience of the 
designers and draftsmen. In this respect it must more nearly 
conform to the older, more entirely human method whereby 
the designer followed out all the subsequent details of drawing, 
tracing, checking, etc. The modern trend is to specialize, with 
one expert to create, another to visualize, another to detail, 
and a last to fix standards and tolerances. Experience indi- 
cates that in the drawing office as in the factory, four experts 
can produce more than four times as much as one “all-around” 
man. 

Decision whether or not to invest in tools is made in the large 
factory usually on the recommendation of the engineering force 
after exhaustive investigation of costs balanced against possible 
increased quality or production. The manager in the smaller 
factory, who must largely make his own investigation, must 
first study his product, bearing in mind that the operations 
which cost most usually offer the largest chance of savings. He 
must next thoroughly canvass the machine-tool field to find 
the best machine for his use. The writer at one time purchased 
a vertical miller to perform a certain operation and later learned 
that a new machine called a “‘nibbler’’ would have done as good 
work at one-fourth the investment cost. A complete, up-to- 
date file of machinery equipment should be at the hand of every 
such manager. While a manufacturing process is in the stage 
of transition to a better method (as all processes are doing), what 
may appear to be an improvement in quality or quantity may 
in reality be largely due to natural increasing skill on the part of 
the human element involved, and the new tools may be getting 
undeserved credit for the improvement. 

No manager should economize on gaging and inspection in 
his drive to improve quality. His gages and precision tools 
are if anything more important than his manufacturing tools, 
in view of the modern trend toward the employment of less- 
skilled mechanics. A thorough, intelligently distributed line 
of gages will nearly pay for itself in savings of wages made by the 
possibilities of employing lower-grade inspectors. Experiences 
during the war bear out this point. The writer believes that in 
99 cases out of 100, management is responsible for a poorly 
executed mechanical product. Every workman, no matter 
how low in intelligence, possesses some pride in his handiwork. 
Provide him with proper means and it will show up in the finished 
product. 


Wma. E. Wueaton.* The author considers an ideal plant, 
but the greater number of our plants are not ideal. The manage- 
ment has to visualize the finished product, and not only has to 
consider the ideal of quality but in addition must consider 
very carefully the all-important item, cost. This necessarily 


? Mechanical Engineer, Bemis Bros. Bag Co., St. Louis, Mo. 
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* Works Manager, Walter Scott & Co., Plainfield, N. J. Assoc- 
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causes some sacrifice of quality so as to meet competition. Due 
to our present competition it is necessary to first design an article 
that will fill the necessary requirements, consistent with the 
desired quality, in the cheapest way. After arriving at a ce- 
cision as to the quality of the article to be produced, the writer 
then agrees with the author when he says that “‘first of all comes 
the educating of the controlling personnel.’’ Coordination 
between the management and engineering department on the 
one hand, and the operating or producing on the other, is vitally 
essential. Those responsible for production are the most familiar 
with the ways and means they have at their command of pro- 
ducing the desired quality. 

Our present method of conveying the information as to what 
is to be produced is by means of drawings and specifications. 
Let us only consider two schemes, one the drawings and speciti- 
cations as required in a plant, such as an automobile factory, 
where they have continuous production, and the other a plant 
in which heavy machinery is produced which has a variety of 
sizes but a general standard design. To call for the sam 
limits and specifications on the drawings used in the first 
shop for the second shop would not be practical nor would 
it allow of production at a cost that would meet competition 
The same would hold good of the drawings used in the second 
shop, if one were to attempt to use them in the first. In the 
plant first described there would be frequent inspection, some- 
times between each two operations and often during an operat 
Gages, jigs, and fixtures would be used, and all modern equip- 
ment to produce the quality desired in the least time. Wtuk 
the second plant might have no inspection at all and yet. pro- 
duce an interchangeable product. The writer knows of one plant 
in which each workman inspects the work done on the operatior 
just previous. All jigging is so arranged that the fit of the ji 
tool, or fixture depends on the correctness of the previous op- 
eration. As to the final operation, this is inspected by the as- 
sembly men. 

Let us again consider the two plants from the standpoi! 
their mechanical equipment. Assuming their machine eqiup- 
ment being equal, let us consider their jigs, tools, fixtures, e! 
The jigs or tools necessary to manufacture with are those suc! 
as drill jigs which produce parts to be fastened together an 
must be the same. Those used to increase production are suc! 
as holding fixtures for milling planing, turning, boring, anc 
shaping, also tooling for automatic and semi- and multi-auto- 
matic machines. To secure quality control alone it is » 
necessary to have both types of tools, but only those necessary 
to produce. But to secure quality and quantity it is necessar 
to have both. It may be possible to produce an interchangeal! 
product without either of these classes of jigs or tools, but tl 
cost would be prohibitive. 

Plants that do not have laboratories can get along very we. 
as there are laboratories specializing in this work in most manu- 
facturing centers, at which tests can be made or analyses had 
and the mills and dealers today invariably supply material 3s 
ordered. 

It may be true that quality and quantity are not direct! 
related, but they are very closely related indirectly. Qualit) 
control can be more easily maintained when there is quantity 
production, but this does not mean that quality cannot be ha« 
apart from quantity production. Quantity can be had with 
or without quality control, but it seems that in most cases some 
quality is specified. 

What has been said has been with a view of describing ¢! 
way quality is maintained in a practical way, cost and quanti!) 
taken into consideration. The writer also believes that co 
is as much a factor in the design or visualization of an artic 
as the ideal. 
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A. G. The determination of tolerances perhaps 
one of the most important factors for the control of quality, 
from the standpoint of the shop man. While it may be possible 
to fix limits of accuracy in the engineering department when 
the details of a design are worked out, still the writer believes 
that in the majority of cases these are the result of actual tryout 
in the shop during the early stages of production. 

In the average plant, tentative tolerances are determined 
by the designer or the shop foreman, based on experience; and 
as tools and jigs are completed they are tried out on small lots, 
working to these limits. Eventually all of the parts are on hand 
and assembly begins. Then as difficulties arise, either in fitting 


the pieces together or in their subsequent operation on the test 
floor, these are noted and dimensions are adjusted accordingly. 
Through the early stages of production a constant changing 
of sizes goes on, until finally a point is reached where every part 


‘ Sale Engineer, Ferd. Pietsch Iron Works, Milwaukee, Wis. Assoc- 
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seems to be just right, which then becomes the standard of 
manufacture. These changes are all infinitesimal, often involving 
amounts measurable only with the finest of precision instru- 
ments, and in no wise involve the design. Nevertheless they 
have a tremendous effect in transforming the vision of the de- 
signer into a practical reality. 

Manufacturing costs as well as the perfection of the finished 
article depend largely on the degree of precision required in 
making the component parts. Unnecessarily stringent demands 
of accuracy or finish add very little to the mechanical value of 
a product, and they may raise the cost beyond the point where 
it is salable. This must always be borne in mind: Quality 
should be maintained up to the point where it is consistent with 
the demands of the product as a practical and salable mechanism. 
Anything beyond this means money wasted in increased costs. 
Of course the determination of what is practical depends entirely 
on the function of the product, and on the market for which it 
is intended. 
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The Apprenticeship-Training Program of the 
Tri-City Manufacturers 


By 8S. M. BRAH,! MOLINE, ILL. 


HIS paper will treat the subject in three principal sections: came whole-heartedly. For the first year or two it was de- 

first, a description of the community problem; secondly, cided that the schools in Illinois would be grouped under one 

an explanation of the system of apprenticeship training; teacher who would conduct the classes in each community 

thirdly, the results of the training under this system. as needed. The same idea was carried out in lowa. After the 

\ community training program is of itself a complex problem. _ plan was agreed upon by all school districts involved, the project 

Whether the community be of large or small size matters little, | was brought to the attention of the State Vocational Depart- 

for there are many minds that must agree on the basic principles ments for aid from the Smith-Hughes fund. Their assurance 

of the training program as to policies of work schedules, rates of of aid added zest to the work in hand and the problem of getting 
pay, and school or classroom work, or material to be used. After the apprentices was attacked. 


this particular community is outlined, a better idea will be gained A publicity program was planned to include talks to the 
of the need for unity in thought and action to make such a pro- graduating classes of all the schools, to parent-teachers associa- 
gram a success. tions, to clubs, and to civic organizations. An appeal was made 


The community under discussion is commonly known in the to parents through the newspapers, showing the opportunities 
industrial world as the Tri-Cities, and includes the cities of | to be had in the trades in their own community. The initial 
Moline, East Moline, and Rock Island in the State of Illinois, response was not gratifying. However, the pessimism of many 
and Davenport and Bettendorf in Iowa. These five cities located — could be overcome by showing them as an example an apprentice- 
in two states have a total of forty-one companies, varying in ship program that had been going on for years right in the com- 
size from 30 employees, in the smallest, to 1200 in the largest munity; namely, that carried on at the Rock Island Railroad 
plant. Seven trades are included in varied types of shops and, ‘Shops at Silvis, Ill., which had been successfully training ap- 
almost without exception, a different degree of skill is required by _ prentices for the past 13 years. 
each concern. Farm implements and accessories predominate Arrangements were made to interview the prospects with their 
in the list of articles manufactured, which includes laundry equip- _ parents or guardians and the plan was explained to them in full. 
ment, gas engines, electrical household appliances, harness, A sufficient number were interested to make it possible to start 
hardware, automobiles, railroad cars, scientific apparatus, ele- and the first apprentice under this plan entered the employ of a 
vators, jobbing castings, industrial locomotives, and pumps. foundry in Moline, April 28, 1926. 

Thus it ean be seen that a variety of establishments participate . 

in this program. The communities have much in common in 

every Way, except politically. Residents in one city may work in The so-called “‘system of training” so often spoken of is nothing 
another, shop in a third, and go to the fourth for their recreation. | other than work for the apprentice; the big factor being that he is 
Each city has its own school system. The interests of all the actually given the work and not just promised it. It is the duty 
industries are centered in one organization known as the Tri- of the district supervisor to see that each apprentice is given 
City Manufacturers’ Association, and it was under itssponsorship the training called for on his indenture. It is also his duty to 
that the system of apprenticeship training herein described was see that each apprentice attends school regularly and receives 


naugurated. an increase in pay at the proper time. 
An expert staff was called upon to install a working program in Each apprentice is given an indenture wherein the schedule of 


the Tri-Cities. A personnel entered the field and made a survey work is outlined. For the machine-shop apprentice, this con- 
1s to the type of apprentices needed in the community and the _ sists of the following operations: 
tumber required for all purposes. This entailed a survey of 


4 Schedule of work Hours 
41 plants where metal-working operations were carried on. The 250 
tumber of employees was tabulated, various operations noted, Drill 400 
statistics of turnover studied, and a report issued for each in- Shaper. .... 450 
lividual plant. The sum total of these surveys was analyzed Milling "450 
and summarized and a brief was submitted to the Board of the 
ourses of instruction, rates of pay, schedules of work, and in- Erecting and assembly...........-...-..-..--++ssesee08 950 
Special work (experimental room, drafting, etc.)........... 1360 
enture forms were submitted to the Board and were accepted. aes 
Was then suggested by the personnel that a committee be Total SE EE SE 9760 


formed and charged with the duty of carrying on the necessary 
“ministrative work. The manufacturers of each community 
were appointed as a body to present the problem to the schools for 
assistance in the way of classrooms and teachers. The response 


The total is based on 208 weeks of 47 hours each, or a period of 
four years. 

The time distribution of the work schedule is varied to meet the 
needs of the shop and its equipment. The schedule serves as a 
guide for the shop supervisor or foreman in making out the in- 
‘Apprentice Supervisor, Tri-City Manufacturers’ Association, denture for his apprentice. A schedule of the rates of pay is in- 


Moline, Ill. cluded. The starting rate is twenty cents with a three-cent in- 
_ Contributed by the Committee on Education and Training for the crease every six months 

‘ndustries and presented at the Summer Meeting, St. Paul-Minne- 

‘polis, Minn., August 27 to 30, 1928, of THe American Society oF The policy of having supervisors for each shop (that is, some- 
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carried out except in a few cases. The experience is that it will 
pay to do this but there has been a tendency on the part of the 
plants to do without the services of this man. In most cases, 
the foremen have taken the apprentices under their immediate 
care and have seen to their shop instruction. While this prac- 
tice has been criticized by many, it is felt that since the training of 
apprentices is the object, the best training available is desirable 
as well as creditable. Whether or not the foreman is a capable 
instructor for apprentices is debatable, but the writer feels 
that if he is capable of training all others in his department, he cer- 
tainly can train the apprentices. Usually, the criticism comes 
from those who are not training apprentices, and the writer won- 
ders who is the greater sinner. One thing is certain: where an 
apprentice supervisor is maintained by the plant, a spirit of 
apprenticeship is built up in the minds of the foremen and the 
apprentices themselves sooner than when one is not employed. 
Upon this the success of a program depends. 

A record of the apprentice’s time and the work he has done 
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instruction material. A carefully selected list of subjects is 
chosen from the engineering and business courses. The courses 
contain mathematics, science, drawing, and related work (that is, 
texts on information relative to the machines and the processes 
involved in that particular trade). An outline of the text ma- 
terial in the machinist course is as follows: 

Mathematics. Elements of arithmetic, 
ratio and proportion, weights and measure, powers and roots, 
mensuration, use of trigonometric tables (the high-school graduate 
is not required to take this work if he can pass a satisfactory ex- 
amination), algebra, logarithms, slide rule, and geometry. 

Science. Shop economics, measuring instruments, precision 
measuring instruments, mechanical principles, hardening and 
tempering, and heat treatments of low-carbon steel. 

Drawing. Geometric and mechanical drawing (nine plates of 
the familiar geometric figures and their projections, and eight 
plates of various machine elements) and sketching in perspective 


fractions, decimals, 


and planes. 


(Small divisions under job headings indicate a definite number of hours. 


is kept by the time-keeping department which turns in a monthly 
report to the district supervisor, so that he may enter this in- 
formation on a control chart. A section of the control chart is 
shown in Fig. 1. 

The information it contains is summarized as follows: The 
operations the apprentice has served on, the length of time spent 
on each, and the one engaged on at the moment (this latter by 
the use of a map tack). The shop has no other records to keep. 
It was felt that if the records were minimized, the foremen would 
take more interest in the program as a whole, for in many cases, 
worthy causes have died by the wayside because of their burden 
of records. 

Duties OF THE District SUPERVISOR 
The district supervisor’s duties may be summed up as follows: 
Plant surveys 
2 Sell the management and personnel on apprenticeship 
3 Interview and classify applicants 
4 Actas mediator between apprentice, parents, and the shop 
5 Maintain records as to changes of rate or work 
6 Promote interest in the community by talks and written 
articles 

7 Plan outside activities for the apprentices 

8 Be ready to assist the plants, committees, school in- 
instructors, or apprentices on any matter on which he or 
they desire counsel. 


ScHoot Work 


Correspondence courses have been provided as classroom- 
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In the original, 200 hours are represented by each quarter-inch divisior 


Related Work. Lathe work, drilling, milling machines, shaper 
and slotter, planer work, boring mills, gear calculations, gear 
cutting, grinding, and bench vise and floor work. 

English. Capitalization and punctuation, letter writing, and 
English composition. 

Each apprentice is enrolled in a course upon completing his 
probationary period (three months). 

The classes are held in the local public schools. A regular reci- 
tation room is used, fitted with blackboards and drawing tables 
The school board of each community furnishes this as well as th 
instructor. In Iowa, the instructor is one of the manual-arts- 
department men who gives part of his time to this work. [ns 
Illinois, the three communities have engaged one man to act 4% 
instructor in all three cities and the expense is prorated. The 
communities are later reimbursed to the extent of 50 per cent 5) 
the State Department of Vocational Education through Smith 
Hughes funds available for such purposes. 

The student attends class four hours per week in one period 
He is expected to spend an equal amount of time in home stud) 
A minimum requirement is set up and all apprentices are e* 
pected to meet it. The apprentice’s time in the class is divide: 
between mathematics, drawing, and related work in such | 
portions that his interest will not lag. The instructor sel 
the text to be studied and assigns the amount that the apprenti 
must work upon for the next class period. The text selecteé 
usually corresponds with the operation on which he is workin£ 
in the shop. When he has completed the material he chang® 
to a text related to the process on which he will be placed ne“! 
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The reason for this type of instruction material and procedure 
is self-evident to any one who has tried to instruct apprentice 
classes. The advantages are pointed out in the following: 
1 Elimination of the necessity to review texts and authors 
to obtain a proper and related course 
2 Elimination of the detail work—correction of lessons 
and lesson preparing 
3 Home-study courses such as these can readily be studied 
at home and require the minimum of help from the 
instructor in the class 
4 Each student can proceed at his own rate according to 
his mental capacity 
5 Each student proceeds along the line in which he is most 
interested, whether it be the machinist, electrical, or some 
other trade 
6 Grade- and high-school students as well as newly inden- 
tured and advanced students can be accommodated in 
the same class, keeping the number of classes to a mini- 
mum. 

The cost of the courses is $100, payable at the rate of two 
dollars per month. If the amount is paid in cash, the price is 
$75. Inthe Tri-Cities this cost is borne jointly by the apprentice 
and the employing company. 


Cost OF APPRENTICE TRAINING 


Nothing definite can be given on the cost of training appren- 
tices, AS Many items vary over a period of a year. However, 
the following will show the cost for one year in the Tri-Cities: 


School and 


Item Plant Apprentice Assoc. 
Wages per year, average $750.00 
Courst es 12.50 12.50 
Instruction and supervision 40.00 
Miscellaneous (banquets, contests, activi 
Ses, che) 3.00 


Total cost per year for each party con 


cerned $762.50 12.50 43.00 
Grand total Ss18_00 
Wages and expenses for each apprentice at school $ 58.56 
All other expenses per apprentice eT. Pre 68 00 
Non-productive expense...... ‘ 126. 56 
Productive labor expense.... 691.44 

Total... $518.00 


The above amounts are computed as follows: 
The boy attends school four hours per week for 48 weeks per 
year 
4 * 48 = 192 hours per year. 
Minimum rates, 20 cents per hour; maximum rate, 41 cents— 
20 + 41 + 2 = 0.305 dollar. 
Amount paid boy by shop for time spent in school, 192 * 0.305 = 
$58 . 56 


Cost of correspondence material, borne by boy...... 12. 5 
Cost of correspondence material, borne by shop. . 12.50 
Salary of teachers, supervisor, funds for banquets, 

prizes for contests, ete. ‘ 43.00 
Tot charges $126.56 


al of $691. 44 is paid for time spent in the shop. 


The program herein described has been in operation less than 
three years and it is impossible to point to any number of appren- 
‘wees that have finished their trade entirely under the program. 
However, it is felt that some measure of the success of the pro- 
fram may be gained from the following figures: 


End of End of 
Number of apprentices first year second year 
At work in all shops 84 125 
Attending classes 60 119 
Number estimated in the survey 125 250 


Maximum number called for in survey 
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Apprentices at 


End of Second work 

Applicants on file first year year second year 
Machinist 50 125 55 
Foundry 48 60 28 
Pattern shop 8 2 21 
Electrical 5 30 3 
Plumbing and pipe fitting 4 8 1 
Drafting 8 23 0 
Sheet metal 2 1 2 
Printing 1 9 0 
Office 2 6 4 
Manufacturing 1 3 5 
Wood working 2 20 0 
Unclassified 14 ll 6 

Total 145 320 125 


Examination shows that a large percentage of the applicants 
are not placed. This is due to no one particular cause. It has 
been deemed wise to go slowly and not overburden the shops with 
apprentices at the start. It must be remembered that the fore- 
men are acting as supervisors of the apprentice as well as foremen 
in the department, and to burden them too heavily would 
be a mistake. 

Applications on file, classified as to educational qualifications 
of the applicants, are as follows: 


Number completed grade school....................... 88 
Number completed first year high school............... SO 
Number completed second year high school............. 37 
Number completed third year high school.............. 13 
Number completed high school?....................... 107 


No applicants are accepted unless they have completed the 
eighth grade. 


TURNOVER 


Tables of turnover showing the number lost in various trades 
during the first and second years, the trade in which the appren- 
tice was indentured, and the reason for the turnover are tabulated 
as follows: 


TURNOVER 


-——First Year-— -——Second Year—— 
M: ich Pattern Mach. Pattern 
Cause shop Foundry shop shop Foundry shop 
Quit 2 1 7 
Lack of interest 5 1 0 0 
Lack of ability 3 1 2 1 
Discipline 3 1 1 
Transfer 2 


Total turnover, 37, or, based on percentage of total number apprentices 
at the time, 30 per cent 
Average monthly turnover for two years, 1.25 per cent. 


TURNOVER SCHOOL vs. SHop FaTALity 


——First Year-— Second Year—— 


Mach. Pattern M: ach Pattern 
Cause shop Foundry shop shop Foundry shop 
Inability to master school 
work 2 1 0 0 1 0 
Inability to master shop 
work 6 2 0 0 0 0 
GENERAL SUMMARY 

First Second 

Item year year 
Number of plants employing apprentices 17 21 
Minimum number of apprentices in any plant 1 l 
Maximum number of apprentices in any plant. . 12 13 
Number of plants with one apprentice. ....... 3 2 
Number of plants with two apprentices. 3 2 
Number of plants with three apprentices....... 2 4 
Number of plants with four apprentices. ... . 3 4 
Number of plants with five to nine apprentices 3 5 
Number of plants with ten to thirteen apprentices. 3 4 

Plants dropping out. 0 


If these figures are a criterion of success, they are offered for 
their worth. 


? Many applications have been filed, but applicants are not avail- 
able as they have gone to college, or accepted some other position. 
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The success of this program is due in no small measure to the 
work of the executives that have served on the committee. Their 
duties have been many and complex. This committee is made 
up of five executives from each of the five cities involved, to- 
gether with the secretary of the Association, and the apprentice 
supervisor. The committee passes on all matters of policy; 
acts as advisor to the supervisor; maintains contact with such 
outside agencies as the schools and state, conferring with them 
when necessary, acting for the manufacturers as a whole. They 
act as final agents in securing the cooperation of plants not yet 
participating in the program. 

The committee is the keystone upon which the success of a 
community project depends, and in this case theirs is the glory of 
success. 


Discussion 


Haroip 8S. Favx.? The Tri-City manufacturers are to be 
highly commended for appreciating the importance of apprentice- 
ship training and for the progress which they have made in the 
work. It is remarkable how few manufacturers are willing to 
undertake the training of apprentices although all of them 
realize that men are the most important element in industry. 
In spite of the attention which has been devoted to apprentice- 
ship in recent years, the fact remains that, as a rule, only indi- 
vidual manufacturers have established apprenticeship. 

But from the very nature of our American industrial organi- 
zation, apprenticeship can hardly be expected to succeed in the 
individual plant and the Tri-City manufacturers are also to be 
commended for having made of their apprentice work a com- 
munity enterprise and responsibility. Apprenticeship in the 
individual plant cannot be expected to succeed because the 
manufacturer who undertakes the training of apprentices with- 
out the cooperation of others will soon find that he is supplying 
mechanics for all the shops in the neighborhood and the burden 
is so unequal and so unfair that the training is very often soon 
abandoned. Apprentice training must be made a community 
responsibility, as we have often explained, with every plant in 
the district or neighborhood assuming its proper share of the 
burden of training the quota of mechanics for the district. 

Manufacturers have associated themselves for research, for 
advertising, and for many other purposes. It is high time that 
they associate for the training of the men upon whom they must 
depend for the operation of their plants and their business. 
That such association is possible and profitable has been demon- 
strated by the manufacturers of the Tri-Cities. 

In fact, it may be said that the association of manufacturers 
for the training of apprentices can be accomplished anywhere at 
all after the Tri-City Manufacturers have demonstrated its possi- 
bility in their case. I say this because it appears to me that the 
organization in the Tri-Cities has been brought about in the face 
of very unusual difficulties. A manufacturing community is 
usually confined to a single city in a single state and the estab- 
lishment of apprenticeship involves arrangements with only one 
group of civic agencies, one school system, one city government, 
and one state apprentice law, if such has been enacted. The 
Tri-City industries are located in five different cities and these 
tive cities are in two states, and if the organization of manu- 
facturers for apprentice training is possible in such a confusion 
of municipal and state administrations, it ought to be possible 
inder any circumstances whatever. 

It is interesting to note that, in spite of their peculiar diffi- 
culties, the methods used by the Tri-City manufacturers have 

‘been little different from the methods used in other centers 
Mem. 


Falk Corporation, Milwaukee, Wis. 


2 Vice-President, 
‘A.S.M.E. 
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for the organization of apprentice training. These methods, 
with suitable adjustments for local conditions, should be su- 
cessful everywhere. In the first place they have given their work 
publicity in the community as was explained. Experience has 
shown that apprenticeship cannot be made a success in the plait 
alone. The undertaking must have the cooperation of tly 
people in the community, of the parents, teachers, and civic 
organizations. The people must believe in apprenticeship an 
must see in it an advantage for their sons. 

Again, the Tri-City manufacturers found that a committee «i 
executives for the direction of apprenticeship is essential for 
successful community apprenticeship. Unless such a committ:¢ 
exists, there will be discrepancies in training periods, contra 
arrangements, schedules of work and pay, and other important 
features of apprenticeship in the various plants, and serioiis 
differences of the kind will destroy the unity of the plan. 

Arrangements with local school authorities for theoretic! 
instruction of apprentices is indispensable in a community pri )- 
ect for the reason that the small plant cannot afford to maintain 
a school of its own and the large plant will find it more profita! | 
to utilize the public institutions than to maintain a teaching 
organization. The work of the Tri-City manufacturers in bring- 
ing about cooperation between themselves and five separat: 
school systems in addition to the vocational education depart- 
ments of two states appears to be quite remarkable and shows 
what may be done when enthusiasm and determination ar 
applied. 

The author makes the statement that apprentice supervisvrs 
are not employed in the individual shops and that in most cases 
foremen have assumed the care of the apprentices. He goes on 
to state, ‘‘Whether or not the foreman is a capable instructor for 
apprentices is debatable, but the writer feels that if he is capable 
of training all others in his department he certainly can train the 
apprentices.” The instruction of apprentices does depend upon 
the foremen and, except for special shop instructors, no better 
teachers of practical work than the foremen can be found. 

However, a distinction must be made between apprentice 
instruction and apprentice supervision, although the two func- 
tions may be combined in one person. Apprentice instruction 
means teaching the apprentice the various operations which are 
a part of the training course. Apprentice supervision involves 
the planning of courses, the maintenance of school and other 
outside contacts, the selection of boys for apprentice training, 
the transfer of apprentices from one department or operation 
to another, the solution of personal problems of the apprentices, 
and so forth. For this work the foreman is not qualified because 
he has neither the time nor the opportunity to do it, however well 
he may be able to instruct the apprentices. Therefore, appren- 
tice supervision must be provided in addition to the instruction 
given by the foreman. Undoubtedly, this supervision is ver) 
well taken care of in the Tri-Cities by the district supervisor. 
Since there are 125 apprentices in the district according to the 
latest report, it is still possible for the district supervisor to 
maintain personal contact with all of them. However, exper 
ence indicates that this is about the limit for one man, and 1! 
additional apprentices are engaged in the district it will be neces- 
sary to put on an assistant supervisor for the district or an appren- 
tice supervisor in one or the other of the larger manufacturing 
establishments. Apprentices need a person who devotes «!! his 
attention to their welfare and to whom they can bring ‘het’ 
problems, just as a dean of men and of women and persona! ad- 
visors are necessary in a university in addition to the professor 
and instructors. 

Finally, it would be interesting to know the basis o! the 
survey of the Tri-City district for the determination of the proper 
quota of apprentices. There is some disagreement as tv the 
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method of establishing the quota. To fix the number‘of appren- 
tives arbitrarily as one-tenth of the total employment or one- 
filth of the skilled mechanics is not satisfactory. Some author- 
ities Maintain that the number of apprentices should be deter- 
mined by the requirement of the district from year to year. 
Others maintain that the facilities for training in the shops 
should determine the number. It would be interesting to know 
how the quota for the Tri-Cities was determined, although we 
all appreciate that it was impossible to include a full description 
of the method in a short paper already crowded with pertinent 
information, 


Harotp W.,Frren.* After reading the paper the writer 
wishes to express his appreciation of the excellent manner in 
which a complex problem has been handled. It is no easy task 
to organize and coordinate the efforts of a considerable number 
of conflicting interests and Mr. Brah and the board of the Tri- 
City 
achievement. 

While it is obvious that the program described was designed to 
meet a local condition, there are three points which are of primary 
importance as applicable to any system of apprentice training. 

| The author states, “The ‘system of training’ so often 
spoken of is nothing other than work for the apprentice 
Uniortunately, what is so often referred to as a “system of train- 
ing’ is nothing of the sort but, rather, a lack of system, the 
apprentice being turned over to a foreman who places the boy 
where he will least inconvenience him. By observation or the 
method of “trial and error’? the boy may eventually attain 
some degree of proficiency. When the apprentice feels that he 
should be transferred to other work it may even be necessary 
for him to make such a nuisance of himself that the foreman is 
glad to be rid of him. 
ing but, rather, the results of the lack thereof. 

Any “system of training’ should provide a printed outline 


Manufacturers Association are to be commended on their 


etc.” 


This, obviously, is not a system of train- 


showing the time to be spent on each machine or operation as 
well as the logical sequence of items. It must also provide a 
means of keeping a record of the performance of each boy on 
(This point was not touched upon in 


the paper, but it is assumed that provision has been made to keep 


the various operations. 


such records. ) 

2 As a former foreman the writer wishes to take issue with 
the statement that the foreman should train the apprentices. 
The author states, “If the foreman is capable of training all 
vthers in his department, he certainly can train apprentices.” 
The writer contends that, with an apprentice training system 
functioning properly, the foreman has little necessity for training 
the men who are graduates of such a system. They will have 
been trained as apprentices and therefore do not need a con- 
siderable amount of further training. 

Because of the multiplicity of his other duties, and principally 
because of the fact that production is the primary object of his 
department, the foreman will all too often sacrifice training for 
We have tried to have foreman instruct appren- 
tees, but the results have not been satisfactory. 

3 Apprentice instructors, even though they may travel from 
shop to shop supervising and instructing the apprentices, have 
proved to be of great value on the New Haven. Owing to our 
laving over 200 apprentices scattered among a dozen shops and 
engine-houses, it has been necessary to utilize traveling instruc- 
‘ors while also relying, to a certain extent, on the foreman to 
‘arry on the training in the absence of the instructor. It is 
our observation that where instructors can devote their full 
lume to one point the best results are obtained. 


* Assistant Engineer, N.Y.N.H.&H.R.R., New],Haven, Conn, 
Jun. A.S.M.LE. 


production. 
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C. A. Prosser.* 
ship situation for some fifteen years. 
engaged in training apprentices for three railroad systems, and 
from this experience certain conclusions have been reached, 


The writer has been watching the apprentice- 
Dunwoody Institute is 


right or wrong. 

Apprenticeship of the old type is almost disappearing. The 
writer’s experience leads him to believe that this is a day for 
practical experiments; we have too much talking and not enough 
action. Many schemes will have to be tried because there are 
many conditions to meet. 

The Tri-City scheme is a real experiment and in many of its 
aspects it is wisely conceived. It must be watched to determine 
just exactly the conditions for which it is fitted, what are its weak 
points, what are the failures, and what are the points of success. 

There are many organization features of the scheme that are 
admirable. 
activities and have assumed certain responsibility for the youth 
of the community. They have set up a scheme of cooperation 
with the public school system. They have attacked the exploi- 
tation of the apprentice on the job by setting down on paper the 
amount of experience he must acquire during his apprenticeship. 

The scheme may be questioned on its instructional side. 
Because a man is a foreman he is not necessarily a good trainer 
of apprentices. Teaching is as much a trade as foremanship. 
Ten out of every eleven hours of an apprentice’s time is spent in 
the shop, and the foreman either makes him, leaves him indif- 
ferent, or wrecks him. If ten hours of poor training is supple- 
mented by one hour of good training, little good can be accom- 
plished. In a check-up of foremen in the printing trades to learn 
the methods of breaking in green men, fifteen men replied and 
outlined eight different methods. They cannot all be right. 

The writer does not agree with the plan of having a corre- 
spondence course of study taught by local schools, as it is taught 
in this scheme, nor does he believe that a manual-training in- 
structor is qualified to teach such a course. He challenges the 
teachings of abstract mathematics to boys in training as appren- 
tices to a trade. The habit of using mathematics involves two 
things, one, analysis of the situation, and the other, the appli- 
cation to that situation of a formula. In investigations of the 
use of higher algebra and abstract geometry by tradesmen, the 
writer has never seen a mechanic who could say what methods 
he used. It may be that there are engineers who bring to bear 
in their daily work a knowledge of basic algebra and geometry, 
but this is not true in the trades. A mechanic analyzes the 
problem he has to meet in the shop and decides which formula 
applies. He has to be a master of the use of that formula before 
he solves the problem. ‘Too many times engineers assume that a 
knowledge of higher algebra and geometry is necessary for the 
solution of a job by a mechanic when this is absolutely not true. 

The writer believes that it is a waste of time to teach abstract 
algebra and geometry to boys in high school. The writer also 
believes that the way to teach a boy to read blueprints_is to 
teach him to read blueprints. Such a course as the one offered 
at the Tri-City school is an attempt to make draftsmen. If we 
are making mechanics we should teach them the trade in so far 
as it applies to the work a mechanic has to do. Let him take 
additional training later if he has an ambition to become a 
draftsman. 

The author points out that a correspondence-school instruction 
course is used because it supplements the weaknesses in the 
teaching force. No correspondence-school course of instruction 
will ever take the place of the living teacher in the class. There 
are exceptional men of high ability and long experience who never 
do well in a class and who get a lot out of a home-study course. 
The correspondence school has a definite place in American life, 


The employers of these cities have pooled their 


* Director, Dunwoody Institute, Minneapolis, Minn. 
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but in the opinion of the writer it has no place in teaching a 
trade to unskilled and inexperienced boys by absent treatment 
through a teacher unfamiliar with the trades taught. 

In the end the employer pays the bill. With a cheap scheme 
he saves money at the spigot and wastes it at the bung. If the 
overhead is reduced, the employer pays for it in the poorly pre- 
pared apprentices. If he lets the community do it and pays the 
tax, he meets the burden. If he sets up a scheme that costs 
more money but is more efficient, he pays the cost but reaps 
the better results. 


R. K. Erskine.) We are not so much concerned with highly 
skilled mechanics as we are with leaders of men, men able to 
cooperate with other men, and good instructors. What we 
demand in our business is highly skilled foremen, good instruc- 
tors, and good set-up men. Two years ago we established a 
course and had one man from the Extension Division of the 
University over twice a week for evening sessions. Instead of 
getting new men and starting them in as apprentices, we selected 
a group of men from our own works-foremen, and prospective 
foremen—men who we thought would develop. These men were 
trained for the job for which they were best suited. If a man 
shows ability in cooperating with the other men, we may figure 
that he will make a good instructor, and that he is well fitted as 
a foreman. 

What we demand of a foreman or instructor is leadership, abil- 
ity to cooperate, as our work passes from department to depart- 
ment, the schedules depending on how foremen realize the 
problem. We demand good instructors. Our business is reason- 
able and we have to take on new men, train them, and probably 
lose most of them after a period of five or six months. Then we 
demand a good basic understanding of the trade. Some foremen 
have taken advantage of the trade schools in Minneapolis and it 
is interesting to hear a paper such as this because in our own case 
we are looking for just such things. We appreciate the work 
that is being done. 


P.S. Van Wyck.® The writer stated that instead of teaching 
men as draftsmen, blueprint reading and shop sketching should 
be emphasized, the sketches to be suitable to work from in the 
shop. The writer questioned the use of obsolete correspondence- 
school tests, favoring up-to-date textbooks in preference, but 
agreed that newly revised correspondence-school texts would be 
equally acceptable. He preferred to use job sheets with the 
tests as references, for his own part. 


Lutuer D. Buruincame.?’ The Brown & Sharpe Manufac- 
turing Co. has had an apprenticeship system for sixty years 
which it is interesting to compare with one just started. The 
Brown & Sharpe apprenticeship system is sufficient unto itself 
because there are nearly two hundred apprentices in this one 
factory. In developing skilled workers we are also cooperating 
with other manufacturing plants in Providence and vicinity in 
carrying through a cooperative scheme which we believe can be 
adopted in any city. 

It is interesting that a foreman very often does not want an 
apprentice, and that in the Tri-Cities this attitude has been 
changed so that foremen welcome apprentices. The grinding 
and gear-cutting departments of the Brown & Sharpe Co. were 
considered outside of the regular apprenticeship courses and ap- 


5 Assistant to Production Manager, Minneapolis Heat Regulator 
Co., Minneapolis, Minn. Jun. A.S.M.E. 

6 Department Head, Machine Shop, Dunwoody Institute, Minne- 
apolis, Minn. Assoc-Mem. A.8.M.E. 

7 Industrial Superintendent, Brown & Sharpe Mfg. Co., Provi- 
dence, R. I. Mem. A.8.M.E. 


prentices did not gointo them. When it was decided that appren- 
tices should receive instruction in these departments, the foremen 
“threw up their hands” and said that they could not be bothered, 
However, they were persuaded to try the scheme, and one of 
the boys first selected to go into the gear department did so well 
that the foreman not only wanted him but asked to retain him 
for a longer period than had been planned as he had some im- 
portant work he wanted him to do. Actual contact changed the 
feeling on the part of the foremen and they no longer objected 
to apprentices in such special departments. They had thought 
of the boys as just starting in, whereas they were two or three 
years along in the course when they came to these departments 
and had matured to a point where their training was worth while. 

The thought has been expressed that the old apprenticeship 
system has passed away. Instead it has developed into the 
modern system which is far more efficient and gives much better 
training. In our training, certain boys show an aptitude and 
express a desire in the fourth year for foremanship and they are 
trained for and developed into foremen. Under the present 
system of apprenticeship the boy is getting a far better chance 
than the apprentice formerly did. 


C. J. Freunp.’ In discussing foremen’s qualifications for 
teaching apprentices, a distinction should be made between 
qualifications for teaching the practical side of apprenticeship 
operation of machines, grinding of tools, ete.-in the shop and 
qualifications for teaching related trade subjects, mathematics, 
ete. Certainly, as has been pointed out, the foreman is seldom 
an ideal instructor; undoubtedly a professional teacher is much 
better. However, only the largest plants can afford full-time 
professional teachers in the shop. 

Several years ago in Milwaukee, manufacturers built up a 
considerable fund to build a trade school which could accommo- 
date about 400 boys at many different trades. The school has 
since failed as a private enterprise and has become a city trade 
high school. The reason for the failure was that it was soon 
discovered that although there was a great amount of special 
equipment, large building, ete., it was impossible to train the 
number of mechanics required in the district. 

There are now in Milwaukee about 950 apprentices in the 
machinery-building trades. The investment in a trade school 
which would be required to teach 1000 boys in machinery build- 
ing alone, not to mention leather working, food industries, etc., 
would be so large as to be impracticable. This forces the em- 
ployer to utilize the foreman as an instructor of apprentices on 
the machinery in the shop, and this is a more feasible plan, re- 
gardless of the foreman’s limitations than a limited amount of 
equipment and a limited number of boys in a trade school, in 
spite of the better trained and more efficient teachers. Of course, 
the plan does not prevent the apprentice from spending part 
time in a school with professional teachers who teach him re- 
lated trade technique and as much actual machine operation as 
time will permit. 

There is another thing which the apprentice gets from the 
foreman which he cannot get from anybody else, and that is 4 
proper attitude toward production. In the case of an apprentice, 
training is the first consideration and production is secondary but 
the apprentice is apt to interpret this as meaning that training 
is everything and production is nothing. 

He would willingly spend a day or a week on one small piece 
in a lathe if he were not working under a foreman, but the foremat 
is pressed by the management for production while he is training 
the boy, and therefore he will teach him better than any one 
else can how to get out his work, how to save time, how to be 


Apprentice Supervisor, Falk Corporation, Milwaukee, 
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efficient, so that when the boy finishes his apprenticeship he 
becomes a real factor in production. 

A distinction must be made also between the instruction and 
supervision of apprentices. In the ordinary plant, foremen must 


be instructors of apprentices but they have not the time to be 


supervisors. 
AvuTHOR’s CLOSURE 


In reply to Harold 8S. Falk’s discussion: an assistant district 
supervisor has not been added, but in place, whenever a shop 
has more than ten apprentices, some individual has been ap- 
pointed acting supervisor for that plant. 

In reply to Harold 8. Fitch's discussion: confusion, no doubt, 
resulted from the paper in the statement that no system of 
training was used in the Tri-Cities and later the schedule of work 
If a printed schedule of work may be considered 
system, there is one in use in the Tri-Cities. Mr. Fitch does not 
seem to understand that the foreman is the only one provided by 
the management to train the apprentice. A misunderstanding 
must have resulted as no apprentice instructors exist for shop 
work. They are concerned only with the class work which is 
carried on in the local schools. 

In reply to Doctor Prosser’s discussion, as to the desirability 


Was included. 


of foramen as instructors: the author merely states that foremen 
are capable to instruct and this method was resorted to inasmuch 
as teacher trainers were too expensive for companies having five 


or less apprentices. No two educators would agree on what 
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mathematics is most desirable for vocational work, but all are 
willing to agree that the fundamentals must be firmly established 
before future work can be attempted. That is what has been 
done in the Tri-Cities. The vocational mathematics is included 
in the text of related work. No better material has been offered 
than correspondence-school text and all weaknesses are being 
overcome by classroom supervision. 

The Doctor’s contact with manual training teachers has surely 
taught him that there are men of all calibers in this field and 
we feel that ours is of the higher caliber, fitting him for the task 
at hand. 

Replying to P. S. Van Wyck: inasmuch as sketches are seldom 
used in production shops, actual line drawing is taught to famil- 
iarize the apprentices with drawings so that they may read blue- 
prints intelligently, accurately, as well as quickly. 

The correspondence-school test material is revised regularly 
and in some instances, yearly, and is more recent than any other 
type of text material available. 

The author is in perfect accord with what Mr. Burlingame 
had to say. 

C. J. Freund has answered Doctor Prosser’s argument on 
the foreman’s qualifications as a teacher of apprentices. The 
author wishes to say that the foreman does not act as instructor 
in teaching classroom subjects. Nor does he act as supervisor. 
The classroom work is done in the public schools and the super- 
vision is taken care of by a director indirectly employed by the 
cooperating company. 
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HE FACTORS to be considered in locating the plant 
(ie has been taken as an example in this study in- 
clude: 
| ‘Trade possibilities for expansion 
2 Low distribution costs and speedy delivery 
3 Cost and quality of raw material 
{| The first cost of the plant and the resulting overhead costs 
5 The cost and quality of labor. 


TRADE POSSIBILITIES FOR EXPANSION 


lhe owner of the plant had decided to build a plant to produce 
100 tons per day. He had been influenced in this decision by 
his ability to sell that output and his ability to raise enough money 
to build such a plant, but for an engineering analysis of plant 


TABLE 1 


~= 


COMPARATIVE COST OF FREIGHT ON FINISHED PRODUCT TO CONSUMER 


(Other destinations and figures pertaining to them have been omitted. | 


ports had to be considered. This widened the possibilities so 
that the Atlantic Coast ports from Boston to Norfolk had to be 


considered. 
Freicut Rates 


A tabulation of comparative freight costs from the locations 
considered was then made as is indicated in Table 1, in which are 
included only enough destinations to illustrate the method used. 

One may think that if it costs 30 cents to ship a commodity 
100 miles it should cost something like $3 to ship it 1000 miles, 
but freight rates have been built up on a system of literally 
‘charging what the traffic will bear.”’ It has been to the interests 
of the railroads to help build up business for industries on their 
lines, and when one of these industries could show where they 


Freight costs in dollars when shipped from——-—-—-—--- ——-—-—--~ 


Destination Tonnage Boston New London New York Wilmington Baltimore Norfolk 
Ashtabula, O..... ; 5,800 51,968.00 51,968 00 49,358.00 46,632.00 45,675.00 44,834.00 
Buffalo, N. Y........ 1,67 12,909.10 12,909.10 11,973.90 11,973.00 11,973.90 13,660.60 
Cincinnati, O....... Tee 113 1,241.84 1,241.54 1,241.84 1,190.94 1,164.93 557.58 
Grand Rapids, Mich 1,118 13,024.70 13,024.70 13,024.70 13,521.60 12,275.64 10,520.38 


Total costs...... 


317,728 323,800 
location more information was necessary. For example, the 
following questions come to mind: 

1 How much land is required for future development? To 
answer this question a general survey of the trade is necessary. 

2 Might this plant eventually be called upon to supply several 
times the capacity at present assumed? Government reports 
are of great value in determining the possible magnitude of the 
industry and its probable growth. 

3 With a knowledge of the present distribution of the product 
the factor governing distribution must be decided upon. Is it 
population, per capita wealth, climate, or some other factor? 

4 Is the geographic distribution likely to remain about as 
itisnow? If not, what change is likely to occur? 


Tue Cost or 


Having completed a study of the potential market, definite 
quantities were used for sales forecasts, and maps and charts were 
prepared to visualize the situation, especially the sales distribu- 
tion by states, more clearly. This is followed by a complete 
tabulation of distribution points and probable shipments to these 
points 

From the maps of sales distribution and a knowledge of freight 
rates it was seen that a good distributing point lay somewhere 
in the state of Pennsylvania. However the industry which is 
considered in the present analysis receives the bulk of its raw 
material from Europe and full cargo steamers should be able to 
unload directly into the plant; and therefore with the siate of 
Pennsylvania in mind as a good distribution point, New York, 
Philadelphia, and Baltimore appeared to be possible locations. 
_A further study of the raw material, however, disclosed the 
lact that one ingredient of which considerable tonnage is necessary 
should be purchased in New Hampshire; hence the New England 


‘Consulting Engineer. Mem. A.S.M.E. 

Presented at the National Meeting, Rochester, N. Y., Oct. 26-27, 
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Mécuanicat ENGINEERS. 


312,083 315,575 314,830 


329,563 


absolutely required a lower rate to develop new business or to 
invade a territory served by a competitor, the railroads have 
tried to help them. For example, industries located in New 
England on the New Haven Railroad have the same freight rates 
for points west of Harrisburg as those shipping from New York 
City. 

Special import rates exist at a few ports and help to put these 
ports on a better basis in competition with other seaboard cities. 
For example, a domestic rate from Boston to Bloomsburg, Pa., is 
34 cents, while the import rate is 25'/» cents. 


Commopity RATES 


Special products have been favored with commodity rates 
from and to certain points where a special demand has existed. 
A manufacturer should always present his request for such a 
rate to his railroad if he can show that his competitor has a 
commodity rate and thus is securing an unfair advantage to 
reach a certain market. The possibility of securing additional 
commodity rates must always be considered in plant-location 
work. 


Cost or ImportTiING Raw MATERIAL 


In the case under consideration, the largest tonnage of raw 
material comes from Spain in full cargo steamers drawing 25 ft. 
of water. This required a study of Government maps of harbors. 
As the cost of unloading and shipping any distance by rail was 
very expensive, it indicated that the plant must be on deep water 

A review of port conditions for the principal ports was made 
and a sample of the study for Baltimore is included to indicate 
the points covered. Due to the distance which these steamers 
must travel, the question as to which one of the North Atlantic 
ports was selected for the plant appeared to make no difference 
in the cost of ocean freight. 

It might be added that the question of anchoring ships and 
barging raw material to a plant having shallower water was 
considered, but the two spots under consideration, namely, 


MAN-50-15 
An Industrial-Plant-Location Study 


Results of an Analysis Illustrating the Factors to Be Considered in Locating a Plant 
By EMMETT B. CARTER,' NEW YORK, N. Y. 


= 


ar 

Ake 
oid 4 
» 


10 TRANSACTIONS 
Narragansett Bay and the Delaware Bay, were thought to be 
unsuitable for such operations due to high winds and ice con- 
ditions in winter months. 

The raw material from New Hampshire amounted to 1220 
tons per year, and the freight costs to different locations were 


about as follows: 


Boston..... $5734 Philadelphia... $8510 
Providence. ......... 5841 Wilmington. ... 8747 
New London....... 6417 Baltimore....... 9979 
New York S064 Norfolk...... 11346 


Port SuRVEYsS 


It was necessary to make a survey of expenses and working 
conditions at various ports, and that which was made for Balti- 


more is given here as an example. These expenses are sum- 
marized in Table 2 
TABLE 2 ACCOUNT OF EXPENSE OF A STEAMER 
DISCHARGING AT BALTIMORE 
Clearance at Custom House. . 5.00 
Custom-House fees. . 5. 00 
Quarantine fee (health officer) 10.00 
Running lines (in and out). 5.00 
Coopers, if required, $8 per day.. 
Tally clerks, if required (estimated). aniee 350.00 
Wharfage, no wharfage account, steamer at usual rail 
Use of preliminary bond.. 10.00 
Postage and miscellaneous. . 10.00 
Telegrams, telephone, etc. (actu al cost) (estimated) 15.00 
Pilotage inward, say, 23 ft. at $5.50.. 126.50 
71.50 


Pilotage outward, say 13 ft. at _ 50.. 
undocking, about.. 75.00 
(No shifts figured. ) 
Stevedoring, discharging 5000 tons at $1.50 ee 2240 Ib... 
Tonnage tax, 3800 net register tons. - 


.00 
.00 


Average rate of discharge, 650 tons per weather working day of 


NOTE: 
8 hours. 


TABLE 3 
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each direct call, but the tax paid within any period of twelve 


ESTIMATED COSTS OF PLANTS—AN APPROXIMATE COMPARISON 


ENGINEERS 


months is not to exceed 10 cents per ton. 

If vessels are plying between both 2-cent and 6-cent ports, 
the total tax paid within any period of twelve months is not to 
exceed 40 cents per ton. 

Entrance and clearance charges made by Government author 
ities amount to $2.50 to $10 for entrance and $2.50 for clearanc: 

Brokerage fees are $5 for entrance and $5 for clearance. 

Custom-house bond charge is $10. 

Dockage and Wharfage. Vessels discharging or loading «| 
piers owned by railroad companies do not pay any wharfag: 
if any portion of the cargo moves over the railroad where vesse| 
is berthed. On material moving over side or over the dock of 
a railroad other than the railroad owning the pier at which 
steamer is docked, there will be a top wharfage charge of 12 cents 
per 2000 lb. This also applies on freight delivered to lighters 
of railroads other than the railroad at whose dock the steamer 
is discharging. 

Towage. Towboat companies have fixed tariffs. 
cost of a shift is $80 to $100. The average cost of docking and 
undocking is about $60 to $70 total per steamer. 

Boatmen. Charges for running ship's lines are $3 for mooring 
for unmooring each shift. 

The rate for watchmen is about $4.50 per day of 


The average 


and $2 
Watchmen. 
12 hours. 
Stevedoring. 
to be handled. 
Tally Clerks. 
the day. 


Rates of stevedores depend upon the commodity 


Clerking is contracted for by the ton or by 


Water. Fresh water can usually be obtained at the railroad 
piers at a cost of $1 per 1000 gallons. Delivery by boat is 65 cents 
per ton. 


Surveyors. For inward cargo, the hatch-survey charge is 


-If built 


Philadelphia Wilmington Baltimore Norfolk 


Boston Providence New London New York 
and $810,000 $810,000 $890,000 $840,000 $785,000 $790,000 $780,000 
Land.. Cane ‘ 100, 80,000 lease 100,000 85,000 50,000 70,900 40,000 
Dock or bulkhead. panes 70,000 existing existing 60,000 55,000 50,000 40,000 40,000 
Dredging. . 25,000 none none none none 25,000 30,000 35,000 
Grading. . 20,000 none 5,000 15,000 10,000 25,000 15,000 20,000 
Piling for plant. . cinhom es 75,000 30,000 40,000 75,000 15,000 35,000 25,000 20,000 
Approach railroad. SEPP ree or a 20,000 existing existing existing 15,000 0.000 10,000 12,000 
pe eer eee 8,000 existing existiug 15,000 existing 10,000 existing 5,000 
10,000 existing existing 40,000 15,000 15,000 10,000 25,000 


Total cost of plant.......... 1,168,000 920,000 
Pilotage. Kates for pilotage for Chesapeake Bay: Vessels 
drawing more than 13 ft., $5.50 per foot deepest draft. 
Quarantine. Federal quarantine station is located about six 
miles below Baltimore. Each vessel is charged $10. 
Fumigation. Fumigation is performed by the U. 8. Public 


Health Service only. 

Custom House. Vessels coming directly from foreign ports, 
except ports situated in countries enumerated below, must pay 
a tax to the Federal Government of 6 cents per ton net register 
for each entry, but the total tax paid within any period of twelve 
months is not to exceed 30 cents per ton. 

Vessels plying between the United States and the following 
countries are subject to a tonnage tax of 2 cents per ton net register 
for each direct call, but the tax paid within any period of twelve 
months is not to exceed 10 cents per ton: Canada, Bermudas, 
Mexico, Bahama Islands, West Indies, Central America, and 
that portion of South America bordering on Caribbean Sea up 
to the Orinoco River. 

American, Norwegian, and Swedish vessels plying between 
ports of Norway, Sweden, and the United States are re- 
quired to pay a tonnage tax of 2 cents per ton net register for 


855,000 


1,195,000 1,035,000 1,015,000 990,000 962,000 


$15. For outward cargo, the New York Board of Underwriters 
survey charge is usually $15. 

Bunker Oil and Coal. Bunker oil and coal can be secured at 
favorable rates and upon short notice. 


Tue Cost or THE PLANT 


A considerable variation was found in the cost of buildings and 
equipment erected in the different localities. The labor-union 
regulations such as prevail around New York boost costs ma- 
terially in such cities. This was especially true in concrete and 
pipe work. 

In the study of the properties available, the existing buildings, 
roads, and water supply were of course taken into consideration 
as well as the amount of piling required for buildings and docks 
and especially the length of piling that would probably be required 

Taxes also were determined as they entered into the cost of 
plant overhead. Dredging became an item in plant overhea¢ 
when docks would not have extended to government channels. 


REAL-EsTaTE SURVEYS 


A personal inspection was required of properties available, a0 


5 
; ap 
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TABLE 4 SURVEY OF PROPERTIES AVAILABLE AT BOSTON New London 45 cents per hour 
—_ Approximate Providence........... . 45 cents per hour 
Description of Property cost of land Reston conte ner her 
No. 1. On Mystic River. Requires dock and piling for v ats per nour 
plant and some dredging. . $200,000 
On Commercial St., se by deep ‘water on the 4 
‘Charies iver, Devk required but no dredging... $400,000 The payroll on the basis of Boston was estimated at $250,000 
Yo. 3. On Chelsea Creek. 25 ft. of water at property. r ve ( ener: ctory labor i » various localities 
ee ee pe r year, an 1 as all g ne ral factory labor in the various localitic 
to. 4. Medford on the Malden River. A barging varied about in proportion to the common labor, the payrolls for 
proposition up the Malden. This is marsh land. c the varic districts were about as follows: 
Requires dock, piling for plant, no dredging. . $40,000 arlous dis ab a5 SOUOWS. 
io. 5. East First Street, South Boston, near Army 
Base. Assumed value. $400,000 


‘o.6. On Malden River, near U. S. Government prop- ),000 per year 


Boston, .. 

225,000 per year 
22 


erty. It would be a barging proposition $20,000 Providence s 
io.7. South Boston, on Boston Harbor, miles from New London 
35-ft. channel. A channel 50 ft. from property to New York 
main channel would cost $75,000. Has railroad New 10Fr 


5,000 per year 
75,000 per year 
$175,000 Philadelphia. .... $225,000 per year 
Wilmington. . $200,000 per year 
in one investigation all properties along the Atlantic Coast hav- Ma a $200 000 per iad 
ing 25 ft. depth of water and large enough for the plant from Norfolk. . - _. $175,000 per year 


TABLE 5 A COMPARISON OF THE PRINCIPAL VARIABLES IN OPERATING COSTS FOR DIFFERENT LOCATIONS 


Boston Providence New London New York Philadelphia Wilmington Baltimore Norfolk 
Delivery expenses on raw material 
from abroad 65 460 $32,225 : $76,080 $79,980 
Freight on domestic raw mi sterial.. K 5, 8,064 ,510 9,779 11,346 
Ove ad on plant . 93, 3, 8, 95,600 2, , 80,000 78,200 
Fuel 3,815 3,815 39,375 64,935 31,605 ‘ 58,905 55,944 
Factory labor... 250, 225, 225, 275,000 25 200,000 175,000 
Freight on finished peaee t 317,7: 321,621 323, 312,082 312, '960 315, ‘575 314,830 329,563 


790, 382 777,452 838,906 772,000 744,307 739,994 730,033 


Maine to Virginia were investigated. The results are given in SUMMARY 
Table 3. 

For brevity only the survey of the land found available at 
Boston is included in this paper. The results are found in 
Table 4. 


From Table 5 it seemed evident that Wilmington, Baltimore, 
and Norfolk warranted further study. Points south of Norfolk 
were ruled out as freight costs would rise very rapidly with no 
counterbalancing advantages. In fact, with general offices in 
_ ; New York City, it was felt that Norfolk was too far away. On 

From information available, common factory labor rates the other hand, Baltimore, which was not much more than four 
appeared to run about as follows: hours of travel by train from New York, had a better skilled-labor 

Norfolk. . .... 85 cents per hour market, and a more intensive study of this section disclosed a 


VARIATION IN Factory WAGES 


2. i ‘e » . 
baltimore 40 cents per hour site superior to any of those that had been reviewed in the pre- 


Philadelphia .. 45 cents per hour é 
Wilmington 40 cents hour vious comparison. After the final check was made, Baltimore 


New York 55 cents per hour was chosen as the best location. 
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Manufacturing and Wage-Payment Methods 
as Practiced by the Hall-Scott Motor Car 
Company 


By ALFRED B. CELANDER,! OAKLAND, CALIF. 


N DESCRIBING the Hall-Scott practice of manufacturing 
] parts for their engines, we shall start with the blueprint at 

the time it is approved and released for production. 

The planning department, after ascertaining the quantity and 
daily requirements of a part in question, will work up the follow- 
ing details: 

1 Lay out a line of operations, giving the shortest production 
path possible which is consistent with good practice. 

2 Give operation number, name of operation, locating points 
for progressive tooling-up, name of machine most adaptable, 
number of machine, estimated time to perform operation, 
estimated minimum number of pieces per day. 

3 Designate what special tools will be required, such as drill 
jigs, locating fixtures, piloted boring bars, reamers, form tools, 
and gages. The standard tools required, such as milling cutters, 
arbors, drills, reamers, and taps and spot facers are also listed. 

4 Make rough sketches of such tools as must be made to 
conform to layout and time element of that particular part. 
These rough sketches convey to the tool designer later on the 
original idea of the tools as figured in layout, saving on designing 
time and standardizing the design of tools, an item in itself 
worth considering. 

If the production warrants it, a “line-up” or a “gang” of 
machines will be arranged, taking the utmost care to machine 
the part in question properly. The time limit is set for the 
machine, and tools are designed in keeping with the quantities 
to be produced. 

In laying out a line-up, it is essential so to dissect the work to 
be performed that operations of a similar nature, such as all 
milling and drilling, may be done in proper sequence with a 
forward movement toward the finish end of the line. 

When an operation is necessarily slow, as, for instance, in a 
reverse-gear or chain housing, where several gear centers, bearing 
diameters, and shoulders must be bored and faced in one fixture, 
the time required to make one piece generally sets the maximum 
output of that particular line-up. If this maximum output is 
sufficient, then the following and shorter operations are done 
by one or several men following the work from one machine to 
the other to even up the time of the longest operation, thereby 
eliminating lost time and giving uninterrupted and continuous 
production. 

Where one machine will not produce the required amount, it is 
Practical to place two or more similar machines abreast in the 
line-up, and arrange for parts to be spread out to be conven- 
‘ently handled by these several machines. After passing through 
this operation, the parts are again brought together and finished 
Ina single line. 

In the Hall-Scott plant each machine has its individual elec- 
‘tie motor attached to or integral with it. This makes it possible 
to place the machine exactly where it is needed or to move it 

‘0a new location on a moment's notice should occasion, such as 
‘material saving of time, so require. 


‘Plant Engineer, Hall-Scott Motor Car Company. 
; sented at a meeting, May 31, 1928, of the San Francisco Sec- 
ton of Tue AMERICAN SociETY OF MECHANICAL ENGINEERS. 
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It may seem a trivial matter to move a production part a 
few feet or to the next aisle for the next operation, but as a 
matter of fact, this is wasted time and in many cases requires 
more time than is actually required to do the work. 

We find the line-up method, if organized properly, to be, 
in many respects, the ideal way of manufacturing for the follow- 
ing reasons: 

It stimulates the operator to do his best to keep up his part of 
the work. 

It breaks the monotony of the work, as the workman in most 
cases performs several operations and is kept busy arranging 
his work. 

It serves to eliminate spoilage, as the workman is doing the 
same thing over and over again and quickly detects any irregu- 
larity in the part. 

It tends to improve workmanship, as each man is made to 
understand that he is responsible for everything passed by him. 

It tends to act as a check on itself, as jigs and fixtures are used, 
wherever possible, which locate the part by the previous opera- 
tion and thus prove and lessen inspection. 

It saves inspection time, as line inspectors are provided with 
suitable inspection tools. The final inspection may, in many 
cases, be eliminated, and the part moved directly to the assem- 
bly line, or stock, as case may be, reducing chances for breakage 
and damage to parts in transit between operations and de- 
partments, in this case saving non-production labor and floor 
space. 

The mechanical handling of parts is well organized at the 
Hall-Scott plant. The rough materials, after being inspected, 
are placed on platforms or in boxes and are distributed through- 
out the plant by electric lift trucks. In the line-ups the roller 
type of conveyor is standard if the part is too heavy to be easily 
lifted. For the lighter parts, as, for instance, the piston and 
connecting-rod line-ups, special chutes are provided to slide 
parts from one operation to the next. For still heavier parts 
and for parts that will not slide or roll, there are jib cranes 
and overhead monorails from which are suspended various 
lifting units, with air hoists predominating. Compressed-air 
hose for cleaning out jigs and fixtures are suspended on counter- 
balances within reach of the operator, but out of the way of 
oil and the part in production. Nut drivers and stud setters, 
both pneumatic and electric, are also counterbalanced. In 
heavy-duty work they are attached to sliding members to protect 
the operator from injury. 

Inspection is very rapid, and limit gages of a heavy type set the 
go and no-go. 

Cleanliness is essential on all parts and is effectively handled 
in splash or spray washing machines of the link-conveyor type. 

Painting is done by means of a spray over down-draft exhaust 
grates. With this system it is not necessary for the painter to 
breathe through the customary wet sponge. In the old spray- 
booth system the painter had to work in the fumes or fog-like 
mist of the poisonous and explosive gases from the paint, which 
endangered himself and surroundings. In the down-draft 
system these fumes are drawn downward through grates and 


4 
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out of the building, never having time to settle, and thus gas 
pockets and accumulations of paint around the spray booth 
are eliminated. These grates are easily removed for cleaning. 
The pits have sewer connections and are washed out regularly. 
The doing away with the sponge alone has saved a lot of time, 
as proper care had to be given to it regularly. 

The laboratory makes a chemical analysis of all materials 
used, and it also gives a complete physical-property test to all 
heat-treated parts. 

There are two dynamometer rooms at the plant, in one of 
which there is a 400-hp. a-c. dynamometer and in the other a 
300-hp. Sprague electric dynamometer. Engines are given 
a final run, adjustment, and performance test to determine 
accurately that they are in all respects up to specifications. 


INCENTIVE WAGE-PAYMENT SystEM 


In order to establish uniform costs for various parts, an incen- 
tive wage-payment system has been adopted which is cutting 
down production variations to a minimum. 

The system used at the Hall-Scott plant is not built on the 
basis of speeding up machinery to a point which will shorten the 
cutting life of tools and possibly endanger the quality of the 
product. On the contrary, it was found, after a careful study 
of the situation, that the biggest factor to be dealt with was the 
time which was lost by the operator between the handling 
of successive pieces of work. In many cases this lost time 
exceeded the actual working time. 

It was found that several factors might account for this lost 
time. One of these was the placing of materials so that they 
were unhandy for the operator to reach, causing undue fatigue 
and possibly creating a tendency toward carelessness. Another 
was that quite often the parts being worked upon would not 
fit the jigs or fixtures properly, making it hard to set and re- 
place the work. These faults corrected, still another was found 
which was probably the most common, indirect cause of this lost 
time. This was lack of interest in the work to counteract the 
monotony of repetition. With this in mind a method was sought 
of adding an incentive for the workman which would benefit both 
himself and the company. 

As a basis on which to work it was decided to find the net time 
required by a good man to perform any operation, at a speed 
guaranteeing good quality with the best tools available, and done 
on a machine assigned to do the work. For performance in 
this time the company would allow an incentive pay of 1!/, times 
that for the time consumed. To this net time was given the 
name of “best time” per piece, which, if kept up throughout the 
day would give a maximum production under the most favorable 
conditions. But as a maximum standard would tend to hold 
down production, it was considered best not to use this expression, 
so that it is employed only for calculations in arriving at the 
results of problems. 

It was found more desirable to establish a minimum number of 
pieces that an ordinary operator should turn out in a standard 
8-hour day. This minimum number of pieces was set at 75 
per cent of the maximum. For this the operator was allowed 
his day rate. The time it takes to make one minimum piece 
is called “standard time.’ Standard time gives the standard 
cost of operation. For every piece made above minimum, a 
bonus of 75 per cent of the standard cost is allowed as an in- 
centive. 

As each individual operation must be analyzed and treated 
by itself, there has been developed a sheet called the “‘time- 
study record.” On this form, the time-study man records all 
characteristics, incidentals, and a step-by-step analysis of 
speeds, feeds, cuts, and special tools, if any, used in arriving 
at the observed time on the several pieces. From this the 


best time is determined. By adding 33.3 per cent for tooling 
and contingencies the standard time is obtained. Standard 
time multiplied by hourly rate would give standard cost; 
but as day rates vary, two standard day rates have been estal)- 
lished, one of $4.80 to apply on all operators under $6 per day, 
and $6 for operators receiving $6 or more. This makes the full 
bonus respectively $1.20 and $1.50, or 25 per cent of the two 
standard day rates. This gives the operator rated at $4.80, $6 
per day, and the $6 operator, $7.50, when the full number of bonus 
pieces is made, which is always possible if all time between pieces 
is accounted for and utilized and if no undue tool trouble occurs, 

A route card is issued in duplicate by the production de- 
partment, giving the number of the department to do the work, 
the operation, the set-up time, the minimum number of pieces, 
and the bonus rate. The original is given to the department 
foreman and the manila-card duplicate is slipped into a celluloid 
container and follows the material until the job is finished. 

In starting a new job lot the set-up time must be taken into 
account. This is also given on the time-study record and is 
the longest time it should take to get a machine or job under 
way. If the foreman finds that the job requires less time for 
set up than is stated on his production order, he will write in 
what time he allows on the next job card which is issued to the 
man who is to do this particular operation. The operator 
turns in the next job card to the timekeeper and receives his 
operator’s job card with clocked time of starting the job and 
other information needed, such as set-up time, minimum pieces, 
and bonus rate. 

This system applies as well to groups as it does to individuals 
Take for instance the case of the connecting rod and its cap. 
Both of these have been produced on the bonus plan for three 
months or more. The rod goes through 22 machining operations 
in a line of machine tools with a group of seven men. Each 
man attends to from 3 to 4 operations, thus dividing up the 
work equally. The best time is 0.03333 hr. and the standard 
time is 0.04444 hr. The hourly rate for this class of workman 
is $0.60, making the standard labor cost per operation $0.02067 
Hence the minimum for 180 pieces is $4.80. Taking the last 
three days’ output of this particular part as 234, 236, and 238 
or an average of 236, and subtracting the minimum of 180, 
there are left 56 pieces for which the men are entitled to a bonus. 
Seventy-five per cent of the standard cost of $0.02667 is $0.02, 
which is the bonus on 56 pieces, or $1.12 bonus money to be 
added to each man’s day rate. The total earnings of thes 
seven men on May 8 were as follows: 


Clock No. 20, day rate $4.80 plus bonus $1.12 = $5.92 
Clock No. 21, day rate 4.40 plus bonus 1.12 = 5.52 
Clock No. 34, day rate 5.44 plus bonus 1.12 = 6.56 
Clock No. 77, day rate 6.00 plus bonus 1.12 = 7.12 
Clock No. 93, day rate 5.54 plus bonus 1.12 = 6.66 
Clock No. 94, day rate 4.00 plus bonus 1.12 = 5.12 
Clock No. 212, day rate 3.64 plus bonus 1.12 = 4.76 


Total for machining 236 rods............. $41.66 


In dividing cost by rods made the result is $0.1765 for the 
seven men’s work per rod ready for assembly. The last pre 
vious day-work record showed a cost of $0.5134 per rod, which 
is 190 per cent higher than the present cost. 

The cap for the connecting rod in question is made in a sep 
rate line-up. There are nine operations and three operator 
The best time is 0.03167 hr. The standard time is 0.04222 br. 
The standard cost is $0.02534 X 3 operators, which amount 
to $0.07602 per cap ready for assembly. The last previow 
day-work cost was $0.2623, or 245 per cent higher than the 
present cost. 
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There is another advantage of this line-up and bonus pay 
that might be worth pointing out. Let us suppose that we 
start this line with seven men. At first every one is busy keep- 
ing his allotted machines going, but after everything is running 
smoothly each man finds time to do a little more, so that even- 
tually the crew can be reduced to six men. This does not alter 
the time-study record materially, but just rearranges the opera- 
tors and pays six instead of seven men, saving one-seventh 
of the cost. 

When the bonus payment system is completely installed, 
it will be possible to tell, not alone the labor cost of the parts, 
but also the exact amount of individual machine time necessary 
for a given number of motors per day. This, in turn, will 
govern the number of men required in the production depart- 
ments, and it will also show whether it will be necessary to work 
overtime on any machines in order to meet production re- 
quirements. 

To facilitate the work of the time-study man, a set of tables 
has been worked out. One gives the seconds and minutes 
consecutively from 1 to 60, converted into decimals of one hour. 
Another gives the bonus rate to minimum pieces from 1 to 200. 
In order to distinguish the lower bonus rate from the higher, 
the latter is prefixed with a zero, making it permanent and al- 
ways to be written that way. For instance, the bonus rate of 
019 = $0.23684 gives the higher rate as against the bonus rate 
of 19 = $0.18947 for the lower. 

The contention that spoilage is kept to a minimum with the 
line-up and bonus payment system was upheld on a check of 
1143 connecting rods that were finished on May 10. The first 
operator lost three by misplacing them in one of the milling 
fixtures, the third man misplaced two in a drill jig and one in 
straddle-milling operation, a total of six spoiled and 1137 passing. 
It will be noticed that five men out of this seven-man line never 
missed once, and in all but one instance caught the spoiled rod 
on the next operation. This is about half of one per cent spoilage, 
which must be considered good. 


Discussion 


Artuur B. Domonoske.? The paper comments on the speed- 
ing-up effect of the work on the conveyor coming to the operator, 
but the writer believes that the work leaving the man has as 
favorable psychological effect on him as the pieces coming to 
him. Any observing stockchaser soon learns to remove rush 
jobs from the vicinity of the workman as soon as they are com- 
pleted, even if the need of haste no longer exists. In the line, the 
workman actually sees the work on the way to the next station 
and also notes how urgently it is needed. This may result in 
spurts of speed at the time most vital to keep the line going 
when otherwise delay might arise from lack of parts. 

Several questions occurred to the writer in reading the section 
on the bonus system, as: 

There are two standard day rates, $4.80 and $6.00, with a 
possible bonus on the connecting-rod job of $0.02 and $0.025 per 
piece respectively. In the table shown, the $6 man receives the 
same bonus as the $4.80. In general, would the $6 man in the 
$4.80 line receive the higher bonus or the bonus common to the 
group? 

When the shop is completely changed to the bonus system, will 
the foremen of the departments receive additional compensation? 
The writer has noticed much discontent among set-up men on 
automatics, where the operators were able to earn good money 
on piece rates while the men responsible for the set-up were paid 
day rates. 


_* Executive Head, Mechanical Engineering Department, Stanford 
University, Calif. Assoc-Mem. A.S.M.E. 


MAN-50-16 15 


Although not mentioned in the paper, what provision is made 
for machine repair? Does the company rebuild or have some 
other firm rebuild machine tools? In other words, is it economi- 
cal to rebuild an old machine or would scrapping be better? 


8S. 8. Jacoss.* Before proceeding with the discussion or any 
details concerning this particular production system,it might not 
be amiss to check up to see what a production system should 
consist of basically. 


Basic Propuction UNItTs 


The following broad divisions into which production work 
might be grouped will take care of all major requirements: 


1 A proper detail blueprint to contain all necessary informa- 
tion and dimensions, properly toleranced material and its treat- 
ment, tooling record, and change record 

2 A planning department to decide operations and their se- 
quence, and also time study and rate setting where used 

3 A production department to see that necessary materials 
are ordered and that the planned program is carried out by a 
follow-up systera 

4 A properly balanced manufacturing organization 

5 An efficient inspection system to maintain the necessary 
quality and accuracy standards of the degree of interchangeability 
and accuracy necessary 

6 A cost-finding and audit division. 


The Hall-Scott system as outlined in the paper presented seems 
to cover the production requisites as outlined and shows a well- 
balanced organization. Production systems have proved their 
merits in cost cutting, increasing output, while still maintaining 
quality and interchangeability. They must, however, be cus- 
tom-made to suit each individual business. The system which 
functions perfectly in one plant might be very inefficient in an- 
other. There are several interesting production applications in 
the description of the Hall-Scott system. One of them is the 
application of straight-line production, and the other, the applica- 
tion of the bonus system. 


PRopucrTion 


In discussing straight-line production, it is of course obvious 
that a fairly large quantity of parts, and reasonably continuous 
manufacture, would have to be present in order to use the method 
advantageously. As an example: A connecting rod of which 
1143 parts were manufactured, cost 26 cents each, or a total of 
approximately $297. This line would need a fairly permanent 
set-up and continuous operation or there would be a considerable 
increase in cost. The set-up and tear-down cost of tools for this 
$297 worth of work would be rather high for this output if inter- 
rupted before complete. Very often, on the other hand, if there 
were not sufficient work for continuous operation, the cost of 
machinery standing idle in the straight-line method would not 
be economical, if not used for other parts. 


SERVICE TO CUSTOMER 


The problem of service and parts supplied to customers also 
enters into this plan. It is not always possible or economical to 
carry too large a stock of service parts. If the stock gets below 
the level, any manufacturing of service parts will probably inter- 
fere with a straight-line system of producing parts for a regular 
run of machines. If an emergency order for parts which had to 
be rushed were received, it would upset the predetermined plan- 
ning program on a straight production line where the machines are 
grouped in the proper sequence for the manufacturing or assembly 


3 Chief Draftsman, American Can Company, San Francisco, Calif. 
Mem. A.S.M.E. 
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of units. These extra parts are sometimes taken care of by over- 
time or extra shifts. Neither method is always economical where 
parts are sold by pre-set catalog price and figured on regular pro- 
duction-cost basis. 


FLEXIBILITY IN FORMING MACHINE LINE-UP 


While flexibility in tool placement and arrangement seems an 
ideal scheme, the majority of production tools today are very 
heavy. They require good foundations which are permanent, to 
meet modern production demands. It is rather difficult to have 
most production machinery, even though motor-driven, taken 
from place to place and arranged with very little time elapsing 
before machine is ready for production. 

While considerable time is undoubtedly lost in transferring work 
from machine to machine and from operation to operation, this 
can be reduced to a rather small figure by modern means of trans- 
portation. In a concern where a great many parts and a good 
many different machines are manufactured in rather small quan- 
tities, it is a difficult matter to group machines unless the amount 
of equipment is increased. In place of this investment in extra 
equipment, the money could be invested in quick transportation 
units, either mobile in character, such as hand or electric trucks, 
or stationary permanent units, such as roller conveyors, elevators, 
and the like. 

The author mentioned the use of as many of these modern 
methods of part transportation, along with the straight-line 
units, as seemed feasible. It seems improbable, however, that 
beyond such machines as light lathes, drills, etc., most of the 
major heavy machines in modern manufacturing could, as now 
designed, be moved around at a moment’s notice. If such 
machines, mobile in character, were made, they would be of the 
lighter variety or perhaps of special design for special-purpose 
work. 

Opposed to this idea of straight-line manufacture, the same 
class of machines might be distributed in unit lines, in various 
parts of the plant in a machine-group plan. This consists of 
placing each group of similar tools as a unit with a trained fore- 
man in charge of each group. One foreman is in charge of mills, 
another one, of drills, another, planers, etc., and this makes for 
considerable efficiency in both foreman and operators in each de- 
partment. The benefits of this group system are entirely lost in 
a straight-line set-up. 


STRAIGHT-TIME AND Bonus-SysTtEM WorK 


The second major item of interest in the paper presented is 
the development of a special bonus system. Again, the matter 
of quantity production comes to the fore. Where parts are not 
made in quantity, the economy of bonus or premium system is 
questionable. This has been proved in the concern with which 
the writer is connected and in which four of the Eastern manufac- 
turing plants operate under the premium system as against the 
San Francisco plant which operates on day labor. In San Fran- 
cisco with a greater variation in the number of parts manufac- 
tured per employee, the production quantity per part does not 
warrant the overhead expense involved. The larger quantities 
manufactured at the Eastern plants allow sufficient leeway for 
extra cost of clerical work necessary for bonus or premium pay. 
The premium method seems to be a better system, however, than 
either day work or straight-line work as used by Hall Scott Co., 
and offers a solution of rate setting for both the fast and slow man. 

For the shop where premium-system overhead is too great, 
may be mentioned the matter of foremanship. The alert high- 
class foreman goes a long way to offset, in a straight-day-work- 
payment shop, the gain which is made in other plants by using 
the premium system, it being understood, however, that a produc- 
tion system is followed in both cases and work is planned. 
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As an example: In the San Francisco plant of the American 
Can Co., which is without a premium system, but where work is 
planned, and where the tooling is equal to that of the Eastern 
shops using the premium system, the costs have been practically 
the same when from ten to one hundred pieces were produced at 
one setting. When the number of parts increased from 250 to 
1000 at one setting, the effect of the premium system is noted. 
The quantity of parts allows a man a chance to get the swing of 
work and the handling of tools, and parts are produced faster as 
the work progresses. so that naturally the cost is reduced with 
practically no rise in spoilage percentage. The key to this whole 
subject is undoubtedly sufficient quantity. Just where the line 
may be drawn as to what quantity, and with what tooling, pre- 
mium work would have its best effect, isa rather hard thing to cde- 
termine. It must be worked out for each individual concern 
according to its needs. 

The paper states that the bonus system has been installed with 
practically no extra clerical work involved. It would seem rather 
a difficult matter to install time study, rate setting for bonuses, 
and continuous adjustment of these from time to time without 
additional clerks, study men, and the systematic gathering, re- 
cording, and revising of data for a shop producing large quantities. 
This additional overhead, if it develops, is soon absorbed in the 
profitable results obtained. A shop producing small quantities 
of each part would probably find this system too detailed for profit 
showing. 

The standard of foremanship is becoming more and more an 
important function in manufacturing procedure. This is particu- 
larly true where a variety of production parts must be manufac- 
tured in relatively small numbers. The foreman thus becomes 
the key figure in an operating or production system, rather than 
the individual urge of each mechanic due: to any bonus or pre- 
mium system. While a straight-line set-up, as described in this 
article, isan excellent one where it can be applied, the application 
can only be ideal in a relatively small number of plants. The 
average number of men, according to statistics, employed in 
manufacturing plants, is under a hundred men per plant in the 
U.S. As there are many large Eastern units employing thou- 
sands of men in one plant, it can readily be seen that there must 
be hundreds of small plants to a few large ones. The total pro- 
duction of the small plants amounts to an enormous figure, and 
with the ordinary man purchasing these productions and paying, 
in the cost, all the inefficiencies which exist in small plants, it 
seems that the necessity for a production system adaptable to 
small organizations is just as necessary as such methods as are 
described in this article which are applicable to only fairly large 
units. 

At this point it might be stated that there are a great many 
large manufacturing plants which do not find it economical, be- 
cause of the size of production machinery and other features, 
to use straight-line methods. 

The writer's personal observations of a considerable number of 
Eastern plants, such as machine-tool builders, were that only 4 
few of the units are given what might be called straight-line 
manufacturing progress to a given assembly point. The method 
of manufacturing eight or ten parts in gang machining is used in 
preference to manufacturing single parts in a straight process. 
Under this system of group machinery rather than straight-line 
process, the piecework system is used perhaps more than the 
premium. Each operator working on an individual machine is 
responsible only for what he produces, and the speed of an operator 
behind or in front of him has no effect on the amount of work 
which the individual can produce. 


CoRRECTIONS AND REJECTIONS 


No mention was noticed in the article as to methods of handling 
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corrected and rejected parts. The higher the degree of inter- 
changeability and quantity demanded, the greater the percentage 
of corrections and rejections. This will be so whether inspection 
is automatic by checking jigs or personal by inspection gaging. 
This would also be so whether inspection is for each operation or 
only the finished work. 

Corrections and rejections may be brought down to a minimum, 
but they can never be entirely eliminated. They must be con- 
sidered in any bonus system. The division of the losses in such 
parts between employee and employer is usually a sensitive 
matter. While the method of adjusting in the Hall-Scott system 
is unknown to the writer, he feels that the giving of a bonus of 
75 per cent of time only for work over standard time is very 
liberal, and he wonders if the spoilage and correction adjustments 
are taken out of this time of employee or are absorbed by the 
company. 

Another matter of vital importance in such systems is the effect 
on men not directly making parts but indirectly responsible for 
speed of work produced by premium-receiving employees. If 
the foreman is not allowed a premium in proportion to the men in 
his charge, the best results cannot be expected. If the men sup- 
plying material, treating material, etc. are not considered in 
such a system, there will be possible lapses of efficiency in system. 

At this time the writer would like to outline a system which in- 
cludes consideration of all persons concerned in producing parts 
at a rate above standard, and who ought to receive some con- 
sideration from results obtained over standard. This system 
consists of, first, a standard cost set on each operation, the rate to 
be set in hours or tenths of hours rather than in dollars and cents. 
Thus, the time cards and payroll for any employee, irrespective 
of his day rate, can be easily balanced. Second, penalty time is 
deducted from the time saved according to the pieces corrected 
and rejected in lot manufacture. The premium is figured by 
taking actual lapsed time for a job, divided by the total number 
of pieces, and to this lapsed time is added penalty time for cor- 
rected and rejected pieces. This, subtracted from standard 
time, gives the premium time allowed. An example of this would 
be as follows: 

Suppose that out of 100 pieces made, 87 were good, 10 were 
corrected, and 3 were rejected, and the total time worked on origi- 
nal pieces was 75 hr. This represents 0.75 hr. each. The pen- 
alty time would be 13 pieces multiplied by 0.75 hr. which equals 
9.8 hr. actual time. Seventy-five hours plus 9.8 hr. penalty time 
gives 54.8 hr. gross elapsed time. If the standard time were one 
hour each, the 87 pieces would take 87 hr. The allowance for 
corrected pieces plus the 87 good is 84.8; a total saving of 2.2 
hr. for which premium would be allowed on the job. 

The premium is divided so that 50 per cent goes to the em- 
ployee directly making parts and 50 per cent to the company. 
The company in turn takes 20 per cent of its portion and places 
it in a so-called premium fund. This fund is divided among 
those persons in the plant who are in a position to increase produc- 
tion through direction or supervision, called class ““A’”’ employees. 
On the other hand, other indirect employees, such as those fur- 
uishing material, tools, power, or facilitating the progress of the 
work, would be classed as “B” group. In a system of this kind, 
it is obvious that executives, engineers, production men, inspec- 
‘ors, premium clerks, etc. could not participate in premiums. 

_ The premium fund is divided as follows: 80 per cent of fund 
8 given to class “A” group and 20 per cent to class “B.” The 
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total fund allowed to each group is divided by the number of 
men in each group participating, each receiving an equal share. 
Class ‘‘A’”’ group consists of foremen, assistants directly super- 
vising producing employees who receive 80 per cent of bonus 
fund. The “B” group consists of indirect foremen, such as 
pattern-shop, heat-treating, and tool-room foremen, etc., and 
such men as casting clerk, chief stock keeper, electrician, mill- 
wright, etc. 

It can be readily seen that in such a system everybody con- 
cerned from the man handling the raw material to the man work- 
ing on it participates in the premium and that a unified spirit of 
speed and production is produced. As an example of the average 
premium rates which can be earned, the following figures may be 
of interest. The premiums in four plants located in various 
parts of the United States vary from 4 cents an hour to 11 cents 
an hour in addition to standard wage, or from 5 per cent to 17 
per cent. The department foreman in one month might average 
around $50 in additional wages on a premium basis, while the 
class ‘“B’”’ group participants average from $7 to $24 a month 
extra. These amounts are well worth while when one considers 
that the average standard rate paid is reasonably close to the 
day rate paid by some other plants. 


AvTHOR’s CLOSURE 


Our bonus system, as started a year ago, is gradually working 
its way through all machine departments. So far we have found 
no serious obstacle in applying it. We have operations on parts 
that will take a whole day to perform and other parts of which 
3584 pieces are finished in one day, with bonus applied just as 
efficiently with lots ranging from 25 pieces to a continuous run. 

It is true that any system, in order to function, must be more 
or less ‘‘custom-made’”’ in order to fit into the various lines of 
business; but the principle remaining is the same, therefore it 
can be readily applied. 

As to our bonus rate: If a $6 a day man is temporarily in a 
lower bonus line-up, as it happened in the connecting-rod line 
at the time in question, he is paid the low bonus rate, but if it is 
a permanent job for a high-priced man, he gets the high bonus. 
Our additional clerical help on bonus costs less than 3 per cent. 

As to rearranging line-ups, we do not hesitate in switching 
machines about, be they heavy or light, if production benefits by 
it. The only machines placed permanently are large Ingersoll 
milling machines and the largest sizes of boring mills. These 
machines are generally placed and the line-ups are laid out ac- 
cordingly. The floors are heavy enough to carry all others with- 
out a special foundation. 

As to toolsetters and foremen participating in bonus, the point 
may be well taken, especially in factories where their earnings are 
less than those of the man on bonus, but, may I say this. We 
have had the heartiest cooperation of everyone, men and fore- 
men alike. The chief aim of all has been to bring the output up 
to meet time allowed without sacrificing quality. 

Seventy-five per cent of standard cost paid in bonus on all 
pieces above minimum leaves 25 per cent which may be accumu- 
lated and used to advantage, in paying the cost of the system, a 
participating bonus, or new tools, as the management may decide. 

Hall-Scott maintains a machine-repair and rebuilding depart- 
ment. If a machine is not suitable for one job a place for it 
can always be found on a single-purpose job where it will do as 
good work as a new high-priced machine would do. 
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tion in a Department Store 


The fundamental principles of motion study are first presenied, 
and are subsequently illustrated in the report of a study which 
was made of a centralized cashiering system in the department 
store of R. H. Macy & Co., Inc., New York. 

After defining motion study and stating its benefits to worker, 
employer, and community, the authors describe the methods used by 
the motion-study analyst in attacking the problem of finding the 
best method of doing a particular job. The complete data relating 
to the job, the worker, and the environment are first collected. The 
sequence of operations involved in the job and related to it are re- 
corded in a process chart, and in some cases a micromotion study 
is made, the actions of the worker being recorded on a motion- 
picture film. Placed in the scene is a special clock which shows 
the Lime to ', io of a minute, and thus makes it possible not only to 
study the motions, but to time them accurately. From these films, 
a simultaneous motion cycle chart is prepared. The data and 
records thus obtained in the preliminary study of the present method 
are used as a basis for making changes which will increase pro- 
ductivity, reduce fatigue, and save time. From these studies, the 
best method of doing the job is evolved. Tasks and rates can now be 
set and incentives established. 

The case illustrating the principles described is presented in the 
second part of the paper. The factors affecting the work of the 
cashier are summarized and the results of the motion study dis- 
cussed. Examples of the process and simultaneous motion cycle 
charts are given. The changes which were made in the working 
equipment, the work room, and the work of the cashiers are de- 
scribed, and the benefits which have resulted from the careful analysis 
are explained. 


eliminate needless, ill-directed, and ineffective effort, 

and the resulting unnecessary fatigue, and to utilize 
the necessary effort in the most economical way. It benefits 
the worker by placing the best-adapted worker on the job, by 
climinating fatigue, and by increasing earnings; it benefits the 
employer by increasing production and decreasing unit costs; 
and it benefits the community by providing lower-priced com- 
modities, greater purchasing power, and better-adapted and 
better-satisfied members of society. 


Mi simi study is a method of analyzing work in order to 


METHOD AND TECHNIQUE OF Morion Stupy 


“Motion study consists of dividing work into the most funda- 
mental elements possible; studying these elements separately 
and in relation to one another; and from these studied elements, 
when timed, building methods of least waste.” (Gilbreth, 
“Applied Motion Study,” p. 48.) “The variables which must 
be studied in analyzing any motion group themselves naturally 
‘nto the following divisions: (1) variables of the worker; (2) 
variables of the surroundings, equipment, and tools; (3) variables 
ot the motion.” (Gilbreth, ‘““Motion Study,” pp. 6 and 7.) 
The accurate measurements involved in getting the best results 
inelude three elements. We must determine first the units to 


' Director of Planning, R. H. Macy & Co., Inc. 

“Assistant Director of Planning, R. H. Macy & Co., Inc. 
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be measured; second, the methods to be used; and, third, the 
devices to be used.”’ (Gilbreth, “Applied Motion Study,” 
p. 44.) These devices should be as refined as necessary to get 
the best results, considering also how much time and money may 
be justified by the expected results. 

The method employed by motion study includes, first, record- 
ing present conditions and practice. Under ‘‘conditions,” the 
survey includes the surroundings of the worker, such as the 
lighting, ventilation, dust, temperature, humidity, odors, noise, 
etc. The work place and its relation to the worker are also 
studied, that is, the equipment used, such as desk or bench, 
chairs, ete., and also the tools and devices used. The work done 
is recorded in detail. For this purpose the process chart is 
used, and, in some cases, micromotion study. Both of these 
devices and their uses are discussed later in detail. 

All other data relating to the job such as flow of work, peaks in 
business, records of past production, cost records, ete., are also 
gathered, as well as data concerning the worker, including the 
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physical, psychological, and psychiatric factors influencing his 
work on the job. Information on age, sex, schooling, physical 
conditions, personality traits, and ratings on intelligence and 
psychological tests are included in the worker's record. 


OTHER STeps oF MetHop 


After present conditions and practice have been recorded, the 
next step is to analyze the data, considering such points as the 
following: 


(1) Is the work necessary? Does it contain any un- 
necessary elements, operations, or ‘‘therbligs?’’* 
a Can these be eliminated entirely because they are 
useless? 
b Can they be eliminated by combination, substitution, 
ete.? 
(2) a Can the necessary work be done with less expendi- 
ture of effort? 
b Is the arrangement of work, materials, and tools within 
the normal grasp area?* 
c Is the routing and scheduling most direct, providing 
continuous work, etc.? 


3 Gilbreth divided all operations into 17 elements of a cycle of mo- 
tions which he called ‘‘therbligs.’’ See Handbook,” 
p. SO9. 

‘Work done by Piacitelli and Allen (Manufacturing Industries, 
July, 1927) and Moeda and Lossagk in Germany has developed 
data on the normal grasp area and the best working area. 
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d Can improvements which will reduce fatigue be made 
in the surroundings of the worker? 


Through the analysis of the data, possibility methods are 
developed, and finally the ideal solution is determined, including 
the best methods, the best conditions, and the best type of 
worker. However, the ideal solution may not be the one ac- 
tually installed, since limiting factors, such as the cost of new 
equipment compared with possible savings, may force deviations 
from the ideal. The solution decided upon, however, must be the 
best practical solution, considering all of the factors in the situa- 
tion. Developing the ideal solution is, however, desirable and 
essential even though it may not be installed in toto. 

After the conditions and methods are standardized, the task 
can be set and an incentive plan decided upon. Then the 
problem of maintenance of the standard methods always arises, 
and for this purpose standing orders and instruction cards are 
used. 


Devices Usep Dreprpenp Upon 


When the motion-study analyst is beginning an investigation, 
he decides how much and what elements of his technique he must 
use on the particular job. The character of the job decides this 
question. At times only a process chart will be necessary. 
On other more complicated jobs a micromotion study involving 
the use of motion pictures may be needed. 


Process CHartTs 


Process charts are used to record in a simple compact form 
and to visualize the elements of a process in sequence and in re- 
lation to the entire process. They record present practice for 
the purpose of studying and analyzing the present practice, and 
also serve in visualizing possibility processes which improve the 
present practice by (1) changing the sequence of elements, 
(2) eliminating elements, (3) combining elements, and (4) 
substituting or changing elements. 

As a record of standard practice, the process chart serves as an 
authoritative and complete picture of the entire process. It is 
particularly useful as a teaching device and as a means of main- 
tenance. 

At the top of a process chart there is usually a plan of the 
work place, with the arrangement of equipment and tools. The 
chart itself is made up of a series of symbols, connected by lines, 
indicating the sequence of operations and also the relationship of 
those operations, such as alternatives of process, separation of 
units, and combination of units. Such a chart, prepared in 
connection with the case illustrated in this paper, will be found 
in condensed form in Fig. 2. The symbols indicate: 


(1) What—that is, materials and supplies, operation in- 
spection, movement, storage of materials and supplies 
(2) How—that is, word description next to symbol 
(3) Who—name of job or mnemonic job symbol 
(4) Where—work places, work rooms, etc. 
(5) When—that is, sequence or if a definite time, 
in description next to symbol. 
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MIcROMOTION StubY 


The other particular device used by the motion-study 
analyst is the micromotion study. By this method, a 
motion picture is taken of the worker at his work place 
with a clock included in the picture. A record is thus 
made of the method used, the time taken, and all the 
surrounding conditions (except sound). 
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The data on the film may be studied 
at any convenient time and shown 
graphically on a simultaneous motion 
cycle chart, known as a “simo” chart, 
a sample of which is illustrated in Fig. 
3. Such a chart indicates horizontally 
the parts of the body used and vertically 
the time consumed by each element of 
motion ortherblig. The time is shown 
in units Of '/jo9 of a minute, which is 
possible because the clock included in 
the picture registers time in this small 
unit. As the data are taken from the 
film, the motions are split up into 
therbligs. Each of the 17 therbligs is 
shown in an individual color, so that it 
is possible to see from the chart the 
exact therbligs used and the time con- 
sumed by each. 

By comparing the therblig analyses of 
all the methods used, the analyst can 
easily compare the differences in the 
various methods and can evaluate each. 
He is then able to complete his analysis 
and synthesize the best arrangement 
of therbligs into the best method. 


VALUE OF MoTIoN Srupy 


Analyzing work by means of the 
principles and technique described 
above has the following advantages: 

1 In the first place, this method 
considers every element influencing 
the work and thus effects improve- 
ments in every factor, that is, the sur- 
roundings, the equipment and _ tools, 
the method, the worker, and thus the 
time. 

2 Motions are recorded as well as 
time, and thus the data on time are of 
real value. 

3 In addition, this is the only 
method by which it is possible to ana- 
lyze adequately operations involving 
short cycles or very rapid movements, 
since the elements of this type of work 
cannot be studied as accurately by the 
stop-watch method. Analyzing this 
type of work is very important, as often 
enormous savings can be made both in 
unit cost and in fatigue by analyzing 
these short-eycle or rapid-movement 
operations. 

4 These devices are also valuable 
in studying a group of workers. It 
is, indeed, the best method to record 
What each worker is doing simultane- 
ously when a group works jointly on an 
operation. 

5 This method also has a decided 
advantage in recording the standard 
method as wellas standard time. This 
's particularly valuable in setting a task. 


Fig. 3 SIMULTANEOUS Motion CycLe 
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6 As a means of training the analyst himself, this method 
forces attention on all phases of a problem, develops a logical 
analysis of the job, and also develops keen observation in the 
elements of motion. 

7 This method also permits recording times of fundamental 
motions or therbligs. This is important in building up standard 
times, when the elemental times are considered in relation to the 
variables. 

8 As a means of training the worker, the micromotion pro- 
duces acquisition of skill in a minimum time; first, by training in 
motions and thus developing habits of correct motions from the 
start; and,second, by providing a visualrecord of what is to be done. 


APPLICATION OF Morion Srupy 1n 


Turning to a definite field, we find that the principles of motion 
study can be applied in the retail or distributing field as well as 
in the factory. This has, indeed, been done by R. H. Macy & 
Co., Inc., a retail department store in New York City, in order to 
perfect methods and systems, and to set tasks. 

The technique, moreover, has been used on a large variety of 
jobs. It was used, for example, in analyzing conditions existing 
in the fur-storage department which receives coats from customers 
in the spring, stores them in cold vaults, and then delivers them 
to customers when wanted, usually in the fall. The entire work 
of the department is concentrated in a few weeks in the fall and 
spring. The fur-storage problem was largely one of determining 
the simplest, most direct, and most economical routing for the 
handling of the furs and the records involved; scheduling the 
work to take care of a tremendous peak, which lasts only a few 
weeks; providing the best methods for each job so that high 
production can be made on each job and, in addition, so that 
definite training can be given and the duties of each job learned 
in a minimum time. 

The method has also been used in the furniture warehouse, 
in arranging stock in some of the selling departments, and in 
standardizing methods and setting tasks in correspondence, 
typing, and depositors’ accounts (banking) departments. To 
illustrate the principles of motion study, the details of the method 
as applied to the analysis of the problems existing in the central 
cashiering department will be presented. 


Purpose oF CASHIERING Stupy 


The study of the cashiering department was undertaken in 
order to improve the service to customers and also to decrease 
the operating costs of the tube rooms by increasing the production 
of the workers. 


DESCRIPTION OF DEPARTMENT AND WORK 


The tube rooms are the units of a centralized cashiering system 
to which the money received from the customer and two copies 
of the sales check are sent in carriers via pneumatic tubes. The 
carriers fall on a belt conveyor and are carried to the cashiers 
who sit at desks on either side of the belts. Fig. 1 shows the 
arrangement of one of these tube rooms. 

The cashier grasps the carrier from the belt, opens it, withdraws 
the money and sales check from the carrier, counts the money 
and checks the arithmetic of the sales check, stamps both copies 
of the sales check, retains one copy, but places the other with the 
change in the carrier. She then dispatches the carrier by placing 
it into a tube from which it falls on to a lower belt conveyor which 
carries it to the switcher at the end of the belt. 

The switcher sends the carrier back to the department where 
it is given to the sales clerk. In the meantime, the merchandise 
checker, located in the department where the sale was made, 
has been wrapping the package, so that both the package and the 
change are now ready for the sales clerk to give to the customer. 


ConpitTions BEFORE THE StTupy 


Before the study was made, a bonus plan had been in operation 
in the tube rooms for several years. With this incentive, an 
increase in production had been obtained. Indeed, some of the 
cashiers had become very skilled in methods which each one had 
developed for herself, and had developed a high average produc- 
tion. The average production of most of the cashiers was quite 
low, however, and the time required for a new cashier to become 
skilled was from 3 to 4 months. This was a decided handicap 
at the time of the Christmas peak, because there was a possi- 
bility of giving very poor service to customers unless new cashicrs 
were hired long before the peak actually arrived. 

RECORDING PRESENT CONDITIONS AND PRACTICE 

The first step in the study was to record present conditions 
and practice. A survey of the surrounding conditions included 
the lighting, ventilation, noise, and vibrations. 

Desk lamps on each cashier's desk illuminated part of the 
working area of the desk as much as 50 foot-candles (direct|y 
under the lamp), with variations down to 20 and 10 foot-candles 
on different parts of the desk. The general illumination of the 
room, however, ranged around 4 foot-candles, with parts of the 
room, especially the end and the corners, in deep shadows. The 
contrast between the brilliantly lighted spots on the desks and 
the meagerly lighted surroundings made the cashier adjust lier 
eyes to the difference every time she raised or lowered them 
This situation contributed to the fatigue of the cashiers. 

The ventilation was good in all of the tube rooms except tlie 
one nearest the street. Here the dust from the street was sv 
bad that it was out of the question to keep the windows open. 

Nothing had been done to eliminate the noise caused by the 
vibrations of the air drums of the tubes and the whirring of th: 
motors moving the belts. The noise was deafening, so much so 
that the ringing of the telephone, which was almost continuous, 
was scarcely heard. 

The vibration of the floor of one of the tube rooms presented a 
very annoying problem. This tube room is over the engine room, 
in which the steam pipes were hanging from the ceiling directly 
under the floor of the tube room The result was a constant 
quivering of the floor to which it was difficult to become accus- 
tomed. 

The general layout and routing of work in the tube rooms had 
been previously studied, and after restudying the situation, it was 
decided that the present layout was the most desirable one. 

Work-P.Lace 

The work place and the equipment, however, were also studied 
in detail. The layout of the desk was studied in connection with 
the motions involved in the transaction, as will be discussed 
later. The old desks were 38 in. high, a little too high for com- 
fortable working when the cashier was standing, but the desks 
were made that height to accommodate the height of the top 
belt. High chairs were used also, but these were of the swivel 
type on which the seat and back rest tilted backward and on 
which a circular hoop about 10 in. from the floor served as « foot 
rest. The chair was so awkward that the cashiers sat only on the 
front edge, with no support for the back and in a very strained 
and fatiguing position. The equipment—the cashier's stamp, the 
carriers, crayon pencil, etc.—was also studied. 


Recorp oF WorK DoNE 


The work done in handling a tube-room transaction was le 
corded by means of a process chart, a portion of which is shown 10 
Fig. 2. The entire process was recorded from the point at which 
the sales clerk writes the sales check and receives the money 
from the customer, and the transaction is followed through the 
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work done by the merchandise checker and sales clerk until the 
change and package are handed to the customer.‘ The com- 
plete process was thus charted in order to avoid the danger of 
later making changes in the cashier’s work which would interfere 
with the work preceding or following the cashier's operations. 

The operations most directly relating to change making, that 
is, the operations of the cashiers, were studied more closely by 
means of the micromotion film. 

Motion pictures were taken of five cashiers. In order to de- 
termine Which cashiers were to be filmed, the motions of all 
cashiers were observed and the psychological factors influencing 
their work were considered, as well as their production over a 
period of six months. All of these factors were considered in 
deciding upon the cashiers to study, and therefore the cashiers 
studied were not necessarily those with the highest production 
or the speediest motions, unless at the same time their motions 
were obviously good or particularly interesting.® 
- The films were carefully analyzed both as to the motions used 


hy the individual cashiers and also as to the relation of the work- 
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place layout and the tools to the motions and variables of the 
cashiers. The cycles or complete transactions which showed 
differences in method, the use of fewer or more therbligs, the 
variables in the work, ete., were analyzed on simo charts. 
Twenty or more simo charts were made, one of which is shown 
in Fig. 3. Since different colors indicate the different therbligs, 
the different charts show clearly the variations in the therbligs 
used and also in the length of time spent on each therblig. 


‘(The process chart prepared by the authors and presented by 
them at the time the paper was read contained the complete data 
ot the entire process. It is too large to be reproduced satisfactorily. 
Fig. 2 contains only that part of the chart which applies to the 
cashier's activities and only enough of these are shown to give an idea 
ofhow the chart is made and what it contains. —Epiror. } 

* (On the occasion of the presentation of this paper, the authors 
showed the motion pictures of the ‘‘present’’ and the “improved” 
methods. Some sections of these films are included on the process 
chart of Fig. 2 and show the clock from which the time elements were 
taken when the simo charts (Fig. 3) were made.—EprTor. } 
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OTHER Data RELATING TO WorK 


Other data relating to the cashiering work included information 
on the flow of business in the tube rooms. Figs. 4, 5, and 6 
show the peaks in the tube-room business. Statistical data on 
the cost of operations of the tube rooms were also studied. 
Time studies were made of the cashiers to find the average time 
required per transaction, and, from the customer's point of 
view, studies were made on the selling floor of the time required 
to get change. These data were collected in order to have all 
data bearing upon the situation which were essential for complete 


analysis, as well as records of the “‘present’’ situation, so that 
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comparisons could be made after changes had been determined 
upon and installed. 


PHYSICAL AND PSYCHOLOGICAL ANALYSIS 


Each cashier was given a physical examination and various 
psychological intelligence and performance tests. A psychiatric 
analysis was also made, including personality traits, home con- 
ditions, schooling and training, age, etc., to discover the factors 
tending to affect the success of the cashier in this kind of work. 


ANALYSIS OF PRESENT PRACTICE AND IMPROVEMENTS 


All data on present conditions, methods, and workers were 
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then analyzed with the cooperation of the supervisors of the tube 
rooms and the cashiers themselves, all of whom considered 
the findings and the suggested change. Possible changes in the 
tube-room methods were considered in relation to the effect on 
the elements of the operation preceding and following. 

For example, an analysis of the simo charts showed that 
from 27 to 34 per cent of the total time required to handle a 
transaction was required to write on and stamp the sales check. 
The cashier, as already explained, checked the extensions and 
additions of the sales check. After doing this she had to write 
the total amount of the sale on both copies of the sales check, 
the theory being that from a psychological point of view the 
cashier was forced to observe the amount of the sale carefully, 
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and also that, in cases of dispute with the selling floor or the audit 
as to the amount of change given, the cashier's notation on the 
sales check would prove her interpretation of the sales check. 
The question then arose: Even so, was this writing necessary? 
And if so, was it necessary to write the amount on both copies 
of the sales check? After investigation, it was decided to retain 
the writing on one copy of the sales check only, but to eliminate 
it from the other copy. 

Analyzing the methods of writing, it was found that one cashier 
held her pencil throughout the transaction, whereas all the others 
dropped theirs after the writing in one cycle and picked it up 
again when ready to write in the next cycle. The simo charts 
showed that the cashier who held her pencil used fewer therbligs 
at this point, and also that these therbligs which were eliminated 


helped her to perform this part of the transaction much mor, 
quickly than the other cashiers could. In fact, in some cases 
the pencil dropped back into the bill tills and then a ‘search’ 
therblig was necessary in addition to a longer “transport empty 
and “transport loaded,” and to the “grasp” therblig. Experi. 
menting with one cashier who had otherwise worked out ex- 
cellent motions for herself, it was proved that after she had 
broken her habit of dropping the pencil and had established th, 
new habit, her time for the operation was reduced, and that 
holding the pencil through the rest of the eyele did not prove g 
hindrance. 

Two particularly bad features were obvious in the layout of th 
desk. First, the box in which the cashier put the copy of th 
sales check which she retained was at the upper left-hand corner 
of the desk. The cashier stamped both copies of the sales 
check with the stamp, located on the lower right-hand corner oj 
the desk, and then carried her copy of the sales check to the box 
diagonally across the desk, the longest distance. It was de- 
sirable to keep the stamp on the right-hand side for ease in stamp- 
ing with the right hand, but the sales-check box was relocat 
directly under the stamp so that one copy of the sales check is 
dropped into the box as it is withdrawn from the stamp. — Elim 
nating this long “transport loaded” and “transport empty 
in the cycle reduced fatigue. 

Another improvement in the desk was the relocation of th 
dispatch tube which had been behind the desk at the side nex 
to the belt, so that the cashier had to turn partly around t 
reach it easily. Also, the mouth of the tube was very little 
larger than the carrier so that the carrier had to be positioned 
very carefully when dispatching it. The dispatch tube was 
relocated in the center of the desk but toward the side toward th: 
belt, and a bell hopper was placed at the opening so that thi 
cashier could throw the carrier in with practically no positioning 
Fig. 7 shows the layout of the old and new desks. 

The new desks were made 36 in. high with a comfortabl 
foot rest at the bottom, and a work chair with a double saddk 
seat and adequate back support both for working and for resting 
was provided. With this equipment, the cashier easily alternates 
standing and sitting to reduce fatigue and the work place is 
equally convenient for both. 

A locking device was also adopted so that the cashier 1 
longer has to pack up her money and take it to the office every 
time she leaves her desk. This device has reduced the “get 
ready” time. 

Improvements were also made in the surrounding conditions 
The desk lights were removed, and greater general illuminator 
was obtained by installing larger fixtures of the proper type ! 
regular intervals, thus providing an even distribution of light wit! 
a minimum of shadows. An average uniform illumination o! 
18 foot-candles was provided. Noise was lessened by covering 
the drums and air tubes with felt padding and the walls with 
acousticon. Ventilation in one tube room was improved by 
installing screens, and the vibrations in the tube room <ireetly 
over the engine room were reduced materially by supporting the 
lines from the floor of the engine room instead of from the ceiling 
under the tube room. 

Rest pauses were also considered, and definite rest periods i! 
the morning and afternoon were encouraged during busy periods 
Separate rest rooms were established next to each tube root, 
so that cashiers could relax completely without traveling a long 
distance to and from the regular employees’ rest room. 
| Other improvements were possible, but were not installed 
because of certain limiting factors. 


SetrrinGc TASK AND INCENTIVES 


Ordinarily, the next step in such a study as this would be 
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set the task. This is determined by the times obtained from the 
micromotion study, augmented by  continuous-production 
studies made over a whole day, or representative parts of the day, 
to get complete information on rest pauses and delays. The 
task would then be set on the basis of these times and the flow 
of work, and an incentive plan would be developed. 

In this case, however, a standard of production and a bonus 
plan had been in operation for years. Since rate cutting is not 
consistent with the company’s policy, it was decided not to change 
the task and the incentive plan, even though changed methods 
would make greater production possible with the same amount 
of effort. 


SBPLECTION AND TRAINING OF WORKERS 


The establishment of the best method of doing cashiering made 
it possible for the psychological and psychiatric department to 
develop a definite technique for employing new persons who 
would make successful cashiers. Using the definite and complete 
analysis of the job with the degree of success of the individual 
cashiers as criteria, the conference office of the employment de- 
partment has been able to work up standards for age and school- 
ing, and for physical, psychological, and psychiatric qualities. 

Job specifications have been worked up for interviewers 
which give a brief but graphic description of the job and its 
functions, and which also include the personnel qualifications 
worked up by the conference office. For the applicant, there 
have been prepared descriptions of the job from the employee's 
point of view, the nature of the job, its relation to the rest of the 
store, the working conditions, the task-and-bonus plan, and the 
promotional opportunities. 

The department of training has also found it much more 
satisfactory to use definite motions in training cashiers. The 
equipment of the tube room has been duplicated in the class- 
room—the same desks, chairs, etc., although the belt used here 
does not move. Real money has been substituted for theatrical 
money previously used in order to give definite training in 
handling coins and in mental arithmetic. From the first, the 
motions of the simo chart are used by the cashiers as the instruc- 
tion ecard. Thus correct habits of motion are formed from the 
beginning 
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Resvutts or Stupy 


This study of cashiering has benefited the customers, the 
store, and the employees. 

The result from the customer’s point of view is that the service 
has been improved 26 per cent on the average. The present 
time required by the cashier is 17 per cent lower than the previous 
time of the best cashier, and 40 per cent lower than the poorest 
of a selected group of good cashiers. 

From the point of view of the store, the study has resulted in a 
reduction in operating expense. Previous to the time of the 
study the average production of the cashiers was falling off, 
but sincethe better methods were determined the average produc- 
tion has increased. The table below compares average produc- 
tion in 1924, before these changes were made, with that in 1926. 


1924 1926 Per cent increase 
Full-time cashiers........ .543 682 25.6 
Part-time cashiers. ........362 434 19.9 


The individual production of a cashier has increased. On the 
busiest day in 1924, the Saturday before Christmas, before the 
study, the best cashier had handled 2220 transactions. In 
1925 the number had increased to 2738. 

Another important fact which has made the tube-room opera- 
tion less expensive since the study is that a shorter time is now 
required for the new cashiers to get up to standard production 
due to the improved selection and training methods. 

To the cashier herself the new method has proved advan- 
tageous also. For example, higher bonuses have been earned: 
during the first December after the bonus was introduced, the 
total bonus earnings increased 88 per cent, over the December of 
the year before, and 44 per cent more cashiers earned a bonus, 
although the number of cashiers had not increased. The 
cashiers are now better adapted to their jobs. Moreover 
they are interested in the amount of skill they can develop and 
consequently find their jobs much more satisfying. And most 
important, much fatigue has been eliminated, so that the cashier 
is able to do more work without additional fatigue. This 
elimination of fatigue has resulted, as described above, from 
eliminating waste motions and by doing the necessary motions 
in the best way, and also by improving the surroundings and 
posture of the cashier. 


An Application of Motion Study to Group 


Work in Industry 


By JOS. A. PIACITELLI,! 


Hk SUBJECT of motion study has been so thoroughly 
covered in the paper? by Miss Lies and Miss Sealy that it 
is hardly necessary to discuss further its principles. How- 
ever, some of the points may be emphasized and there may be 
added a discussion of the analysis of work in general, mentioning 
briefly some of the major differences in the various techniques 
and pointing out some of the limitations under which the analyst 
must work when making a study of an operation. 
The methods of study commonly known today may be grouped 
into two classes. Time study and operation study will fall 
Assoc-Mem. A.S.M.E. 
*See paper no. MAN-50-17. 
Contributed by the Management Division and presented at a meet- 
ing, New York, N. Y., Janu: ary 30, 1928, of the Metropolitan Section 
of Tae American SocreTy OF MECHANICAL ENGINEERS. 
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into one, and micromotion study and time and motion study 
into the other of these classes. For convenience these two 
classes will be referred to hereafter as time study and motion 
study. The chief differences in them are in the manner in which 
the observations are made. When employing the time-study 
technique the analyst must make all observations relative to 
methods and general layout of equipment and tools with the 
nakedeye. Using this technique, time records are made by stand- 
ardizing the method and then breaking it up into subdivisions 
suitable for stop-watch observation, and finally the time for each 
subdivision is observed and recorded. With the motion-study 
technique a simultaneous record of the method and time as well 
as the layout of equipment, machinery, and tools is made with a 
motion-picture film and a Gilbreth clock. Advance standardiza- 
tion of method is not necessary in this case, for standardization 
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follows the establishment of the best method, which itself is the 
result of investigation. In the time-study technique the time 
element is considered the most important factor toward the 
solution, while with motion study the major contribution to the 
solution is expected from the analysis of the method. However, 
it must be remembered that, regardless of the technique em- 
ployed, both the time and the method must be considered to ob- 
tain satisfactory results. 

The characteristics of the work to be analyzed play an im- 
portant part when determining the technique to be employed. 
There are jobs in which the percentage of handling time to the 
total cycle time is very small, and it is then most important to 
study closely the performance of the machinery employed. In 
operations consisting largely of handling work, and especially 
those highly repetitive, the motions made by the worker must 
be analyzed in order to establish the best method before any 
attempt at standardization is made. 

The analyst using the stop watch must often work under limi- 
tations which make it impossible for him to get detailed and 
accurate data. A time study can be made with a stop watch 
only as long as the elements into which the job is divided are per- 
formed in sufficient time to permit the reading and recording of 
time data. But when short-cycle operations are studied and the 
elements on which time data are desired are performed in a few 
seconds, the task of making a usable record becomes rather diffi- 
cult. Because of the error involved in the stop-watch readings it 
is usually difficult to time sub-operations lasting less than two 
seconds, and even more difficult to observe accurately and simul- 
taneously the method employed during any one period timed. 
The motion-picture and Gilbreth-clock method not only makes 
the simultaneous observation practical, but reduces that part of 
the analyst’s work to a comparatively simple procedure. 

For example, for the purpose of studying a winding operation 
and establishing a more economical method of winding and 
handling rolls of felt, a motion-picture film was made. The 
crew consisted of a winder, a cutter, a helper, and a scale man, 
and it was possible to get data pertaining to methods and time 
of the four men in two scenes. A roll of saturated felt 74 in. 
wide was wound on the machine equipped with one winding 
mandrel and was cut off from the continuous sheet by the cutter. 
It was then transported with the mandrel still in its core to a 
tying table about six feet away by the winder, cutter, and helper. 
The mandrel was taken out of the roll by these men and trans- 
ported back to its bearings on the machine. The winding of 
another roll was started by the three men, who simultaneously 
grasped the saturated felt sheet, passed it around the mandrel, 
and tucked its end between the sheet and the side of the mandrel. 
The expansion of the mandrel was performed by the winder and 
accomplished by turning an expanding nut on the end of the man- 
drel with a spanner wrench. As soon as this was done the machine 
was ready to wind the next roll. Starting and stopping of the 
machine were effected by the operation of a rheostat controlled 
by the winder, who was required to move to the side of the ma- 
chine to do it. When the roll was wound to full length the wind- 
ing was stopped by collapsing the mandrel after the power had been 
shut off but while it was still in motion. The roll was then 
cut off and removed from the machine and the cycle re- 
peated. 

When placed on the tying table the roll was tied with two 
pieces of muslin tape, to prevent unwinding, by the scale man, 
whose other duties consisted of tipping the roll off the tying 
table on to a scale, weighing and marking the weight on it, 
and again tipping it on to a roller conveyor which loaded 
it inside of a box car stopped alongside the door. As a matter 
of production and shipping record this man was also required to 
make note of the weight of each roll. 


As a preliminary analysis, a process chart® was made of ‘he 
simultaneous activities of these men, showing as accurately as it 
was possible to observe with the naked eye, what they did and 
how they did it. To those who were familiar with the operation 
many suggestions for improvement were obvious, but without 
time data of the elements of motion involved in the various sub- 
operations, it was not easy to rearrange the work to the best 
productive advantage nor to attempt to set a standard of per- 
formance in accordance with the possible new methods. 

The film was taken and the time and method data for a selected 
cycle were put in form of visual records called “‘simo” charts 
These charts made it possible to visualize the duration and 
sequence of each element of motion (therblig) in the complete 
cycle as performed by each hand of the operators, as well as any 
other useful activity of the body. The men interested, sucli as 
foremen, superintendents, and other engineers, were given the 
opportunity to analyze the work as represented on the charts 
and many useful suggestions toward lessening the fatigue and 
reducing cycle time were made by them. 

Time does not permit the enumeration of all of the various 
changes made, but some of them should be noted. The redue- 
tion of the distance through which the roll and mandrel, weighing 
approximately 200 lb., had to be transported after they wer 
taken off the machine, and the changing of the relative heights 
of the machine and tying and weighing table are a few o! the 
changes which made the services of the helper unnecessary. [1 the 
old method three men were required to walk several steps wit |i the 
load, while at present the roll and mandrel are moved the re«uired 
distance by two men with a swing of the body and with less e ‘fort 

The comparatively long period of unavoidable delay during the 
winding process in the operating cycle of the three men was re- 
duced by rearranging their work so that with the use o! two 
mandrels they could remove the mandrel from the las! roll 
wound, transport it to the machine, and partially expand it while 
the winding of the next roll was in process. The rearrang: ment 
of the cycle of this new sequence was greatly facilitated |v the 
availability of the method and time data on the simo charts 
The new method was finally established and shown on « new- 
method simo chart, consisting of a synthesis of the past per!orm- 
ances recorded, together with data from other sources, such as 
that estimated for motions for which time data were not available, 
or that taken of similar elements modified to suit new conditions 

The work of the scale man has been very much simplified and 
fatigue greatly reduced by arranging the delivery of rolls directly 
on to a roller conveyor mounted on the scale, thus ridding lim o! 
the heavy work. In fact the few operations now performed 
by him, such as adding one muslin tape around the roll instead 
of two, marking the weight on the roll and recording it on at 
adding machine instead of a production record, can be taken 
over by the winder and cutter without any appreciable increase 
of fatigue or loss of time. However, in view of the fact that! 
these two men will have little or no time to relax and over 
come the effects of fatigue caused by their work, it was col 
sidered desirable to relieve them of as much work as was po* 
sible and to offer an additional opportunity to rest by maintain 
ing the scale man and making provision for the rotation of {une 
tions among the three. A standard of performance was set 4! 
lowing them 50 per cent over the synthesized minimum time, fet 
delays and fatigue. 

In brief, the solution may be summarized as follows: The 
present crew of three men is producing 40 per cent more (han the 
former crew of four. The work is now less fatiguing and the 
earnings of the men have been increased on an average of 5 Pe 
cent, while the average reduction in labor cost is 42 per cent 
charts 


8 For a description and example of process charts and sin 
see paper no. MAN-50-17. 


J 
t 
n 
t 
i 
fi 
0! 
a 
A 
pl 
bi 
Wi 
ch 
kj 
tic 
al 
ta 
Va 
al 
as 
Te 


This paper reports a series of carefully conducted tests made on 
fe standard typewriters, manufactured by different companies 
and bought at retail stores, to determine the amount of work re- 
quired for their operation. 

To eliminate the human element and to make it possible to measure 
the work involved, the typewriters were operated pneumatically by a 
specially designed apparatus which also recorded on a photographic 
film a curve whose integrated area was proportional to the work. 
After mechanical operation had been adjusted so that it simulated 
satisfactorily manual operation, and after a careful calibration of 
the instruments and apparatus, tests were conducted on the operation 
of the following parts: the type keys, space bar, capital shift, line 
space, and carriage return. Tables of results show that a given 
typewriter may be superior to others, from the point of view of work 
required for operation, for one of these operations, and inferior to 
some other for another operation. 

In order to interpret these results in combination, all of these 
five operations being necessary in varying degree in ordinary opera- 
tion, 25 typical business letters were analyzed to determine the 
average number of times each operation was performed. It was 
then possible to determine the total work to type the average letter on 
each of the typewriters, and a table of these results is given. 

In a summary of the results, it is pointed out that certain ele- 
ments which are independent of the actual work of operating the 
typewriter but which seriously affect fatigue are not covered by the 
investigation. Recommendations are made as to adjustment and 
servicing of typewriters. 


HE purpose of this investigation was the careful measure- 
ment of the amount of work required to operate various 
makes of typewriters. More specifically it was desired to 

find the work expended in the normal operation of the type keys, 
space bar, capital shift, line space, and carriage return for several 
machines of each make; to find the average number of times each 
of these operations occurred in a representative business letter; 
and from these figures to compute the amount of work required 
to type the average letter on each make of machine. 


SELECTION OF THE TYPEWRITERS 


The typewriters used in this investigation were of five standard 
American makes. They were purchased with cash and without 
previous notice from their respective agencies in several different 
cities, and were carefully transported by automobile to Cam- 
bridge. The agents had no way of knowing that these machines 
were being purchased for the purpose of tests. 

All of the machines were stated by the venders to be new ma- 
chines, properly adjusted. No adjustments or alterations of any 
kind were made on the machines after purchase. The substitu- 
tion of the special uniform platens for the regular platens was only 
made after all other measurements on type keys, space bar, capi- 
tal shift, line space, and carriage return had been made. One 
make of machine regularly has supplied interchangeable platens of 
Varying hardness. In this case the platen was selected which had 
‘hardness nearest the mean of those supplied for the other makes. 
Throughout this report the makes of typewriters will be known 
as A, B, ©, D, and E. 


‘Rogers Laboratory of Physics, Massachusetts Institute of 
Technology. 
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The Work Required to Operate Several 
Makes of Typewriters 


By F. H. NORTON,' CAMBRIDGE, MASS. 


Work Requirep By Type Keys 


The precise determination of the work expended in operating a 
key is a rather difficult problem because the motion is rapid and 
the light moving parts must have no appreciable mass added to 
them. There seemed to be no possibility of constructing a 
sufficiently light recording pressure dynamometer for attachment 
to the key. The only possible method appeared to be rather 
complicated but fundamentally sound. This consisted of mea- 
suring the motion of the key when a typist operated it in the usual 
manner; and then constructing a mechanism which would re- 
produce this motion and at the same time record the pressure 
exerted throughout the stroke. As the movement of the key is 
the same in both cases, the work performed by the typist in press- 
ing the key must be equivalent to the mean effective pressure 


STEEL TUBE-— 


Fic. 1 ApparRaTus FoR OPERATING Tyre Keys 


measured during the similar mechanical stroke, multiplied by the 
length of the stroke. 


DESCRIPTION OF THE APPARATUS 


The apparatus constructed for operating the key is shown in 
Fig. 1. The piston A sliding in the cylinder B operates through 
a piston rod, the felt covered disk C which depresses the type- 
writer key. This disk can be initially held at any fixed height 
above the key by the stop D which is so delicately adjusted as 
to offer practically no resistance to the piston movement. The 
piston was carefully lapped into the cylinder and an oil seal was 
provided by several narrow grooves cut around the piston. All 
the moving parts were kept very light so that their mass would be 
a small fraction of the mass of the key and its attached mecha- 
nism. 

The piston is operated by admitting compressed air into the 
reservoir E above the cylinder. In order that air should be 
introduced into the reservoir suddenly and in exactly the same 
way under like conditions, the spring-operated valve F is used. 
This stopcock is held shut with a trigger and opened suddenly 
by a strong spring. In addition there is a graduated throttle 
valve G to vary the rate at which air is introduced. 
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Connected directly to the reservoir by a short and relatively 
large passage (to eliminate any distortion of the pressure wave) 
is the high-frequency manometer H. This instrument is similar 
to the manometers used for pressure-distribution work on air- 
planes and airships. It has a natural frequency of about 300 
vibrations per second, a constant calibration, a small temperature 
coefficient, and is not affected by vibration. The manometer 
consists of the diaphragm / with the stylus J attached to the 
center. The hardened tip of the stylus rests against the back of 
the stainless-steel mirror K which is mounted on pivots and held 
against the stylus by a watch hairspring. Therefore a slight 
movement of the diaphragm gives a considerable rotation to 
the mirror. Adjustments are provided for readily changing the 
zero setting or the sensitivity. 

Light from the lamp bulb L passes through the lens M on to 
the mirror K and is reflected back through the same lens and 


Fic. 2 Pressure Curves 


focused on the film N. A slit O gives a point image on the film. 
The film, which is wound on a drum, is moved at a constant 
angular velocity by the motor P through suitable reduction gear- 
ing. 

This instrument makes records of the size shown in Fig. 2. 
The range of pressure as adjusted for this work is about 50 cm. of 
mercury. The recorded trace is so sharp that the record can be 


KEr 


| 
Fie. 3 APPARATUS FOR MEASURING Key DEFLECTION 


enlarged and read with much greater precision than is required 
here. 
The movement of the key is recorded by a mechanism also 
shown in Fig. 1. The lever Q rests underneath the key and is 
pivoted at the back end. The link R connects it to a second 
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lever S pivoted at T. On this pivot and behind a lens is a small 
mirror which reflects light from the lamp L on to the film. This 
allows the simultaneous recording of pressure and deflection. 

When it is desired to record the key motion under manual 
operation, the set-up in Fig. 3 is used. The instrument pre- 
viously described is placed upon a solid support under and at one 
side of the typewriter. A light strut A connects the lever B with 
the key through the fitting C. A record can be taken of the mo- 
tion of any key, and the operator need not know which key is 
connected. 

The air pressure supplied to the instrument is obtained from a 
tank of about 6 cu. ft. capacity which may be pumped up with a 


Fie. 4 ASSEMBLY FOR OBTAINING OPERATOR'S CURVE 


Fie. 5 ASSEMBLY FOR DuPLICATION OF OPERATOR'S CURVE 


tirepump. The tank pressure is measured by a mercury manor 
eter in the usual way. The system was tight enough to holds 
substantially constant pressure for several days. 


CALIBRATION OF APPARATUS 


The recording manometer on the instrument was calibrated b! 
connecting it directly to the tank and taking a number of recor 
with several known and constant tank pressures. The film ree 
ords were measured and the distance of each recorded press” 
line above the zero was plotted against the tank pressures. 

It should be mentioned here that all of the films were measure 
by placing them in a projection lantern and tracing them off te’ 
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MANAGEMENT 


large but constant scale on a sheet of paper. This method was 
rapid and saved eye strain, which was important when it is con- 
sidered that more than 2000 records were taken in developing the 
apparatus. 

The record of the key deflection was standardized by depressing 
the key with a micrometer screw and taking records at frequent 
intervals. The resultant curve of key deflection plotted against 
the motion of the spot of light across the film was a straight line. 
This gives a constant factor by which to multiply the distance 
on the film in order to get the key travel. This factor was 1.24 
for the short lever of Fig. 1, and 1.20 for the long lever of Fig. 3. 

Figs. 4, 5, and 6 show general views of the apparatus and give 
a good idea of the construction and method of operation. 


lic. 6 AssemMBLy FoR OBTAINING IMPRESSION TESTS 


Key Morion Wirn Manvat OPERATION 


A large number of records were made to show the key motion. 
These records brought out the following facts: 

(a2) A given operator does not exactly duplicate the record on 
successive trials. 

(b) There is no great difference between records made by the 
several typists. 

A number of operator's type-key-displacement records are 
shown in Fig. 7 to illustrate the points. From many data of 
this kind it was thought permissible to use the same skilled typist 
on all makes of machines, as this procedure in the end would give 
more strictly comparable results. 


Key Morton Wirn MEcHANICAL OPERATION 


The next problem was to so adjust the pressure cylinder as to 
produce the preceding key motions. The following adjust- 
ments could be made: 


(a) Air pressure 

(6) Throttle-valve position 

(c) Initial height of the pad above the key 
Softness of the pad 
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(e) Lower limit of piston travel 
(f) Mass of the moving parts. 


It is believed unnecessary to go into the details of the adjust- 
ments made. After some experimenting practically any hand 
operator’s curve could be reproduced. An example is shown in 
Fig. 8. It was shown later that a considerable change in the 


Fia. 7d 


Two OPERATORS ON THE SAME MACHINE AND 
Same Key 


Fies. 7a AND 7) 


Figs. 7c AND 7d SinGLE Operator ON Harp anp Easy ACTION 


shape of the curve for a given tank pressure will have little” effect 
on the type impression on the paper. 

Now that it is certain that the manual motion of the key can 
be reproduced mechanically, the pressure curves taken simul- 
taneously with the displacement curves are of chief importance. 

In Fig. 9 are shown simultaneous pressure and displacement 
curves redrawn from the original of a typical record, to give a 


larger scale. It will be noted that the pressure rises very rap- 
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idly—in 0.0005 sec.—and, except for a slight surging on reaching 
the maximum, remains constant for the remainder of the stroke. 

The work accomplished during the stroke is evidently equal to 
the mean effective pressure during the stroke multiplied by the 
length of the stroke and the piston area. This is the same condi- 
tion occurring in engines and needs no further explanation. We 
have only to define the stroke and mean effective pressure. 

Referring to Fig. 9, the stroke is given as the distance L, and 
the time by ¢, and the mean effective pressure by the shaded area 
divided by ¢t. As the pressure on the piston is equal to the tank 
pressure for much of the stroke, it might be expected, that there 
would be a constant relation between the tank pressure and the 
mean effective pressure. Could this relation be established, a 
great deal of time would be saved as a pressure record would not 
have to be taken and measured for each stroke. 


Mechanical 


Manual 


Fic. 8 REpROpDUCTION OF OPERATOR'S CURVES 


(The difference in height of curves is due to difference in length of magni- 
fication arm of the instrument. The oscillation shown in all curves is due 
to the elasticity of the key levers.) 


A number of records were made on the easiest- and hardest- 
working machines at different pressures with the instrument as- 
sembled for operating keys, space bar, capital shift, line space, and 
carriage return. The mean effective pressure for each case was 
computed from the planimetered area under the pressure curve. 
The mean effective pressure thus found is plotted against the 
corresponding tank pressure in Fig. 10. As expected, the points 
fall closely on a straight line up to a pressure of 35 centimeters 
of mercury. Above this the points depart sharply from the line 
which is undoubtedly caused by the forcing of the oil out of the 
piston grooves at this pressure. This is confirmed by the com- 
mencement of hissing when the pressure reaches this value. The 
use of a heavier oil would raise this critical pressure, but as it 
is above the range used in these tests no change was deemed nec- 
essary. 

The slope of the curve in Fig. 10 gives the factor by which to 
multiply the tank pressure in order to obtain the mean effective 
pressure. The work is given by 


W = APKdgL 
where 
W = work in ergs 
A = piston area, here = 1.292 sq. cm. 
P = tank pressure in em. of mercury 
K = constant to convert tank pressure to mean effective 
pressure = 0.97 
d = density of mercury = 13.6 grams per cc. 
g = acceleration of gravity = 980 cm. per sec. 
L = length of the stroke in cm. 


CoMPARISON OF THE IMPRESSIONS 


Now that it is possible to obtain the work for a given key stroke, 
it is necessary to be able to duplicate the effectiveness of the 
stroke on all machines. This was done by using in all tests pieces 
of ribbon from a lightly inked ribbon 144 yards long obtained from 
a well-known manufacturer. Sheets of paper were used from 
the same package. Then by making typewritten records on 
each machine at a number of tank pressures, the pressure giving 
the nearest approach to a standard could be selected. In all such 
impression tests two carbon copies were made. 

The selection of the tank pressures giving equal impressions is 
the least precise part of this investigation. By carefully exam- 
ining the impressions of a number of letters in the standard and on 
the test sheet with a magnifying glass, two independent observers 
are almost always able to check each other within a pressure of 
one centimeter of mercury. It does not seem possible to obtain 
a greater precision than this because of irregularities in type, 
paper, and ribbon, and because of the uncertainty of matching im- 
pressions by the eye. However, this gives a precision of from 3 
to 5 per cent for a single machine. 

It was believed that the hardness of the platens might vary bhe- 
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Fic. 9 ENLARGED PressurRE-DISPLACEMENT REcORD 


tween the different makes of machines and partially account ft 
the differences in work required to make a standard impressio® 
A hard platen would undoubtedly require less work to produce § 
given impression than a soft platen. After all other tests hse 
been completed on the machines, special uniform rolls, made UP 
by turning about 2 mm. from the diameter of the regular plate® 
and forcing on a brass tube of the original diameter, were sub- 
stituted for the regular platens. The pressure was determine 
that would give a standard impression. In all cases the pressu"™ 
were lower, but the comparison was made difficult because of 1 
irregularity of the impressions made on the special uniform plate® 
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OF MAKING Tests ON Type Keys 


Each typewriter was tested by placing the air cylinder directly 
over the key and raising the piston to the proper height. Two 
carbons and three sheets of paper were placed in the machine. 
The tank was pumped up to the desired pressure, the trigger re- 
leased, and the impression made. This procedure was repeated 
for all the letters across the second row from the bottom, at the 
same tank pressure. The tank pressure was then raised 1 cm. 
and another row of impressions made. These impressions were 
then compared with the standard in the manner previously de- 
scribed. 

Resutts on Tyre Keys 


The results obtained for the type keys of the twenty-five 
machines tested are listed in Table 1. 

On examining these results it will be noticed that there is a 
considerable variation in work between different makes of type- 
writers and a smaller variation between machines of the same 
make. While it is not within the scope of this report to analyze 
the motion of the typewriter mechanism, it is believed that most 
of this variation is due to the resistance offered by the carriage 
escapement. In fact, a small adjustment of the escapement 
spring will greatly alter the work required to operate the key. 

In general the special uniform platen required about 0.7 of the 
work needed to give the same impression on the standard rubber 
platen 

The order of merit of the various machines in regard to type- 
key work is E, A, C, D, and B. 
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Fie. 10 Renation Berween Mean Errective PRESSURE AND 
TANK PRESSURE 


It was also noticed that there is some variation in length of 
stroke. It should be kept in mind that the relative work required 
‘o operate the keys may not be a measure of the fatigue suffered 
bya typist. That is, of two machines requiring the same work, 
the one with a long, easy stroke might be less fatiguing than the 
one with a short stroke. 


Work BY Space Bar 


The method of obtaining the work necessary to operate the 
‘pace bar was somewhat different from that used for the type 
keys because no impressions are made. The method finally used 
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consisted in obtaining typical displacement curves for the space 
key on each make of typewriter when operated by a skilled typist. 
Displacement curves were then taken when the key was operated 
pneumatically, at several tank pressures. A curve was then 
plotted of tank pressure against the time taken for the stroke as 
measured from the enlarged curve in the way previously de- 
scribed. The pressure on this curve corresponding to the time 
taken for the stroke by the typist was the desired value. Curves 
of this kind are shown in Fig. 11. 
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Fic. 11 Space-Bar Time Curves 
The apparatus was the same as used for the type keys, but the 
operating pressure was considerably less. 
Space-Bar Morton 


In Figs. 124 and 126 are shown several pressure-displacement 
curves for the space bar. They differ from the type-key records 
in having a shorter stroke and a definite stop. The average time 
required for the stroke was 0.0223 sec. 


TABLE 1 WORK PER STROKE! 


Type keys 
Special 
Rubber uniform Space Capital Line Carriage 

Make platen platen bar shift space return 
55 40 37 147 410 1100 
43 31 47 162 550 1590 
A 45 38 52 124 620 1310 
45 35 51 141 600 1340 
5 38 34 131 590 1370 
Average 47.6 36.4 44.2 141.0 554 1280 
60 26 212 400 1430 
69 54 21 131 310 1530 
B 57 42 26 137 330 1320 
76 45 21 122 370 1600 
76 54 24 164 440 1210 
Average 76.0 51.0 23.6 153.0 370 1420 

76 48 23 104 460 
57 42 23 95 300 1430 
Cc 57 48 30 78 480 1660 
54 40 42 106 550 1230 
57 45 30 106 550 1400 
Average 60.2 44.6 29.4 98.0 468 1340 
76 54 37 147 270 1320 
59 42 26 107 190 1370 
D 62 39 39 95 290 1580 
66 45 28 95 390 1540 
57 45 37 89 280 1620 
Average 63.2 44.0 32.4 107.0 286 1490 
40 36 13 4 360 1020 
45 36 21 v4 300 1100 
E 40 2 22 106 520 1270 
48 39 25 106 540 1090 
38 31 23 135 480 1260 
Average 42.2 34.8 20.8 107 440 1150 


1 The work is expressed in ergs divided by 10,000, 
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As the same piston was used for the space bar and type keys, 
the same factor for converting the tank pressure to mean effective 
pressure was required. The work, as before, is calculated from 
the same equation as the type-key work. 


RESULTS ON THE Space Bar 


The results for the machines tested are given in Table 1. 

The values of the work required by the space bars are about 
one-half of those for the type keys, due to the shorter stroke and 
lower resistance. It appears that there is little relation be- 


Fic. 13 Suirt-Key RECORDS 


tween the type-key and the space-bar work. For example, the 
machine which has the next to the lowest value for the type-key 
work had distinctly the greatest value for the space-bar work. 

The makes of machines may be rated in order of merit in re- 
gard to the work required by the space bar as follows: E, B, 
‘C, D, and A. 


Work Requirep To Operate Capirat SHIFT 


The force required to operate the capital shift was so much 
greater than that for the other keys that a pressure of 50 to 60 


em. of mercury was needed. A pressure of this magnitude blows 
the oil from the piston rings and causes a bad leak. For this 
reason a new cylinder and piston were constructed of twice the 
diameter of the previous one, but in all other respects the same, 

The method of obtaining the work was identical with that 
used for the space bar. In Fig. 13 are shown a number of pres- 
sure-displacement records for the shift key. The time of stroke 
is comparatively long, averaging 0.067 sec. The lengthened 
time is due to the large mass that must be moved. 

The work required to operate the shift key on the machine js 
givenin Table 1. The work is computed from the same equation 
as for the space bar, in this case the area A being 5.08 sq. em. 


‘instead of 1.292 sq.cm. The constant K is 0.97 as before, mea- 


Fig. 15 Apparatus For MovinG Line Space 


surements having been made of planimetered pressure curves to 
determine this value. 

The work required to operate the shift key is about three times 
as great as for the type key. There is about the same variation 
between machines as for the type keys. The order of merit is: 
C, E, and D the same, A, B. 


Work ReQuireD TO OpeRATE LINE SPACE 


The method of obtaining the work required to operate the roll 
was the same as used for the capital shift; the operator's time 
was reproduced mechanically and the work computed from the 
pressure and the stroke. The work was obtained for moving the 
roll a single space as this is used probably as much as a ouble 
space in letters, and serves as a simple comparison betwee? 
machines. 


| 
: Fic. 12a Operator's Recorps oF Space Bar 
Fig. 14 APPARATUS FOR OPERATION OF ROLL AND 
Fic. 126 Pressure-Oreratep Recorps or Space Bar 34 A =, 
‘ 
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The apparatus used for this test is shown in Figs. 14 and 15. 
The same air chamber, valves, and recording manometer are used 
as before, but a new cylinder A is provided in a horizontal posi- 
tion. The piston B forces the rod and finger C against the line- 
space handle. A heavy base D is provided with leveling screws E 
for vertical adjustment. 

The motion of the line-space handle is recorded by attaching 
a piece of silk cord to it and running it around the large pulley FP. 
This pulley is very light and is mounted on a small shaft. A 
fine cord wound on this shaft connects to the arm of the displace- 
ment mirror previously described. 

Records were first taken on each make of machine when the 
line space was operated by a typist. From these records the 
time taken to complete the operation was measured as 0.0363 


Work REQUIRED TO OPERATE CARRIAGE RETURN 


The apparatus and method for determining the work to operate 
the carriage return were the same as for the line space. The stops 
were set to allow a motion of 66 spaces to represent a fairly long 
line. As the pressure was constant during the stroke it was as- 
sumed that the work required for shorter lines would be less in 
proportion to the length. 

The records of Fig. 17 show some curves of carriage motion, 
and bring out clearly the relatively low velocity attained. The 
average operator’s time for the carriage return of 66 spaces was 
0.332 sec. 

The data obtained and the computed values are summarized 
in Table 1. The calculations are based upon a 33-space return 
in accordance with values to be summarized in a later table. 


Fic. 16 Line-Space DerLection aT VARIOUS PRESSURES 
(Upper curves, pressure; lower curves, displacement.) 


Fie. 17 Carrrace-Suirr Curves 


sec. The roll was then shifted mechanically at several pressures 
and a curve plotted as previously described for the space bar. 
In this way the pressure needed to reproduce the motion of the 
typist was obtained. A number of deflection curves are shown 
in Fig. 16, the motion being taken in the center of the hook on 
the line-space lever. The length of stroke was measured as the 
length of piston travel while the finger was in contact with the 
key. This was measured at the time of taking the records. 

Table 1 gives the results of tests on the roll. The work was 
‘computed as before, the piston area being 5.08 sq. cm. and the 
‘onstant K being again experimentally determined as 0.97. 

The work necessary to operate the roll one space is considerably 
freater than that required to operate the keys. The order of merit 
of the makes of machines is as follows: D, B, E, C, and A. 


The carriage requires a large amount of work for returning. 
However, a comparatively great uniformity of the values is shown, 
not only between machines of the same make but between 
different makes. This is probably due to the fact that the carriage 
spring tension can be accurately and permanently adjusted. 
The order of merit for carriage-return work is E, A, C, B, D. 


ANALYsIS OF Business LETTERS 


Twenty-five letters were selected at random from a set of cor- 
respondence files with only the following limitations: (a) no 
two from the same correspondent, and (b) pica type. 

These letters were analyzed by carefully counting the following 
characteristics of each letter, including the address on the en- 
velope: 
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TABLE 2 TOTAL WORK TO TYPE AVERAGE LETTER! 


The number of characters appearing, average 708 


(a) 


(6) The number of single spaces, counting no spaces longer T 
than two consecutive single spaces, average 119 Rubber uniform Space Shift Line riage Rubber uniform 
(c) The number of times the capital shift had been operated, Platen” platen bar space return platen platen 
39 28 4 6 16 26 91 80 
average 38 30 22 6 6 21 38 101 93 
nin and en ) > i , ; y 4 5 22 33 99 91 
g of the letter, counting all untyped lines ine me be ke 21.2 32.2 98 44 
(for the roll motion), average 38 72 42 3 8 15 34 132 102 
(e) The number of lines actually typed (for the carriage B = 
motion erage 25. 54 32 3 5 14 38 114 92 
It is not claimed that the averages obtained here would be dupli- aft 34 3 4 18 24 103 83 
cated by selecting a second lot of 25 letters, but it is believed that c ane 
the deviation would be so small that the additional labor involved = = : : = = sae ae 
in obtaining a more representative average would not be justified. Average 42.4 31.6 3.8 3.8 17.8 32.4 100 89 
At rte the same figures are used for all makes of machines 80 33 iso 
so that their comparison i , 44 2 ol 8 
ir comparison is not affected 4 15 37 105 
40 32 4 3 11 39 97 89 
Average 45.2 32.0 3.6 4.2 10.8 35.8 100 87 
28 25 2 4 14 24 72 69 
32 25 3 4 ll 26 76 69 
E 28 23 3 4 20 30 85 80 
34 28 3 4 21 26 88 82 
27 21 3 5 18 30 83 77 
Average 29.8 24.5 2.8 4.8 16.8 27.2 81 76 


_ | All figures in this table should be multiplied by 10,000,000 to give work 
in ergs. 
could be checked within this amount. The other components 
had a precision of from + 3 to 5 per cent. The total work for 
the average letter should have a probable error somewhat less 
than that for each component, or around + 3 per cent. 


CONCLUSIONS AND RECOMMENDATIONS 


These tests bring out strikingly the fact that a comparative 
test made on a single machine of each make would be entirely 
misleading. Undoubtedly an average of, say, ten machines 
would give a more representative set of values, but it would be 
rather unlikely that the relative order of the makes would be 
changed except possibly in the case of machines C and D. 

The marked variability of the work required for different ma- 
chines of the same make is rather surprising, and brings out clearly 
the lack of uniformity of adjustment. Again, some makes of 
machine will require the least amount of work for one of the 
operations, but no single make holds the advantage in all. If 
we select the least value for the work of each separate operation 


Fic. 18 Apparatus FoR Movine CarriaGe in Table 2 and add them, we obtain the figure 64, which is about 
0.6 of the average value found for all machines. This brings out 
ToraL Work Requirep To Write THE AVERAGE LeTreR the practicability of tly reducing the work required to write 


The sum of the amounts of work required for every operation a letter. 
on the typewriter multiplied by the number of times that the The tests indicate clearly that every typewriter of each make 
operation occurs in the average letter will give the total work should have a standardized factory adjustment. This adjust- 


used in writing the letter. These values are given in Table 2. ment should be carefully determined from a thorough study of 
the machine; and it should give the best compromise between 

PRECISION OF RESULTS ease of operation, speed, and durability. The typist should be 

We may consider the precision of the work measurements both given a machine adjusted for the most efficient operation, and this 
for the individual components and for the total. If we were adjustment should not be changed because of individual inclina- 
interested only in the total work required to write the average tions. This would have the distinct advantage of operating 


letter, no component need be determined any closer than the under conditions of maximum efficiency and would allow a change 
one of least precision. An examination of the work shows that from one machine to another without discomfort or extensive 
a majority of the total is made up of the type-key work and the — servicing. The local adjusters should be permitted only to 
carriage-return work. Therefore the remaining components check the factory adjustment, but not to alter it. In this way all 
need be determined with relatively less precision as their effect | machines would have the same operating characteristics —the 
on the total is small. best. This program could not perhaps be carried through 
However, as it was believed that considerable information abruptly, but should start in the schools and in a few years covet 
could be obtained by a direct comparison of the separate com- all machines used. 
ponents, they were all obtained with about the same percentage There is another aspect of this problem that should not be 
of accuracy. forgotten. This is the well-recognized physiological fact that 
The work of the type keys was obtained with a precision of work accomplished does not measure effort or fatigue, as 4 few 
+ 5 per cent; that is, different tests under the same conditions examples will show. As indicated in Table 2, the work expended 
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on the keys is about equal to the work expended in returning the 
carriage, for the average letter; yet nearly every one will admit 
that it is more tiring to strike the keys 700 times than to move car- 
riage 24times. Again, the total work needed to type a letter is the 
same as the amount that would be required for the average person 
to step up one step on the stairs; and it is needless to say that the 
typing of 20 letters takes more physical effort than climbing one 
flight of stairs. This discrepancy between work accomplished 
and fatigue is mainly due to two things: the muscles not only 
expend their energy in performing external work, but also per- 
form work in moving the parts of the body, such as the hands and 
fingers; and the more powerful muscles of the body perform a 
given amount of work with less fatigue than the weaker ones. 
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This all leads to the conclusion that the work required to operate 
a typewriter is not an exact measure of physical effort. In the 


present tests, however, the operation on the different makes are so 
nearly alike that for comparative purposes the data given should 
be satisfactory from the point of view of fatigue as well as of work. 
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Progress in Materials Handling 
Contributed by the Materials-Handling Division 


Executive Committee: R. H. McLain, Chairman, M. W. Potts, Secretary, J. A. Shepard, 
G. E. Hagemann, F. D. Campbell, and C. D. Bray 


ment of materials-handling equipment and in the applica- 

tion of that equipment to the needs of industrial plants, 
mines, construction, railroads, and marine carriers. While 
no outstanding advances are to be noted either in equipment 
design or use, there is no question but that the past year marks 
the active start of a transition period during which the business 
of materials handling will evolve from an empirical art into a 
scientific technique. Increasingly, profits, in materials handling 
must depend upon the precise fitting of equipment to the work 
to be done and to the coordination of the various handling units 
in a given installation in such manner that overall economies 
become maximum. 

In the preparation of this report questionnaires have been 
circulated among several hundred concerns using materials- 
handling equipment, among practically all concerns whose 
business it is to design and to lay out plants, among represen- 
tative builders of every recognized type of materials-handling 
equipment, among editors of representative industry publica- 
tions, and among executive secretaries of industry associations. 
Equipment builders have been particularly helpful and have 
supplied your committee, not with propaganda, but with basic 
facts believed to be of value in recording progress of the year. 
Strangely, those concerns designing and specifying equipment 
for plants, both old and new, have failed to contribute anything 
whatever that is pertinent to this record. From each of the 
other groups questioned at least a few leaders have responded 
fully. 

Approaching the subject first from the equipment point of view, 
we note that most developments have been in line with modern- 
equipment construction practice—whether for materials handling 
or for other purposes. Steel is coming into use in place of 
heavy castings, welding is supplanting riveting, simplification and 
exact machining for interchangeability of parts is becoming 
more common, improved bearing construction and better lubri- 
cation—these are basic trends. 

With these developments in equipment, a better concept 
of the place of materials handling in production is reflected in— 


GS neat progress has been made during 1927 in the develop- 


1 Development of more effective organizations for materials 
handling, as at plants of the Otis Elevator Co., Westinghouse 
Electric & Manufacturing Co., Crompton & Knowles Loom 
Works, B. F. Goodrich Tire & Rubber Co., Hudson Motor Car 
Co., New York Central Railroad Shops—to mention but a few. 

2 Building new plants around the transportation system 
rather than the transportation system around the plant—The 
Buick foundry, West Coast Porcelain plant, and A. O. Smith 
frame plant are cases in point. 


As for particular developments in various types of materials- 
handling equipment, the following facts are significant. 


CRANES 


Evidence of special effort to meet special conditions and re- 
quirements with an assembly of standard units built by quantity- 
Production methods is notable. In addition to the general 
equipment trends noted above, that hold for cranes, the use 
of I-beams in place of expensive riveted box girders, the speeding 


up of light cranes, the reduction in size of electrical equipment and 
power drives, greater compactness of design securing lightness 
with strength, increased ease of operation, lubrication by oil 
baths and reservoirs abolishing the old grease cup—all of these 
changes are taking place. Crane manufacturers feel that users 
of this equipment should not be concerned with trick bearings, 
special limit switches, motors, and control apparatus which are 
being urged upon them by independent manufacturers not 
directly concerned with the building of materials-handling 
equipment. 

Within the last six months another development is reported 
that is believed to open a big field for the effective use of crane 
equipment in wire mills. This is in connection with the cleaning 
house and baker. One company has developed a special clean- 
ing-house crane with electrical equipment so arranged that acid 
and fumes from the acid cannot with any great degree attack 
the electrical equipment. This consists of a single-leg gantry 
crane with the motor located near the floor, and in connection 
with this scheme it is necessary to arrange the tubs in which 
the cleaning is done in what are called “straight’’ floors instead 
of circular floors with the old type of circular crane that isin use 
in practically all wire mills today. The first application of this 
device will shortly be made at the Bourne-Fuller Steel Company 
in Cleveland. 


Hoist AND TRAMRAIL EQUIPMENT 


Fitting hoists aud jib cranes to machine tools more extensively 
is considered significant. The installation of electrically con- 
trolled monorail switches at the Maytag Company’s plant, 
representing a modification of an earlier installation at the 
Saco Lowell Shops, is considered by a firm of consultants in 
Detroit to be worthy of mention. The installation of remote- 
control equipment of this kind speeds up a monorail just as the 
automatic street-car switch, which is controlled by the motor- 
man, speeded up the street car a few years ago. The use of 
electric hoists in connection with skid equipment moved by 
10-ton-capacity electric trucks has made possible revolutionary 
changes in the method of handling sheet steel in and out of freight 
cars. 

Proportional pressure control for brakes on large hoists used 
on mining machinery is reported to have been perfected during 
the year. 

New applications of tramrail equipment are reported—as 
in the warehouse that arranges the split-package stock in the 
same order in which orders from the stores are written up. 
This is usually arranged up and down both sides of several 
aisles equipped with the tramrail system and with a rack adapted 
to take an ordinary warehouse truck. This truck is installed 
upon the rack, and three racks are hooked permanently in 
a train. The men filling orders walk along the aisles and the 
carriers are propelled by electricity along the rail at either 
25 ft. per min. or 300 ft. per minute. The speed is fixed by means 
of push-button control. 

A recent tramrail installation made at the plant of the Man- 
chester Terminal Warehouse Company, Manchester, Texas, 
involves the use of 150 electrically propelled carriers that are 
sending four bales of cotton along the rail like a cash carrier 
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in a dry-goods store, eliminating the necessity of men traveling 
with each load. There are 17,000 ft. of rail involved on this 
system, and the rail is so arranged that there is no possibility 
of two carriers going in opposite directions colliding with each 
other, and it is also possible to get from any place in the receiving 
or shipping department and warehouse to any other place in the 
entire plant. This installation is causing considerable comment 
in the cotton warehouses of the South at the present time. 


ELEVATORS 


Increasingly, elevator equipment going into both old and new 
plants is being fitted to the transportation needs. Elevators 
capable of carrying a train of one electric tractor and 4 trailers 
to any floor of an 8-story building is typical of developments of 
this kind that are taking place. Micro drive for self-leveling 
elevators, while not a new development within the year, probably 
has won wider acceptance recently than ever before. 


E.ectrric INDUSTRIAL-TRANSPORTATION EQUIPMENT 


Storage-battery electric-truck manufacturers have widened 
equipment types available, and report an increasing sale of 
specially modified equipment engineered to meet precise service 
conditions. The use of live skids with lift trucks for handling 
freight in railroad l.c.l. service is reported to be on the increase. 
More high-capacity trucks are being built—from 5 to 10 tons— 
to meet the growing demand for the movement of heavier 
loads with fewer trips and hence with the expenditure of fewer 
man-hours. The Hudson Motor Car Co.’s materials-handling 
installation, around the use of 10-ton trucks, is pronounced by 
one disinterested authority to “excel what Ford has done.” 
The perfection of the automatic coupler is another development 
of significance in connection with this type of equipment. This 
reduces personal injuries to workmen. In trailer design, aside 
from the new couplers, one definite development is the unit 
trailer employing a lifting device to raise reels of wire—holding 
them in the raised position during transport. 


In the lift-truck field, a newcomer is noted in a unit to carry 


approximately 3000 lb., using a mechanical lifting mechanism 
actuated by the foot, while employing electric power in the 
usual manner of transport. This truck is designed to carry 
the 7-in. skid which has been developed for the older type of 
hand lift truck. 

The most recent development by one company is an attachment 
to the crane truck. It consists of a heavy steel plate 30 in. 
wide, bent at an angle which is slightly acute and slidably mounted 
on a pair of steel channels which are attached at the upper 
end to the boom of the crane, and at the lower end to the coupler 
on the end of the truck. At the upper end of the steel plate 
and projecting from it is a curved plate-steel arm pivotably 
mounted. The hook of the crane cable is attached to the 
end of the arm nearest the steel plate which slides on the verticals. 
When the crane cable is wound up on its drum the strain raises 
the inner end of the arm and depresses the outer end so that it 
comes in contact with any article such as a roll of paper placed 
on the lower and horizontal portion of the bent plate, securely 
holding it in place while the plate slides up the vertical channels. 
By this simple device 1400-lb. rolls of newsprint paper are picked 
up where they have been landed on a pair of 2-in. X 6-in. planks 
placed just far enough apart to permit the horizontal portion 
of the bent plate to be inserted between them, and are carried 
to any point where the paper is to be stored. When lowered, 
the point of the bent plate touches the floor or a roll which has 
previously been placed. As soon as the tension on the crane 
cable is relieved a spring raises the arm, allowing this roll of paper 
to run down the bent plate and off into the position desired 
by the operator. By this means the truck operator, without 
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assistance, can pick up, carry, and pile these awkward packages 
four high. When it is desired to use it as an ordinary elevating 
conveyor, the arm may be quickly removed and the crane 
cable attached directly to the end of the vertical portion of the 
bent plate. Means have been provided for adjusting the vertical 
members on which the bent plate slides so that various fixed 
angularities to the vertical may be obtained to suit varying com- 
modities and conditions. In actual performance, ship’s tackle 
raises two rolls at a draft. Two trucks equipped with cranes and 
paper-carrying attachments worked one hatch on a haul of about 
350 ft. and less. The maximum performance was 104 rolls of 
paper per hour for the hatch, and nearly 100 rolls per hour average 
for the ship. 


Hanp Lirt Trucks 


While there have been no radical changes in the design of port- 
able elevators or lift trucks during the past year, the use of 
these forms of handling equipment has been extended to the solu- 
tion of a wide range of handling problems. A very large per- 
centage of the stackers now being furnished by the manufacturers 
are of special design, to meet special problems. Another dis- 
tinct trend is toward the telescopic-frame type of portable 
elevator, which is suitable for use under balconies and low 
ceilings, and which may without any changes in the machine 
be extended in height so that it reaches to the ceiling of higher 
rooms of the plant. Another aid to the lift-truck method 
of handling has been the recent improvements which have been 
made in skid construction. Until comparatively recently the 
skids were made locally. Now, however, the lift-truck manu- 
facturers have developed more durable and serviceable skids 
with steel frames. Because of the large number of skids made 
this phase of the industry now receives the attention which it 
deserves. 


Skip SHIPMENT OF MATERIALS 


Skid shipment of materials on an increasing scale represents 
a trend in handling that cannot be ignored. Improved tying 
methods for securing skids loaded with various commodities 
promise still further development of this system in new fields. 
Originally put to work in the paper industry, at least one notable 
new effort that has been successful has been putting skids to 
work between plants supplying railroads with supplies and their 
central storehouses. In turn, when these supplies are sent to 
line stores, the skid load is transferred intact. Mention is made 
elsewhere of the use of 10-ton electric lift trucks at the plant 
of the Hudson Motor Car Co. There fullest possible advantage 
is being taken of the economies to be derived through wider 
use of skids for handling materials in transit. 


GASOLINE TRUCK AND TRACTOR EQUIPMENT 


In the field of gasoline equipment, a new gas-electric unit, 
designed for use in the battery compartment of a standard elec- 
tric truck chassis, is to be noted. Improved characteristics 
for the unit, which is direct-connected instead of chain-cot- 
nected, are claimed. For certain types of very rugged service 
as in forge shops, it is reported that the use of power units of this 
kind is being discontinued. 

A new gasoline tractor of smaller dimensions for work in narrow 
aisles and for inside haulage, equipped with a so-called con- 
densing silencer, has been introduced, which is said by its manu 
facturer to be capable of 24-hour service with remarkable ecot- 
omy. 


ConvEYorRS 


Idlers for belt conveyors have been improved, mainly through 
the perfection of bearings. Improved casings for elevating 


ae 
| 
| 


ages 
iting 
rane 
the 
tical 
fixed 
and 
out 
s of 


rage 


= 
Cc T iv CHAIN 
Cc Jstine Link Cuan 
ROLLEY Conveyor Usino L 
R Hanp Trucks 
HAIN CONVEYOR FO 


rers > 
dis- Loapinc PornT FoR TRAMRAIL System IN CoTTron WAREHOUSE Truck HANDLING SHIPMENT 
able 
to 
ide CaRROUBEL CONVEYOR Dust-Proor Gravity Rotter Conveyor 1n Founpry 
ant 


conveyors are noted. Chains and other conveyor parts to resist 
acid and alkaline atmospheres are in course of development. 
(This incidentally holds for the materials used in the construction 
of most types of materials-handling equipment.) 

Particularly important developments have taken place during 
the year in the underground conveying of coal. Mechanical 
loaders for working at the room face are making it possible to 
maintain a given production with a much smaller number of 
rooms. 

Use of single conveyor lines for carrying products of varying 
size is noted. Increased employment of overhead chain-type 
conveyors also is noted. 


PNEUMATIC EQUIPMENT 


A type of pneumatic conveyor which has been built com- 
mercially somewhat less than a year has produced results which 
show important economies over other types of pneumatic or 
steam conveyors. As is the case with any new equipment, it 
was necessary to overcome difficulties, correct errors in con- 
struction, and make substitutions of materials and alterations 
for convenience of operation. A very recent test conducted 
in a plant having four 500-hp. boilers shows very satisfactory 
results. 

The ashes at this plant are extremely variable in character 
due to the fact that wood refuse is burned under two of the 
boilers, while the other two are fired with a mixture of wood 
refuse and coal. In addition to the above, crating, boxes, etc. 
are broken up, and with the nails, form a rather heavy ash. 
Also there are a large number of sanding machines in the plant, 
and the fine wood refuse contains a considerable amount of sand 
which fuses with the ash in the furnace. This forms a hard, glass- 
like slag, which weighs about 135 to 140 Ib. per cu. ft. There- 
fore the material to be handled ranges from light, fine, fluffy 
ashes to heavy slag weighing up to a maximum of 140 lb. per 
cu. ft. All of this material is handled through a duct having an 
internal diameter of 5.75in. Tests conducted on this installation 
show an average capacity of about 13 to 15 tons per hour, with 
a steam consumption of about 240 lb. per ton of materials 
handled. 


INDUSTRY DEVELOPMENTS 


Layout Srupiep In Parser INDusTRY 


The layout of the modern pulp and paper mill has been getting 
a great deal of study by the industry in an endeavor to reduce 
to a minimum the labor in handling raw products. The entire 
plant has been so designed that the materials flow in a logical 
manner from the raw product to the finished commodity. This 
has involved considerable handling equipment, and perhaps 
the best example of the modern mill is the new Gatineau Plant 
of the Canadian International Paper Company. Provision 
has been made at this plant for adequate storage of pulpwood, 
sulphur, lime, and other materials, and the conveying systems 
from storage to the mill are well arranged and allow for future 
expansion. 

Pulpwood handling has been given much consideration during 
the last year and a half, and several new methods of mechanical 
conveyance have been adopted. One of the most interesting 
is the new loading and unloading equipment used by the Anti- 
costi Corporation for handling 4-ft. pulpwood to and from vessels. 
This equipment consists of a pulpwood grab or “‘trapper,’”’ which 
is lowered into a restricted basin filled with 4-ft. pulpwood. The 
load is transferred to the hold of the vessel, where it is tiered 
up. The unloading procedure is carried on in the reverse man- 
ner, by means of a platform which will hold about one cord, 
and this is lifted from the hold of the ship and dumped into 
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a conveyor. This equipment makes it possible to load and 
unload pulpwood many times faster than by the old methods, and 
the cost of handling is substantially reduced. 

Recently equipment has been developed to handle long logs 
by the use of a sling arrangement. This eliminates the necessity 
of cutting them into 4-ft. lengths. and speeds up the loading 
and unloading operations both from cars and vessels. 

The use of air to handle granular material such as clay, sul- 
phur, and lime has been adopted by a number of mills in the 
pulp and paper industry. The cost of handling is reduced, and, 
what is more important, the dust in handling is practically 
eliminated, thus giving the workmen a great deal more comfort 
in unloading such materials from cars. 

Air conveying equipment for chips and semi-dry pulp has 
also been developed and adopted in some particular cases. 

The electric lift truck is being more commonly adopted by 
the pulp and paper industry for a number of commodities such 
as lap pulp. pulpwood, paper, and similar materials that are 
piled on platforms. This method eliminates considerable 
handling, and in the case of finished paper reduces the damage 
of spoilage due to poor handling methods. The overhead crane 
has enabled many mills to solve the handling problems when 
such materials as baled paper, rags, and similar products are 
used. This equipment is also used by a number of the mills 
to handle finished and semi-finished paper, and although it is 
not essentially new, the mechanical principles involved are 
being used to a better advantage than several years ago. 


Founpry Practice DEVELOPING 


A general trend toward mechanization, which started _per- 
haps 15 years ago, has been accentuated by highly competitive 
conditions among foundries. Mechanical handling, covering 
sand, fuel, metal, and finished castings, has made tremendous 
advances. The adoption of continuous molding, melting, pour- 
ing, cooling, and shake-out has greatly decreased the cost and 
increased the production of the larger plants producing a standard 
line. The continuous pouring system does not apply, however, 
to small or jobbing foundries. 

A radiator foundry reports 50 per cent saving in floor space, 
a reduction of 75 per cent in the number of flasks required 
and that the production per man has been increased from 5.75 
molds of one class to 9.70 of the same type per hour, and from 
18.25 to 30.55 molds per man-hour on a smaller hob. 

Every new foundry built and every shop which has revised its 
equipment has gone the limit on conveying and handling equip 
ment during the past 18 months. 

Improvement in quality of product and increased pressure 
on merchandising methods probably will have the major attention 
of foundry executives in the next few years. Cutting corners 
on production costs, and improvements in manufacturing 
methods along present known lines, probably have reached the 
high point, although many establishments still could apply 
these factors to existing practice. 


Tue ConstTRucTION FIELD 


Most of the motor-truck manufacturers are building speci! 
equipment for road-building operations. These include special- 
sized bodies, bodies divided into batch compartments, and wide- 
tired wheels to decrease the unit weight on the road subgrade. 
In one case a truck has been developed which dumps to either 
side or to the rear. 

Power-shovel design and construction have recently turned 
toward the smaller sizes of shovels, '/, and */, yd. capacity, 
resulting in speed, operating mobility, and adaption to 4 large 
volume of work which has heretofore been uneconomical fot 
large-shovel operation. On gasoline shovels, air-operated 
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clutches are contributing to flexibility of operation. Somewhat 
along the same line air engines are being used direct-connected 
to the crowding and swinging motions of one shovel. 

On all construction equipment steel castings have been replacing 
cast iron and riveted structural steel. In the past year extremely 
large unit steel castings have been used on some equipment. 
In one case a power shovel uses a single steel casting for the 
entire body frame and the bearing supports for all of the main 
bearings. 

Roller and ball bearings are becoming standard equipment. 
At the 1927 road show of the American Road Builders Asso- 
ciation, fully 50 per cent of the machines exhibited were equipped 
with such bearings. Of the other bearings used on construction 
machines, most of them are bronze-bushed, and practically all 
are of the split type to facilitate easy adjustment. 

Much activity has been evident in lubrication development. 
Pressure systems of the Alemite and the Dot type are becoming 
commonplace. A more recent development is the use of totally 
enclosed gears running in oil. 

A hoist manufacturer has developed a three-speed hoist using 
a motor-truck-type transmission. Portable conveyors, both 
of the belt and bucket type, and belt-conveyor installations for 
handling stone, cement, and other construction material, are 
continually being adapted to new construction uses. 


Tue 


The applications of materials-handling machinery and devices 
in the railroad field are so diversified and extensive that it is held 
by one close to the situation almost impossible to give any 
summary as to the progress which has been made with any 
degree of accuracy. It is known that in each department there 
has been a steady increase in materials-handling devices and equip- 
ment in the interest of increased efficiency and greater economy 
of operation. As far as is known, there have been no start- 
ling improvements adopted on an extensive scale in any of the 
departments. The progress has been more in the extended 
and greater use of equipment and methods which were adopted 
by the more progressive roads in recent years. 

In connection with materials handling in the railroad field, 
reference may be made to the fairly recent utterance of an author- 
ity close to present methods of freight handling. He pointed 
out that long-haul profits are being needlessly sacrificed in the 
terminal handling of freight, estimating that a saving of $25,000- 
000 is possible through the fully effective use of n.echanical 
freight-handling facilities already at the disposal of railroads. 

Skid shipment, already alluded to, represents an important 
development certain to be more widely practiced in the 
future. 

Another change in railroad practice that already has come 
in some sections of the country, is store-door delivery. This 
will involve a tremendous expenditure in new short-haul materials 
transportation, and because of the experience of the American 
Express Co., which is the largest user of electric street trucks 
in the world, it is believed that this may become a recognized 
type of equipment in this branch of railway service. 


MarINnE HANDLING 


; The most significant development in marine terminals dur- 
ing the past year, at least on the Pacific Coast, has been the 
Temarkable increase in the percentage of shipments handled 
‘o and from such terminals by trucks and the decreasing per- 
centage handled by rail. As shown by a paper read before the 
Pacific Coast Association of Port Authorities by Harbor Engineer 
Nicholson of Los Angeles, the future piers of Los Angeles Harbor 
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will have to be designed to accommodate 60 per cent or more of 
the traffic being handled by trucks. The same ratio of truck 
traffic is being approached in San Francisco, Seattle, and Port- 
land. If this increase continues it may mean the redesigning 
and rebuilding of every pier on the Pacific Coast, and will cer- 
tainly mean the introduction into pier sheds of a far more com- 
prehensive system of mechanical handling than at present prevails. 

At least one new experimental machinery installation has 
been made on the Pacific Coast which may lead to a large intro- 
duction of such machinery. On the passenger and freight steamer 
City of Honolulu there has been introduced a conveyor system 
for handling general freight from side ports through hatches 
of the lower decks and into the hold spaces. Initial trips of this 
vessel indicate that this method of handling freight on com- 
bination passenger and freight steamers will be highly successful. 
Tests during the first trip indicated an overall saving of some 
30 per cent as compared with ship’s winches and tackle in the 
handling of pineapples in cases. 

It is altogether likely that the development trend in materials- 
handling machinery at marine terminals for Pacific Coast use 
will have to be directed toward a condition catering to truck 
transport. 


Tue Ceramic INDUSTRIES 


For several years the common brick plants have experimented 
with cranes whereby they could progress the brick through drying 
and firing in units of from 2 to 500. This has involved the devis- 
ing of kilns with removable crowns. In this system the bricks 
are kept in blocks of 2 to 500 throughout the process, even to 
the loading on to the cars or barges. The extension of this 
principle to brick manufacturing in genera] would result in great 
improvements and economies. 

The most important development in pottery plants has been 
the tunnel kiln, in which the pottery products are fired while 
in constant motion through a long tunnel, the heat being applied 
at the middle of the kiln. 

Other developments in materials handling have affected 
this industry chiefly from the standpoint of transporting the 
raw materials and unfinished and finished products by means 
of belt conveyors. Driers with automatic heat and humidity 
control and suitable conveying systems have come into use 
quite extensively. 

The principal development of the future will be in the still 
greater application of continuous firing systems and continuous 
movement of the ware through the several processes, in the 
opinion of an authority close to the industry. 

Summarizing, developments of note include: 

Tendency to better organization within the plant for the 
control of materials-handling equipment 

Tendency to handle heavier loads fewer times 

Tendency to move material direct from freight cars to 
production machines instead of into raw-materials 
stores 

Tendency to reduce the amount of work in process and the 
storage reservoirs of partly or wholly finished parts 

Tendency to tie the materials-handling system directly 
into that used for production 

Tendency to modernize facilities for handling in smaller 
plants, and in plants where comparatively low tonnages 
have to be transported. 

Progress Report | Haroup J. Payne, Chairman 
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veyors, W. E. Phillips. Cement Mill & Quarry, 
vol. 30, no. 5, Mar. 5, 1927, pp. 19-25, 2 figs. 

The Belt Conveyor and Its Advantages. 
Indus. Mgmt. (Lond.), vol. 14, no. 2, Feb. 1927, 
pp. 47-48. 

Unusual Conveyor Problem at Cincinnati 
Plant, R. A. Goodwin. Cement Mill & Quarry, 
vol. 30, no. 3, Feb. 5, 1927, pp. 18-20, 5 figs. 

Bottles and Crockery. Handling Bottles 
and Crockery Mechanically, G. F. Zimmer. 
Indus. Mgmt. (Lond.), vol. 13, no. 11, Nov. 
1926, pp. 451-453, 4 figs. 
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Chain. Researches on Conveyor Chains for 
Open-Cut Lignite Workings (Untersuchungen an 
Forderketten fiir Braunkohlentagebaue), : 
Pomp. Braunkohle, vol. 25, no. 47, Feb. 19, 
1927, pp. 1037-1047, 17 figs. 

Coal. New Coal Face Conveyor, A. V. Reis. 
Indus. Mgmt. (Lond.), vol. 14, no. 8, Aug. 1927, 
pp. 286-287, 1 fig. 

Cooling Confectionery on. Cooling Con- 
fectionery on a Conveyor. Indus Memt. 
(Lond.), vol. 14, no. 4, Apr. 1927, pp. 127-128, 
2 figs. 

Cotton Mills. Planning a Cotton Mill 
Around the Conveyor System, C. M. Mumford 
and M. G. Farrell. Indus. Mgmt. (N. Y.), 
vol. 74, no. 2, Aug. 1927, pp. 94-100, 15 figs 

Dual. Dual or Multi-Purpose Conveyors, 
G. F. Zimmer. Indus. Mgmt. (Lond.), vol. 14, 
no. 2, Feb. 1927, pp. 41-46 and 50, 7 figs 

Electric Drive. Application of Electric 
Drive to Conveyors, R. F. Emerson Eng 
World, vol. 30, no. 3, Mar. 1927, pp. 143-150, 
14 figs. 

The Application of Electric Drive to Con- 
veyors, R. F. Emerson. Gen. Elec. Rev., 
vol. 30, no. 2, Feb. 1927, pp. 93-101, 14 figs. 

Factory. Controlling Production Mechani- 
cally, Wm. F. Bailey. Factory, vol. 36, no. 2, 
Feb. 1926, pp. 262-265, 340, 342, 344, 346, 
348 and 350, 14 figs. 

Conveyor Slash Handling Costs, G. Prifold. 
Factory, vol. 37, no. 4, Oct. 1926, pp. 618-620, 
5 figs. 

Foundries. Savings from the Use of Con- 
veyors in Manufacturing. Iron Age, vol. 120, 
no. 1, July 7, 1927, pp. 1-5, 8 figs. 

Industrial Applications. The Industrial 
Application of Conveyor Systems, C. A. Burton. 
Mech. Eng., vol. 49, no. 4, Apr. 1927, pp. 355-356. 

Jig. Investigations of the Motion of Jig 
Conveyors (Untersuchungen itiber die Bewegungs, 
vorgange bei der Schittelrutschenférderung), 
W. Stuhimann. Gliickauf, vol. 62, no. 12, 
Mar. 20, 1926, pp. 363-368, 8 figs. 

Laundries. Conveying Methods in Modern 
Laundries, G. F. Zimmer. Indus. Mgmt. 
(Lond.), vol. 13, no. 8, Aug. 1926, pp. 345-347 
and 353, 4 figs. 

Lubrication. Modern Methods in Lubrica- 
tion and Transmission, F. A. Robinson. Belting 
Transmission Tools & Supplies, vol. 31, no. 1, 
July 1927, pp. 16-21, 6 figs 

Problems in Lubricating Conveyors, F. . 
Gooding. Indus. Engr., vol. 84, no. 11, Nov. 
1926, pp. 513-517, 10 figs. 

Machine-Hour Rate System. New Cost 
Basis for Material Handling, F. E. Moore. 
Mfg. Industries, vol. 11, no. 3, Mar. 1926, pp. 
169-170, 4 figs. 

Machine Shops. How Conveyors Saved 
Erecting New Buildings, F. H. Colvin. Am. 
Mach., vol. 65, no. 11, Sept. 9, 1926, pp. 437- 
439, 7 figs 

Mechanical Control. It's Almost Human, 
A. J]. Howe. Factory, vol. 37, no. 6, Dec. 1926, 
pp. 998-1001, 1020 and 1024, 10 figs. 

Monorail Runways. Arch Beam Monorail 
Runway. Iron Age, vol. 118, no. 15, Oct. 7, 
1926, p. 1003, 3 figs. 

Motor Control. ‘‘Telephone-Exchange’’ Con- 
trol for Conveyor System, R. G. Lockett. Elec. 
World, vol. 89, no. 12, Mar. 19, 1927, pp. 603- 
604, 2 figs. 

Natural-Frequency. Natural Frequency 
Conveyors. Machy. (Lond.), vol. 28, no. 723, 
Aug. 19, 1926, pp. 573-575, 7 figs. 

Newspaper. Newspaper Conveyors, G. F. 
Zimmer, Indus. Mgmt. (Lond.), vol. 13, no. 12, 
Dec. 1926, pp. 487-490, 4 figs. 

Newspaper Conveyors. Indus. Mgmt. — 
vol. 14, no. 8, Aug. 1927, pp. 277-279, 

Overmotoring. Preventing Ov sect ol of 
Conveyors, . F. Emerson. Power, vol. 63, 
no. 19, May 11, 1926, pp. 703-704, 1 fig. 

Pneumatic. Pneumatic Coal Conveying 
Plant at the Sittingbourne Paper Mills. Indus. 
Mgmt. (Lond.), vol. 14, no. 8, Aug. 1927, pp. 
283-285, 6 figs. 

Pneumatic Conveying of Gritty Materials, 
E. J. Tournier. Rock Products, vol. 30, no. 2, 
Jan. 22, 1927, pp. 40-50, 12 figs. 

Pneumatic Conveying Plants for Agricultural 
Purposes, L. Engelbrecht. Eng. Progress, vol. 7, 
no. 12, Dec. 1926, pp. 327-328, 3 figs. 

The “‘ Pneuconex’’ Pneumatic Conveyor System. 
Machy. Market, no. 1388, June 10, 1927, pp. 
21-23, 4 figs. 

The ‘“‘Pneuconex"’ System of Pneumatic Con- 
veyance. Iron & Coal Trades Rev., vol. 114, 
no. 3091, May 27, 1927, pp. 847-848, 2 figs. 
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Progressive Production. Handling Devices 
and Progressive Manufacturing Processes, Wol- 
ther. Indus. Mgmt. (Lond.), vol. 14, no. 6, 
June 1927, pp. 197-201, 10 figs. 

Reciprocating. New Type of Reciprocating 
Conveyor. Indus. Mgmt. (Lond.), vol. 14, no. 4, 
Apr. 1927, p. 126. 

Screw. The Screw Conveyor and Its Manu- 
facture, D. C. Wright. Am. Mach., vol. 64, 
nos. 24 and 25, June 17 and 24, 1926, pp. $31- 
933 and 977-980, vol. 65, no. 1, July 1, 1926, 
19 figs. 

Shaking. Movements in Conveying Troughs 
with Rotary Drive (Ueber die Bewegungsvor- 
gange bei Férderrinnen mit umlaufenden 
trieben), W. Bohrhammer, vol. 
no. 51, Jan. 1926, pp. 5-10, 8 figs. 

Movements of Shaking Conveyors with Special 
Reference to Pneumatic Drive (Ueber die 
Bewegungscorange bei der Schiittelrutschen- 
forderung mit besonderer Beriicksichtigigung 
der Pressluftantriebe), W. Stuhlmann. Férder- 
technik u. Frachtverkehr, vol. 19, nos. 14, 15, 
16 and 17, July 9, 23, Aug. 6 and 20, 1926, pp. 
205-208, 228-231, 243-245 and 260-264, 14 figs. 

Prospects for Further Development of Elec- 
trically Driven Shaking Conveyors (Die Aussich- 
ten fiir die Weiterentwicklung der elektrische 
betriebenen Schiittelrutsche), M. Wintermeyer. 
Bergbau, vol. 39, no. 37, Sept. 16, 1926, pp. 
516-518, 3 figs. 

Transport by Shaking Conveyors (Le transport 
en taille par couloirs oscillants), F. Quievreux. 
Société Industrielle de Mulhouse—Bul., vol. 42, 
no. 6, June-Aug. 1926, pp. 331-348, 8 figs. 

Telegraph Stations, United States. Me- 
chanical Conveying in Large Telegraph Centers of 
United States (Les transporteurs mécaniques dans 
les grands centraux télégraphiques des Etats- 
Unis), J. Jacob. Technique Moderne, vol. 18, 
no. 4, Feb. 15, 1926, pp. 97-102, 14 figs. 

Theory of. Position of Driving Gear and 
Magnitude of Stress in the Pulling Member of 
an Endless Conveyor (Die Lage des Antriebes 
und die Zugorganspannkraft von Férderern mit 
endlosem Zugorgan), Heumann. Fdérdertechnik 
u. Frachtverkehr, vol. 19, nos. 4 and 5, Feb. 18 
and Mar. 4, 1927, pp. 85-89 and 101-105, 13 figs. 

Tramrail System. Special Carrying Rail, 
A. F. Anjesky. Iron Age, vol. 117, no. 23, 
June 10, 1926, p. 1651, 1 fig. 

Types. Mechanical one Continuous Handling 
of Diversified Products, E. J. Tournier. Indus. 
Mgmt. (N. Y.), vol. 3) ‘no. 6, June 1927, pp. 
325-333, 6 figs. 

Vibration-Type. Vibration-Type Conveyor 
(Der Wuchférderer ein neues Fdérdermittel), 
H. Heymann. Zeit. des Vereines deutscher 
Ingenieure, vol. 70, no. 10, Mar. 6, 1926, pp. 
309-313, 13 figs. 

Wood Shavings. Design of Conveyors for 
Wood Shavings (Die Berechnung der Spdne- 
transport-Anlagen), S. Grakhan. Férdertechnik 
u. Frachtverkehr, vol. 19, no. 4, Feb. 18, 1927, 
pp. 92-95. 
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A.C. and D.C. Motors for. A.C. and D.C. 
Motors for Crane Operation, R. F. Emerson. 
Indus. Engr., vol. 85, no. 7, July 1927, pp. 315- 
316, 2 figs. 

Accidents. Mechanical Causes of Crane 
Accidents, M. . Goodspeed. Safety Eng., 
vol. 53, no. 6, June 1927, pp. 253-255. 

Austrian Types. Modern Hoisting Equip- 
ment (Neuere Hebezeuge), R. Dub. Fdérder- 
technik u. Frachtverkehr, vol. 19, nos. 24, 25 
and 26, Nov. 26, Dec. 10 and 24, 1926, pp. 
367-372, 387-390 and 403-407, 15 figs. 

Automobile. Automobile Cranes (Automo- 
bilkrane), F. Woeste. Férdertechnik u. Fracht- 
verkehr, vol. 20, no. 6, Mar. 18, 1927, pp. 117- 
121, 8 figs. 

Bridge, Brakes for. Automatic Protective 
Brake for Traveling Loading Bridges and Cranes 
(Selbsttatige Windschutzbremse fiir fahrbare 
Verladebriicken und Krane), Uebbing. Fdérde- 
technik u. Frac htverkebr, vol. 19, no. 5, Mar. 5, 
1926, pp. 61-62, 2 figs. 

Building. Building Cranes (Ueber Baukrane), 
W. Lattmann. Schweizerische Bauzeitung, vol. 
87, no. 1, Jan. 2, 1926, pp. 8-10, 5 figs. 

Cable. The Varied Use of Cable Cranes (Die 
vielseitige Verwendung von Kabelkranen), H. 
Schulze-Manitius. Férdertechnik u. Frachtver- 
kehr, vol. 19, nos. 15 and 16, July 23 and Aug. 16, 
1926, pp. 225-228 and 239-243, 28 figs. 

Construction and Maintenance. Aspects 
in Construction and Maintenance of Crane 
Installations (Gesichtspunkte fiir Bau und 
Instandhaltung von Krananlagen), F. Tépfl. 
Stahl u. Eisen, vol. 46, no. 18, May 6, 1926, 
pp. 601-609, 20 figs. 


Design. Tendencies of Modern Crane Design, 
E. G. Diegehen. Mech. World, vol. 80, nos. 
2063 and 2065, July 16 and 30, 1926, pp. 47-48 
and 85-86. 

Drum Controllers. Drum Controllers for 
Electric Overhead Traveling Cranes, J. F. Foley. 
Australasian Elec. Times, vol. 6, no. 6, June 28, 
1927, pp. 413-414, 2 figs. 

Electric. All-Welded Electric Crane Em- 
bodies New Features of Design. Iron Trade 
Rev., vol. 81, no. 6, Aug. 11, 1927, pp. 316-318, 
5 figs. 

Cranes for Use in Ports and Harbours. So. 
African Eng., vol. 38, no. 7, July 1927, pp. 
140-142, 2 figs. 

Electric Derrick. Electric Derrick Crane. 
Engineering, vol. 121, no. 3136, Feb. 5, 1926, 
pp. 108-109, 6 figs. 

Electric Motors for. Power Consumption 
and Power Factor of Deri Motor in Driving 
Cranes Connected with an A.C. System (Energies- 
verbrauch und Leistungsfaktor des Derimotors 
im Kranbetrieb im Anschluss an Drehstromnetze), 
F. Jungblut. Férdertechnik u. Frachtverkehr, 
vol. 19, no. 9, Apr. 30, 1926, pp. 125-129, 7 figs. 

Requirement of Deri Motors in Crane Opera- 
tion (Energieverbrauch des Deri-Motors im 
Kranbetrieb), F. Jungblut. Férdertechnik u. 
Frachtverkehr, vol. 19, no. 25, Dec. 10, 1927, 
pp. 381-384. 

Electric, Operation. Rules for the Safe 
Operation of Electric Overhead Traveling 
Cranes. Iron & Steel Engr., vol. 4, no. 1, Jan. 
1927, pp. 25-26. 

Electric Traveling. How Electric Traveling 
Crane Came. Iron Age, vol. 118, no. 9, Aug. 26, 
1926, pp. 541-543. 

Electric Trolley Crabs. The Structural 
Design of Electric Traveller Crabs, E. G. Fiege- 
hen. Engineer, vol. 142, no. 3683, Aug. 13, 
1926, pp. 178-179, 7 figs. 

Floating. A 65-Ton Floating Crane (65t- 
Schwimmkran), Momber. Sc hiffbau, vol. 27, 
no. 4, Feb. 24, 1926, pp. 91-94, 5 figs. 

A 200-Ton Floating Crane. Engineer, vol 
142, no. 3588, Sept. 17, 1926, p. 315, 2 figs. 
partly on p. 308. 

Floating Crane of 300 Tons for Handling 
Concrete Blocks in Harbor of Valencia (Spain) 
{[Grue flottante de 300 tonnes pour la manu- 
tention des blocs de béton dans le port de Valence 
(Espagne)]. Génie Civil, vol. 88, no. 4, Jan. 23, 
1926, pp. 77-80, 10 figs. 

Floating Crane of 300 Tons Lifting Capacity. 
Shipbldg. & Shipg. Rec., vol. 27, no. 3, Jan. 21, 
1926, pp. 70-71, 4 figs. 

Floating Cranes and Their Scope, G. F. Zimmer, 
Indus. Mgmt. (Lond.), vol. 14, no. 4, Apr. 1927, 
pp. 117-119, 5 figs. 

Full-Arch. Cranes Increase Pier Capacity 
Over 300 Per Cent. Eng. News-Rec., vol. 96, 
no. 3, Jan. 21, 1926, pp. 118-119, 2 figs. 

Gantry. Electric Traveling Gantry Crane 
of 480 Tons of Naval Artillery Ordnance at 
Gavre, France (Grue roulante électrique a 
portique, de 480 tonnes, du polygone de !'Artillerie 
pavale, a Gavre, pres de Lorient), C. Dantin. 
Génie Civil, vol. 90, no. 24, June 11, 1927, 
pp. 569-572, 5 figs. 

Gantry-Cable. Gantry-Cable Cranes for 
Storeyards (Briickenkabelkrane fiir Lagerplatz- 
bedienung), K. Zapf. Férdertechnik u. Fracht- 
verkehr, vol. 20, no. 1, Jan. 7, 1927, pp. 8-9, 
3 figs. 

Gasoline-Electric. Petrol Electric Mobile 
Crane. Indus. Mgmt. (Lond.), vol. 13, no. 1, 
Jan. 1926, pp. 7-9, 1 fig. 

Petrol-Electric Mobile Crane. Ry. Gaz., 
vol. 44, no. 25, June 18, 1926, pp. 785-787, 5 figs. 

Gear Drive. Worm Drive for Steel Mill 
Units. Iron Age, vol. 119, no. 22, June 2, 1927, 
pp. 1603-1604, 1 fig. 

Girder Design. The Economics of Crane 
Girder Design, E. G. Fiegehen. Engineer, 
vol. 143, no. 3711, Feb. 25, 1927, pp. 204-205, 
1 fig. 

Girders. The Selection of Rolled Steel 
Joists and Compounds for Crane Girders, E. G. 
Fiegehen. Mech. World, vol. 82, no. 2116, 
July 22, 1927, pp. 57-58, 4 figs. 

Grab Buckets. A New Automatic Electric 
Grab Bucket (Nouvelle Benne automatique a 
Moteur électrique), F. Bravais. Génie Civil, 
vol. 89, no. 2, July 10, 1926, pp. 38-39, 5 figs. 

Hammer-Head. Calculation of a Hammer- 
Head Crane of 150 (200) Tons Capacity (Berech- 
nung eines Hammerkrans von 150 (200) t Trag- 
fahigkeit), J. M. Bernhard. Praktischer Mas- 
chinen-Konstrukteur, vol. 59, nos. 23-24 and 
25-26, June 12 and 26, pp. 238-245 and 262- 
266, 16 figs. 
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Hydraulic Cargo. Hydraulic Cargo Crane 
on the Motor Liner Austurias. Engineer, vel. 
141, no. 3665, Mar. 26, 1926, p. 364, 3 figs. 


Ingot Tongs. The Gripping Force of Ingot 
Tongs, W. E. Wright. Engineering, vol. 123, 
no. 3190, Mar. 4, 1927, pp. 274-275, 6 figs. 

Jib. New Jib Cranes for Harbor Work 
(Neue Einziehkrane fir den Seehafenumschla, 
C. Overbeck. Zeit. des Vereines deutscher 
Ingenieure, vol. 70, no. 3, Jan. 16, 1926, pp 
73-77, 13 figs. 

Notes on the Design of Crane Jibs, E. G 
Fiegehen. Mech. World, vol. 79, no. 2037, 
Jan. 15, 1926, pp. 48-50, 4 figs. 

Jib, Traveling. A New Type of ‘‘Toplis 
Level-Luffing Crane. Engineer, vol. 141, no 
3673, June 4, 1926, p. 589, 3 figs. 

_ Level-Luffing. The Toplis  Level-Lufling 

Crane. Engineering, vol. 121, no. 3137, Fet 
12, 1926, pp. 200-202, 16 figs. partly on cups 
plate. 

Load Brakes for A.C. Motors. Solenoid 
Load Brakes for Wound-Rotor Alternating- 
Current Motors, H. H. Vernon. Gen. Elec 
Rev., vol. 29, no. 4, Apr. 1926, pp. 268-270, 
3 figs. 

; Locomotive. A Locomotive Crane for Lift 
ing 120 Tons, E. Altschul. Brown Boveri Reyvy., 
vol. 13, no. 12, Dec. 1926, pp. 279-282, 6 fig 

: Economic Utilization of Cranes in Locomotive 
Shops (Wirtschaftliche Ausnutzung der Hebe- 
krane in Lokomotivausbesserungswerken J 
Franke. Organ fur die Fortschritte des Eisen- 
bahnwesens, vol. 81, no. 22, Nov. 30, 1426, 
pp. 450-453, 9 figs. 

50-Ton Overhead Traveling Cranes, Horwich 
bag L.M.S.R. Ry. Gaz., vol. 45, no. 27, 
Dec. 31, 1926, p. 787, 1 fig. 

Bridge of 120 Tons (Pont roulant 
de 120 tonnes), M. Favre. Bul. Technique de 
la Suisse Romande, vol. 51, no. 26, Dec. 19, 
1925, pp. 313*318, 5 figs. 

_ Locomotive Coaling. Locomotive Coualing 
Eng. Progress, vol. 7, no. 12, Dec. 1926, pp 
337-338, 2 figs. 

_ Motor Control. Speed Control of Electric 
Crane Motors, A. C. Barson. Elec Times 
vol. 70, no. 1833, Dec. 9, 1926, pp. 713-714 

_ Motor-Control Systems. Special Control 
Systems for Cranes and Hoisting Appliances 
Equipped with Brown Boveri Single |’hase 
Commutator Motors, E. Altschul. Hrown 
Boveri Rev., vol. 14, nos. 2 and 3, Fel. and 
Mar., 1927, pp. 61-65 and 86-89, 20 figs 

Motor Rating. Rating of Crane Motors 
(Die Leistungsbewertung bei Kranmotoren 
C. Sechiebeler. Electrotechnik u. Maschinenbau, 
vol. 44, no. 33, Aug. 15, 1926, pp. 604-606 
6 figs. 

Overhead Electric. Rules for the Safe 
Operation of Electric Overhead Traveling Cranes 
Iron & Steel Engr., vol. 3, no. 6, June 1926, 
p. 22: 

Plate-Glass Transportation. Cranes for 
Transportation of Plate Glass (Glasscheiben- 
Transportkrane). Sprechsaal, vol. 60, no. 18, 
May 5, 1927, pp. 321-322, 2 figs. 

Plate-Lifting. Plate-Lifting Cranes with 
Suction Attachment. Indus. aaa Lond.), 
vol. 14, no. 5, May 1927, pp. 163-164, 

Portable. The Economical ‘onal of 
Ballast in Portable Cranes, E. G. Fiegehen 
Mech. World, vol. 81, no. 2109, June 3, 1927, 
pp. 389-390, 6 figs. 

Portal. New Portal Cranes for the Kaiser 
Dock of the City of Dantzic, F. Woeste. Eng 
Progress, vol. 7, no. 11, Nov. 1926, pp. 202-298 
2 figs. 

Power. Power Cranes (Krane mit cigener 
Kraftquelle), F. Woeste. Zeit. des \creimes 
deutscher Ingenieure, vol. 70, no. 9, Feb. 24, 
1926, pp. 291-296, 17 figs. 

Railway Storage-Battery. Storage 
Rail Cranes (Akkumulator-Kranfahrzeuye), 
Rédiger. Férdertechnik u. Frachtverkelr, vol 
19, nos. 18 and 19, Sept. 3 and 17, 126, PP 
269-271 and 291-293, 12 figs. 

Railway Wrecking. Railway Breakdown 
Crane Design, E. K. Wright. Mech. World 
vol. 81, no. 2088, Jan. 7, 1927, p. 6, 1 fi: 

Railway Breakdown Cranes, E. G. Fiegehen 


Ry. Engr., vol. 48, no. 572, Sept. 1927, PP 
330-331 and 333. 

Shaft Bearings. Shaft Bearings in Crane 
Construction (Walzlager im Kranbau Muller. 
Fordertechnik u. Frachtverkehr, vol. 20, no. 
June 10, 1927, pp. 216-218, 11 figs. 

Shipbuilding. Slip-Crane Plant of henish 
Shipyard. Eng. Progress, vol. 7, no. 10, Oct 
1926, p. 260, 2 figs. 
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The Crane Equipment of Shipbuilding Berths, 
E. Smith. Shipbldg. & Shipg. Rec., vol. 27, 
no. 14, Apr. 8, 1926, pp. 407-412, 12 figs. 

Slewing. Dynamics of Moving Loads During 
Acceleration Period (Die dynamischen Vorgange 
wahrend der Beschleunigungsperiode bewegter 
Massen bei Drehkranen), J. M. Bernhard. 
Fordertechnik u. Frachtverkehr, vol. 19, nos 
21 and 22, Oct. 15 and 29, 1926, pp. 320-32% 
and 335-337, 7 figs. 

The Forces ee in the Slewing Motion 
of Power Cranes, E. Fiegehen. Engineering, 
vol. 121, no. 3146, Ped 16, 1926, pp. 483-454, 
2 hig 

Slipways. New Cranes for River Boat Slip- 
ways. Indus. Mgmt. (Lond.), vol. 13, no. 10, 
Oct. 1926, pp. 417-421, 6 figs. 

Speed-Limiting Brakes. Centrifugal Speed- 
Limiting Brake, P. Hall. Mech. World, 
vol. 82, no. 2113, July 1, 1927, pp. 9-10, 4 figs. 

Steam. The Power Plant of a Locomotive 
Steam Crane, E. G. Fiegehen. Engineering, 


vol. 123, no. 3183, Jan. 14, 1927, pp. 60-61. 
Steel Mills. General Specifications for Elec- 
tric Overhead Traveling Cranes— Heavy 


Steel Mill Service. Iron & Steel Engr., vol. 
no. | Jan. 1927, pp. 21 25 
Storm Brakes. Storm Brakes for Cranes and 
Transporters Indus. Mgmt. (Lond.), vol. 13, 
no. 6, June 1926, pp. 239-240, 4 figs. 
Traveling. Traveler Erects Heavy Trusses 
for Theatre Roof Eng. News-Rec., vol. 96, 
no. 11, Mar. 18, 1926, pp. 454-455, 5 figs. 
Traveling Cranes for Handling Freight Cars 
in Railway Terminal Yards, H. B. Dwight. 
Elec. Jl, vol. 23, no. 9, Sept. 1926, pp. 448-450, 


Truck Raising and Turning Superstructures 
by Means of Crane Trucks (Ausheben und Vers- 
chwenken von Ueberbauten mit Kranwagen), O. 
Miehlke Bautechnik, vol. 4, no. 24, June 4, 
1926, pp. 337-344, 13 figs. 

Turntable Arrangements. Turntable Ar- 


rangements for Jib Cranes, E. G. Fiegehen 
Mech. World, vol. 81, no. 2104, Apr. 29, 1927, 
pp. 200-300, 5 figs 

Wharf and Warehouse. Wharf and Ware- 
house Cranes, C. H. Woodfield. Elecn., vol. 97, 
no. 2535, Dee. 31, 1926, pp. 754-755 and 762, 
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Conveyor Systems. Conveyor System, F.G 
Steinebach. Foundry, vol. 54, no. 7, Apr. 1, 
1926, pp. 256-261, 8 figs. 

Conveyors Nearly Triple Output, F. L. Prentiss. 
Iron Age, vol. 117, no. 14, Apr. 8, 1926, pp. 


977-982, 10 figs. 
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Automatic Unloaders. Conveying Freight 
from Automatic Unloaders to Destination (Die 
Veberfuhrung _Férderguts aus Selbstentladern 


an den Bestimmungsort), Walther. Férder- 
technik u. Frachtverkehr, vol. 19, nos. 4 and 5, 
oy 19 and Mar. 5, 1926, pp. 38-39 and 59-61, 
0 fig 


Container System. Scientific Transporta- 
0g W. P. Kellett. Soc. Automotive Engrs.— 
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portation Within the Terminal Area, F. J. Scarr. 
West. Soc. Engrs.—J1., vol. 31, no. 4, Apr. 1926, 
pp. 128-134. 

Railway Costs. Service, Consumption of 
Fuel and Time in Freight-Train Traffic (Leistun- 
gen, Betriebsstoff- und Zeitverbrauch im Giter- 
zugverkehr), W. Richard. Verkehrstechnik, 
vol. 43, no. 29, July 16, 1926, pp. 459-463, 3 figs. 
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June 1926, pp. 1035, 1130, 1134 and 1138 

The Use of Battery Electric Trucks as a Means 
of Reducing Handling Costs at the Gas Works, 
S. M. Hills. Gas Engr., vol. 43, no. 609, Jan. 
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. Spivey. Factory, vol. 37, no. 2, Aug. 
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vol. 72, no. 2, Aug. 1926, pp. 125-131, 15 figs. 
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figs. 
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3 figs. 
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13 figs 
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In this paper the author describes conveying equipment installed 
at the Crockett, Calif., plant of the California and Hawaiian Sugar 
Refining Corp. First, a general description of the plant layout 
is given, together with an explanation of certain conditions which 
demand large storage facilities for both raw and refined sugar. 
Among the types of conveyors described are belt conveyors, depressed 
floor conveyors, slat conveyors, a specially designed screw conveyor, 
and various portable and semi-portable conveyors. The duty to be 
performed by each of these types is mentioned, and the maintenance 
problem is discussed. An interesting weighing conveyor, which 
receives the bagged sugar directly from the steamer, is described. A 
part of the paper deals in an explanatory manner with the very 
interesting central-control board, through which the entire system is 
under instant control. An interesting comparison of manual and 
conveyor handling is given, with the figures well in favor of the latter 
method. 


San Francisco on Carquinez Straits, the connecting link 
between San Pablo and Suisun Bays. The plant of the 
California and Hawaiian Sugar Refining Corporation has at 
Crockett an ideal manufacturing location, for here, literally, 
“rail and water meet.”’ Along a water frontage of approximately 


on Calif., is situated about thirty miles east of 
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cane, and the resulting accumulation of raws must be stored for 
subsequent refining. Also, in order to secure the minimum 
manufacturing cost, the refinery, as mentioned, operates at a 
uniform rate throughout the year. Therefore storage space 
must be provided for refined sugar when the market fails to ab- 
sorb it as rapidly as it is produced. 

The incoming raw sugar may be sent direct from dock to 
refinery or into the warehouse for storage, whence later it must 
be transferred to the refinery. The finished product must in turn 
be delivered to the warehouse either for direct shipment or into 
storage for subsequent shipment by rail or water. The eco- 
nomical accomplishment of these various manipulations calls 
for a comprehensive conveying system of great flexibility. It is 
the province of this paper to offer a brief description of the manner 
in which the company has worked out this problem. 


GENERAL ARRANGEMENT OF CONVEYORS 


It is difficult to concisely describe the system with its inter- 
locking features so that the arrangement may be clearly grasped. 
A study of Fig. 1, which is an ideal cross section of the main 
warehouse, will greatly assist. Broadly, there is a complete 
system for transferring within the warehouse, this system 
being connected to the refinery by two belt conveyors which serve 


Fie. 1 Typicat Cross-Section oF Main WAREHOUSE SHOWING CONVEYOR Sy8STEM 
(l—Reception of raw sugar; 2—automatic weighing conveyor; 3—main raw and refined conveyors carrying raw sugar to refinery on upper belt and 
refined sugar to warehouse on lower; 4—dock conveyor No. 1; 5—conveyor No. 2; 6—Armstrong-Woodford twin-screw conveyor building up storage; 
‘—high-storage conveyor No. 3; 8—high cross-transfer conveyor; 9—high-storage conveyor No. 4; 10—rail shipping; 1l—step-down tower; 12— 
breaking down storage piles into depressed slat conveyor; 13—elevating slat conveyor.) 


3000 ft. there is a depth of 40 to 50 ft., and vessels may safely 
dock at any point for receiving or discharging cargoes. The 
main line of the Southern Pacifie Company runs on the south side 
of the refinery, where there are ample facilities for switching and 
for loading and shipping the finished product. 

The main warehouse, 870 ft. long by 290 ft. wide, and the 
auxiliary warehouse, 320 by 160 ft., have a combined storage 
capacity of 135,000 tons of sugar. Such extensive storage facili- 
ties are required because of special conditions surrounding the 
company’s business. Into these warehouses is gathered the raw 
Sugar from 31 Hawaiian plantations. With the exception of a 
short shut down at the end of the year, for overhauling, the 
refinery operates continuously at a uniform rate of 2200 to 2400 
tons per day. The plantations, however, produce the raw sugar 
during a much shorter season, governed by the ripening of the 


‘Mechanical Engineer, Construction Department, California and 
awallan Sugar Refining Corp., San Francisco, Calif. 
3 Presented at the Seattle Meeting, Seattle, Wash., August 29 to 
1, 1927, of Tue AMERICAN SocreTy OF MECHANICAL ENGINEERS. 


the double purpose of taking the raw sugar to the refinery and of 
returning the refined product to the warehouse system for dis- 
tribution to storage or to shipping points. In addition, a separate 
conveying system is provided for transporting barrels and boxes 
to the warehouse. 

Within the warehouse there are four belt conveyors and two 
depressed floor slat conveyors running from one end to the other. 
These are in turn served by four cross-belts, two inclined slat 
conveyors, and miscellaneous portable or semi-portable conveyors, 
chutes, ete., which transfer the product from one to another of 
the main units. 

Conveyor No. 1 (Fig. 1), known as the “dock conveyor,”’ 
located just below the second floor on the water front, receives 
the raw sugar from the steamers. It is arranged so that both the 
upper and the lower, or return side, may be used, thus providing 
transfer in both directions. All of the main belt conveyors are 
designed in this same way to convey simultaneously on either 
the upper or the return side of the belt. 

Conveyor No. 2 is used primarily for the refined product and 
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delivers to any desired point along the waterfront, either for 
trucking to the steamers or for storage on the first and second 
floors. In emergency it may also be used for the transfer of raw 
sugar leading to the refinery or to storage on the second floor. 

Conveyor No. 3, known as the “high-storage conveyor,’’ is 
used for delivering either raw or refined sugar to storage piles. 

Conveyor No. 4 is for distribution of the finished product for 
rail shipments. 

The two depressed floor slat conveyors gather raw sugar from 
storage and by inclined slat conveyors elevate to what are called 
the “‘main raw and refined conveyors,”’ which lead to and from the 
refinery. 


CoNnTROL 


Fig. 2 is a view of that section of the warehouse where the 
system converges for delivery to the two main raw and refined 
conveyors leading to the refinery. At this pointa “control 


Fia. 2. Principat JuNcTION Point oF CONVEYORS IN WAREHOUSE 


(Left, elevating slat conveyors and high cross-belts; center, specialty 
conveyor carrying boxes; right, raw and refined belts running to and from 
refinery.) 


operator” is placed. His station is located at a strategic point 
where he has an uninterrupted view of all the conveyors in this 
section, supplemented by telephone and bell-signal communica- 
tion with all parts of the warehouse. Here the entire system of 
32 individual units is under remote control. The specially de- 
signed control board is shown in Fig. 3. On the bench are located 
remote-control start and stop switches for all units. These con- 
trol automatic starters of the transformer and ‘‘across-the-line”’ 
type, mounted on centrally located panel boards in each section 
of the warehouse. At each switch a red light shows operation or 
a green light indicates that the conveyor is idle. Specially 
marked rubber caps, fitting over the remote-control buttons, 
indicate the combination of conveyors in a complete train. 
Above the bench are the signal and instrument panels. The 
operating signals are given by colored lights behind trans- 
parencies supplemented with bell alarms. Throughout the con- 
veying system are emergency-stop push buttons. When a 
unit is so stopped a red light automatically illuminates the trans- 
parency for that unit and a bell alarm sounds. Also, the red 
light on the bench goes out and the green light comes on. To 
prevent blockades, the control operator immediately stops the 
other conveyors which feed this unit and stands by ready to re- 
store operation on signal. In case a motor kicks out through 
overload, the transparency takes a green illumination and a bell 
alarm sounds. 

Provision is made on the panels for adding ammeters which 
will act for the control operator as indicators to show normal 
and abnormal operation, and make it possible to arrange for 
the correction of improper conditions before serious trouble 
develops. 

Wherever possible, belt conveyors are used in preference 


to the slat design. These have untroughed belts 36 in. wide, 
a width which permits the bags to lie in any position. The belts 
are seven-ply with best quality friction or cement, and are finished 
with */g-in. rubber cover, both sides. The fabric is special 
32-0z. duck, having, per inch, 26 strands of eight cords each in 
the warp and 16 strands of five cords each in the filler. 

Extensions to the system have been added from year to year, 
and it has been the practice to place the new belting on the most 
severe service, transferring the used belting to a lighter duty. 
This has so prolonged the life that there has been no discard and 
the oldest belt has now been in continuous service over twenty 
years. With the completion of the system, however, replace- 
ments will become necessary. 


Bett CoNVEYORS 


The longest conveyor is about 800 ft. between pulleys, with 
an actual belt length of 1724 ft. The operating speed is about 
250 ft. per min., determined by operating conditions and not by 
the carrying capacity of the conveyors. So far it has been im- 
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(a) Raw and refined conveyors, typical of belts traveling in one directio® 
and conveying both ways simultaneously. 
(b) Reversible belt conveyor with drive and take-up at both ends 


possible to provide a continuous stream of bags, owing to the fact 
that delivery from the steamer holds it in batches. A speed 
beyond the theoretical is, therefore, required to properly space 
the bags from these batches. Also, at the speeds employed, | 
the bags are switched off the belts with minimum difficulty. 
The longer belts are driven at both ends with the two motor 
electrically interconnected and, for heavy drives, rubber-covere 
drive pulleys are provided in tandem. The length of the belts 
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is affected by weather conditions. To compensate for this, and 
especially to take care of the elongation at starting, gravity 
take-ups are installed. On belts running in only one direction 
these are placed (see Fig. 4) at the points of least tension, on the 
upper side at one end and on the return side at the opposite end. 
On reversible belts both take-ups are located on the lower side 
and only one functions, depending upon the direction of travel. 

The belts are supported on plain rollers with hardwood blocks 
for bearings. Because of the thousands of rollers involved, an 
extensive investigation has been made to compare the standard 
with the ball-bearing types. While the latter were, of course, 
more economical as to power consumption, they failed to stand 
up under severe service. Although the hardwood bearings give 
no trouble and are exceedingly cheap, it is debatable whether 
metal journals would not be superior. 

With the system under discussion, it is, in many cases, neces- 
sary to switch containers from the belts. This is accomplished 
by means of a board diagonally disposed over the belt. When 
ina raised position the bags may pass through, but they are pushed 
off when the switch is lowered. Brands which are to go to dif- 
ferent destinations are sorted on the conveyors by means of these 
switches. 

Siat-Type Conveyors 


In the case of the depressed floor conveyors and inclined 
elevators, the belt design would be impracticable, and the slat 
type is used. Wooden slats 30 in. long by 3'/; in. by 1'/s in. are 
bolted to two strands of No. 212 Griplock roller chain which 
travel in angle-iron tracks. For strength and freedom from 
splintering, the slats are made of hardwood. As there is little 
stretch, short take-ups are suitable. Adjustments can also be 
easily secured by removal of a slat with its attachment links. 
In the case of the depressed conveyors a single scraper projecting 
beyond the surface of the slats automatically prevents accumula- 
tion in the pits of spillage from broken raw-sugar bags. This is 
scraped to the tail pit from which it is readily removed. 

On the incline conveyors, three consecutive slats in each group 
of ten are of steel plate, affording a depression so that the follow- 
ing wooden slat acts as a lifter. With this design a 50 per cent 
inclination is practicable. 

Slat conveyors for given lengths consume much more power 
than does the belt design. The longest conveyor, with the type 
of chain on which this company standardizes, is 300 ft. between 
centers, and a 20-hp. motor is required. 


DISCHARGING CARGO 


Seventeen vessels of the Matson Navigation Company bring 
the raw sugar to Crockett from the Hawaiian Islands. The 
largest of the fleet are the sister ships, Manukai and Manulani, 
which carry 14,000 tons each. Discharge is by slings of fifteen 
bags, or from 1500 to 1900 lb. The loads are dropped on steve- 
dores’ tables on the upper deck of the dock (see Fig. 1). Formerly 
all bags were hand trucked from this point over platform 
scales to the conveyor. With this method of discharge, 20 
truckers per hatch could handle but 675 tons in eight hours. 


CoNnVEYOR SCALES 


Three years ago specially designed conveyor scales were 
developed and installed, and now one man replaces the 20 
truckers. At the same time, the rate of discharge, due prin- 
cipally to the use of these conveyor scales, has increased from 
675 to 1000 tons. The total crew for a hatch consists of 22 men. 
On shore there are six table men, two weighers, and one switch- 
man; on the steamer, a foreman, a winch driver, a hatch tender, 
and ten stevedores in the hold. These scales are shown in Fig. 5. 
Four units of two scales each are installed. Usually, however, 


discharge is from two hatches only, and never from more than 
three. The conveyor is mounted on a platform scale which in 
turn is carried by a steel frame work fitted with car wheels. 
Tracks laid along the dock make it possible to shift the units, for 
spotting opposite ship’s hatches. Each unit is provided with 
jacks for accurately leveling the scale. Provision is made for 
quickly taking scale checks. A set of test weights is so mounted 
that by moving a lever they may be placed on the scale or re- 
moved. A revolving brush cleans the belt, immediately re- 
moving all loose sugar spillage; otherwise the accuracy of the 


Fic. 5 Scare Conveyor wita Canopy Removep 


weighing would be impaired. The design permits taking weights 
in transit, although with a push button control the operator 
can, when necessary, stop within a few inches. Careful checking 
has conclusively proved the accuracy of this method of weighing, 
and the weights are accepted by both the refinery and the 
plantations as the basis for purchase. 


ProGress OF MATERIAL THROUGH PLANT 


The raw sugar required for immediate process is delivered 


by the conveyor direct to the refinery, and the balance goes to 
storage. The switchman working at the end of the scale con- 
veyors operates a chute to divide the bags between the upper and 
lower sides of the dock conveyor, No. 1, Fig. 1, for the refinery and 
storage, respectively. 


The bags on the upper belt are switched to a cross-conveyor, 


from which they are delivered to one or the other of the depressed- 
slat conveyors, thence by way of the inclined slats to the main 
raw and refined belts leading into the refinery. 


This is the standard routing of the sugar, although in emergen- 


cies, caused for example by the shut down of a unit, there are 
several other combinations of conveyors which can be used. 
It is even possible to reach either of the main raw and refined 
conveyors entirely by the belt system and without the use of the 
depressed floor slats. 


The raw-refined conveyors are so named because they carry 


raw sugar on the upper side to the refinery, and on the lower 
side return the refined product to the warehouses. Fig. 4 shows 
in outline the plan of these conveyors. Duplicate installation 
minimizes the danger of complete stoppage of the flow of sugar, 
which if prolonged would be followed by a costly shutdown of the 
plant. In actual fact, however, as a result of rugged construction 
and careful maintenance, it has never been necessary to shut 
down either unit for more than an hour or two. 


Each belt conveyor discharges its load of bags to the refinery 


upon what is known as the “cut-in conveyor.”’ This is a slat 
conveyor placed at table height over a large storage bin covered 
with steel grating. Workmen along these slat conveyors open 
these bags and empty them through the grating into the bin. 


All of the raw bags are automatically counted by an electric 
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counter as they leave the belt conveyor. The discharge chute 
leading to the cut-in conveyor is fitted with a trigger which is 
deflected by each passing bag. This trigger actuates the elec- 
tric contacts by means of a shaft and cam which is returned to 
the open position by a spring. In order to avoid chattering, due 
to rebounds which would result in double count, an electromag- 
net is used. The magnetic circuit is completed through the 
cam which acts as an armature. 

Thus the bags which are placed by the stevedores on the 
scale conveyors at the dock travel a distance of 1500 to 1600 
feet with no manual handling until they reach the cut-in con- 
veyors at the refinery. 

Those bags of raw sugar which are to go into storage are 
sent by the switchman at the end of the conveyor scales to the 
lower side of the dock conveyor, No. 1, Fig. 1, from which they 
are in turn transferred by one of the high cross-belts to the main- 


Fic. 6 ARMSTRONG-WoopFORD Twin-ScREW CONVEYOR 
(Conveying from high cross-conveyor to storage pile at upper right— 
high-storage conveyor.) 


storage conveyor, No. 3, Fig. 1. At the desired destination they 
are switched off and by chute or portable conveyor carried to the 
proper point for placing into the storage pile by hand. These 
piles are carried seventy bags high, about forty feet, the bags 
being placed in an orderly manner to secure a rectangular pile, 
to which stability is given by making every fifth course a header. 


Twin-Screw ConveYoR 


Fig. 6 shows raw sugar going into a storage with the use of a 
special portable conveyor, the patented invention of two of the 
Company’s engineers. In this machine, known as the Armstrong- 
Woodford twin-screw conveyor, two parallel members of light 
tubing wound with a coarse-pitched right- and left-hand thread 
perform the carrying operations. Sections 8 ft. long and connected 
at bearing points by universal joints, permit positioning over 
irregular surfaces. The drive end consists of a motor with a 
double right and left worm-gear set. The two screws operate 
at 200 r.p.m., rotating inward, and convey at the rate of 100 ft. 
per min. Sections weigh but 55 lb. each, and the length can be 
increased quickly and easily, a section at a time, from 8 ft. 
minimum to 60 ft. or more. The conveyor will deliver downward 
at almost any angle and will elevate at from 20 to 40 deg., de- 
pending upon the shape and pitch of the thread. On sugar 
piling, two of these units have saved five men. 


CHUTES AND Step TOWERS 


In Fig. 6 the bags are shown being delivered to the twin-screw 
conveyor by a wooden chute. The elevation of the high-storage 
conveyor is 36 ft. above the floor level. In starting sugar piles 
and also for transferring from the high conveyor to floor con- 
veyors, the use of such chutes is awkward and space-consuming. 


Spiral conveyors have been used, and for fixed installations are 
preferable to the straight chutes as they require less floor space. 
This design has been abandoned, however, except for handling 
barrels and boxes. In Fig. 7 may be seen a canvas tube which is 
serviceable and has the advantage of light weight. After con- 
siderable experimental investigation, however, the company is 
gradually standardizing on “step towers,’”’ one of which is in- 
dicated in Fig. 1. This type has been used in other industries, 
both for the lowering of loose material, such as coal and rock, and 
also for sacked material. It consists essentially of curved baffles 
alternately opposed and mounted in a substantial framework. 
This appliance overcomes many of the objectionable features of 
the other types. It occupies little floor space and the baffles 
so check the acceleration of the falling bags that, in a drop of 
30 feet, the speed is not perceptibly increased. 

In completing a storage pile it is the present custom to leave 
at the top, a channel wide enough to receive a straight wooden 
chute. When the pile is to be torn down, chutes are placed so as 
to deliver the bags to the depressed floor conveyors for delivery 
to the refinery in the same manner as has been described. The 
chutes may terminate in a portable conveyor in order to reach the 


Fic. 7 SuGar 1n STORAGE 


(Above, junction of high cross and high-storage belts; below, depressed 
conveyor delivering to inclined slat conveyor; right, canvas tube for lowering 
bags from overhead conveyors.) 


depressed floor conveyor, and when the grade becomes too |o¥ 
the removal may be completed entirely with portable conveyor 
or by trucking. 

Aside from the fact that with this method a few men can hand: 
a considerable tonnage, the company believes it has _ litt 
merit. By constant investigation, the company seeks improveé 
methods which may not only be more efficient but which will als 
result in less damage to containers and will be less hazardous ' 
the employee. 

Having discussed the transfer of raw sugar from the steame? 
both to the refinery and into storage, with subsequent transfert 
the refinery, the author will now pass to the handling of the 
fined product. 


HANDLING THE FINISHED Propuct 


The last refinery operation is the sewing of the bags. Chute 
convey these to the return side of the main raw and _ refine’ 
conveyors, from which they may be sent to one of four destins 
tions. For water shipment, transfer to the dock conveyor, 
1, Fig. 1, permits distribution for direct trucking to steamers “ 
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barges, or the sugar may be transferred to conveyor No. 2 for 
preliminary storage at any point along the water front, on the 
first or second floor. By high cross-conveyors, Fig. 7, it may be 
transferred to the high-storage conveyor and delivered, as in the 
case of the raw sugar, into high-storage piles. Finally, by the 
same high-cross conveyors, it may be transferred to conveyor 
No. 4, Fig. 1, by which distribution is made through the train 
shed, either for preliminary storage or directly to freight 
cars. 

Breaking down refined sugar piles is accomplished in the same 
manner as with the raw sugar, excepting that more care is ex- 
ercised to prevent breaking of containers. 

The entire discussion so far has been confined to the handling 
of sugar in bags. This applies to all of the incoming raws and 
to about 88 per cent of the finished product. The balance of the 
output is shipped in barrels, half barrels, boxes, and cartons, 
the latter packed in wooden cases. For the transportation of the 
sugar in these hard containers an entirely independent installation 
is required, which, however, possesses no especially novel fea- 
tures. Part of the system may be seen in Fig. 2. For those 
straight-line sections which are nearly horizontal or are inclined 
upward, power-driven slat conveyors are used. Where the path 
changes direction, or is downward with a sufficient gradient, ball- 
bearing roller conveyors are used, and spirals are installed for 
dropping from one floor to another. Gravity systems, for the 
best results, should of course be designed for the particular shape 
and weight of package to be transported. However, the in- 
dividual quantities to be handled at the refinery are too small to 
justify separate conveying installations, and therefore all are 
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handled with reasonable satisfaction on the single system de- 
scribed in the preceding pages. 


CONCLUSIONS 


While many features, both of equipment and methods, which 
have been briefly discussed in the foregoing paper, are no doubt 
adaptable to other similar fields, nevertheless, the conditions as a 
whole at Crockett are so peculiar to this plant that any cost data 
would be meaningless. 

The main conveying systems have proved, generally, most 
satisfactory. The products are transferred easily and, because 
of the distances involved, it is believed at a lower cost than would 
be met with any other mode of transportation. Special auxiliary 
equipment which has been developed, such as the step towers, 
twin-screw conveyors, conveying scales, etc., have proved their 
worth. However, the company and its engineers consider that 
there is a great opportunity for further economy in handling the 
products after they leave the main conveying systems. With 
the practical completion of an extensive construction program 
which has occupied a period of years, it is now possible to give 
more concentrated attention to the refinements of this work. 

Economies may probably be secured through a more extended 
application of the twin-screw conveyor and of the step tower. 
A portable type of step tower used in combination with the twin- 
screw conveyor may prove of much value in building up and tear- 
ing down storage piles. In these and other ways it is expected 
that appreciable economies may be realized, and the engineering 
department in cooperation with the warehouse department is 
sarefully investigating this attractive field. 
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Operating Costs of Electric Industrial Trucks 
and Tractors 


By C. B. CROCKETT'! H 


The authors attempt to show how direct and indirect costs of a 
materials-handling system may be classified and estimated, and 
apply the methods described to the question of operation of electric 
trucks. The direct costs of operation are here divided into fixed 
charges and operating charges, both of which are enumerated and, 
where possible, estimated. Factors affecting the costs are likewise 
enumerated, and actual figures of cost of operation taken from 
several plants are presented, and the savings due to truck opera- 
tion pointed out. 


HIS paper has been prepared to present outstanding eco- 
| features of the subject. The authors have attempted 

to define the different costs as they are most generally 
accepted in industrial plants, to reproduce fair average figures 
from actual performance data, and to set forth sufficient actual 
records to illustrate the effect upon costs of varying plant con- 
ditions. 

The subject of indirect costs and savings is briefly discussed, 
and the major items are identified so that executives considering 
the purchase of new equipment may find here data that are of 
direct value in explaining the factors to be considered. 

Underlying the use of the electric industrial truck or tractor is 
the fundamental principle which has characterized the phe- 
nomenal growth of America’s manufacturing business, the prin- 
ciple of the maximum use of mechanical energy for every wage 
earner. Figures recently published by the Government Bureau 
of Foreign and Domestic Commerce reveal that since 1870 the 
value per worker added to goods by manufacture has increased 
397 per cent, while the mechanical energy available per worker 
has increased 371 per cent. 

Increased production goes hand in hand with the application 
of mechanical energy to manufacture. 

Modern management applies the searchlight of cost accounting 
on manufacturing processes and the handling of material in the 
plant alike. Uniformity of work, however, and similarity of 
conditions characterize the manufacturing process but are con- 
spicuous by their absence in the field of materials handling. 
Net yearly cost per unit moved is the goal which has been set, 
but that goal is difficult and well-nigh impossible of attainment. 
Costs per foot-pound or ton-mile moved are theoretically the 
most desirable, but practical limitations have made the cost per 
ton moved, cost per load moved, or cost per day more generally 
accepted units. 

Costs of any mobile materials-handling system may be gen- 
erally classified as “direct’’ and “indirect,’’ and must be given 
equal consideration. The direct charges, both fixed and operat- 
ing, are those incurred in the operation of the system itself. 
The indirect costs are those incurred in other processes or de- 
partments but which are influenced by and attributed to the ma- 
terials-handling system. 

_ The direct costs of operation of electric trucks may be divided 
into “fixed charges” and “operating charges.” 

The first group, assuming proper maintenance and properly 
chosen equipment, are independent of the type of work or number 
A * The Society for Electrical Development, Inc., New York, N. Y. 
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of hours used per day unless it be a question of 8- or 24-hour 
service, in which latter case depreciation will of course be more 
rapid. 

The fixed charges are easily defined and hence readily available. 
They include: 

1 Depreciation on Truck or Tractor is almost always the cost 
of the truck or tractor divided by the estimated life and charged 
off periodically. Truck and tractor prices vary from $1100 to 
$3800 with average lives of 8 to 14 years, the resulting average 
depreciation charges being about $300 yearly. 

2 Depreciation on Storage Battery is arrived at in the same 
manner as for the truck, a time basis being used. First costs of 
batteries vary from $250 to $1500, with a life dependent upon 
the type selected. Average depreciation charges may be taken 
as $200. 

3 Depreciation on Charging Equipment is similar to the items 
above, costs varying from $150 to $300 with lives of 15 to 20 
years. Annual charges average $10 to $15. 

4 Interest, Insurance, and Storage Charges for the above are 
usually grouped and figured as a straight per cent yearly on the 
first cost of the equipment. This figure is generally taken as 
7 per cent, being 4 per cent for insurance and taxes, and 6 per cent 
interest less 3 per cent interest on depreciation reserve. 

Operating expenses are divided in several manners, but the 
variations are of minor importance, the usual classification being 
along these lines: 

1 Power. This includes the kilowatt-hours of energy plus 
any labor charges for battery charging. The average kilowatt- 
hour rate when the charging is done on off-peak hours is about 
2 cents per kw-hr. A careful examination of the rate structure 
of the company supplying energy should be made to determine 
the net cost per kw-hr., as battery load may improve the load or 
power factor so that a general improvement is made in the users’ 
rate. Separate metering for battery charging is in general prefer- 
able. The labor for charging varies with the type of equipment 
used and must be correlated with the fixed charges of the equip- 
ment. Approximate figures for this item run about 19 kw-hr. 
hours at 2 cents an hour or 35 cents per eight-hour day. 

2 Maintenance. Maintenance is preferably divided into three 
subdivisions, namely, truck, battery, and charging equipment 
so that total costs on each item may be reached. Items gen- 
erally included under this heading are oil, grease, distilled water, 
flushing battery, small parts, tire replacements, periodic in- 
spection, and minor repairs. Major replacements or rebuilding 
should be charged against the reserve for depreciation as these 
latter will increase the life of the truck. 

Using the averages for the different items above we arrive at 
the following summary of average yearly costs: 


Depreciation of truck................ ad $300 .00 
Depreciation of battery.... 200.00 
Depreciation of charging equipment. 15.00 
Interest, insurance, and storage charges... . 245.00 
Maintenance and repairs... . 225.00 

Total equipment cost..... re ..... $1210.00 


or 50'/, cents per hour on a basis of 300-eight-hour days per year. 
It is seen that a large proportion of the cost lies in the fixed 
charges on the equipment. A graphical analysis has been made 
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in Fig. 1 of the Appendix, in which chart these costs are com- 
pared with those of gasoline equipment whose fixed charges are 
smaller but operating expenses higher. This analysis gives the 
cost per number of hours in service per year 

Quantitative data on costs are not re: adily available, but the 
following actual cases have been chosen rather because it is be- 
lieved that all direct costs have been included than for any com- 
parison with other methods or savings effected. 

Complete and accurate operating costs have been made avail- 
able by a southern firm handling marine freight. The year’s 
record for one truck and 3 men is as follows: 
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Cost per ton—~ Saving 

Old New by new 

method method method 

Damage to sheets chargeable to steel mill... $1.035 $0.261 $0.774 

Damage to sheets chargeable to railroad. 2.688 0.066 2.622 

Labor at steel mill, finishing to cars 0.19 0.08 0.110 

Labor at receiving plant, cars to storage... 0.3 0.038 0.35 
Cost of bracing, including return freight 

on bracing materials by new method.. 0.325 0.31 0.015 
Maintenance and depreciation, plant 

equipment of steel mill. . ‘ 0.05 0.04 0.01 


Maintenance and depreciation, plant 
equipment of receiving plant 
Freight-car damage 


0.04 0.03 0.01 
0 4160 0.00 0.416 


$5.124 $0817 34.307 


Production Costs All direct costs are influenced 
Tons handled Seahts 19566 Power..... 3379.10 by operating conditions. Figs 
Man-hours. .. 7367 Labor charging. . 174.22 
Labor cost..... $3502 Flush, oil and grease S203 2, 3,6, and 7 of the Appendix 
Tons per man- -hour. 2.70 Repair labor. 97.54 contain theoretical curves show- 
Repair material 54.45 fect 
Labor cost per ton.... $0,176 Total operating cost S7S7.67 ing the elect on the operat 
Equipment cost perton 0.063 ing costs of different — types 
Total cost per ton... $0.239 Track Gopteciation. ...... $150.00 of trucks resulting from  varia- 
Saving per ton...... $0,103 Battery and charging equipment de- tions in: 
preciation. Is2.00 
Interest on investment 125.00 1 Length of haul 
xe Bs. 57 ‘ . 
Total fixed charges 457 00 2 Amount of material te 


Total equipment cost 


The power costs on this installation seem particularly high, 
but this implies the heavy use of the truck. The saving of 
$0.103 amounts to $2036 annually. 

Power costs show extreme variations, and in contrast to the 
figures above are the costs of a truck operating in a steel plant 
where the power generated is a by-product of the main operation. 


Labor and repairs ie 300.00 
Truck 180.00 
Battery and charging-equipment deprec iation ; 192.00 


$708.00 


Annual equipment cost 
A foundry operating 24 electric lift trucks found the average 
yearly cost per truck to be as follows: 


Truck depreciation... . . $135.00 
Battery depreciation 97.00 
Charging-equipment depreciation 15.00 
Interest on investment. 119.00 
Power at 1 cent per kilow att-hour. 50.00 
Repair and maintenance—labor. 81.00 
Repair and maintenance—material 138.00 
Oil and grease. pees 6.00 

Annual equipment cost 3641.00 


A New England leather concern operates a fleet of electric 
trucks under severe conditions. Hauls are partly over city 
streets and partly over the slippery runways of various depart- 
ments of the tannery. Occasionally trucks drop from tunways 
to tanning vats, but without serious consequences other than 
necessity for a few hours drying out. Such conditions are re- 
flected in the costs, but to a surprisingly small degree. 


Labor for charging. ; 75.00 
Repair and maintenance material 459.00 
Repair and maintenance—labor.... 186.00 
Overhead on investment. 597 .00 


$1500.00 


Annual equipment cost. 


A large automobile concern present their costs in a form slightly 
different from that used above, but it presents an excellent ex- 
ample of those indirect savings which this company has been able 
to evaluate. These costs show a comparison between old method 


of handling sheet steel and the use of a 10-ton lift truck which was 
developed by the company for handling sheets in bundles of that 
weight. 

The figures: 


$1244.67 =52 


cents per hr. be handled 


3 Condition of runways 
4 Number and severity of ramps. 


In addition to the above, the following conditions have a de- | 


cided effect on the cost of operation. However, this case does 
not admit of any analytical treatment. 


be used in determining their influence in the choice of any typ. 


Experience will have t 


of equipment: 
5 Width of runways and available space 
6 Fragility of material handled 
7 Special requirements in handling 
8 Labor market conditions 
9 Range of uses for which equipment is employed. 

All or any one of the above factors may govern the selectir 
of the most economical equipment but it is the authors’ thought 
that the chances for a correct solution to the problem will b 
increased by a separate consideration of the component 
elements. 

Geo. F. Swain, past-president of the A.S.C.E., has often been 
quoted as saying that a most common fault of the engineer is 
the carrying out of computations to a greater degree of accurac) 
than was warranted by the data from which these computation 
were made. Nowhere is this statement more applicable that 
in the field under our consideration, as the deciding factors in the 
purchase of materials-handling equipment are often those in- | 
possible to evaluate in dollars and cents. Such a statement! 
should not be interpreted as implying that accurate cost figures 
are not valuable. They are, and when supplemented by 4 
thorough investigation into all indirect savings, they form the 
only proper basis on which to make the final decision in questions 
of this kind. 

Indirect savings effected by the introduction of a new syste 
of handling or the purchase of new equipment are most readily 
taken care of by considering them as an indirect cost of the old 
system. If interest charges on the system under considerati0 
be included in the cost and all savings are charged as costs of thi 
system where they are not realized, the difference between tot 
costs will then be the net yearly profit accruing from the change 
If interest charges are omitted the difference in costs represet! 
the annual savings which are available to meet the intere® 
charges on the new system. An outline for computations of this 
kind is included in the Appendix. 

Although difficult to evaluate, the following savings should 
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considered so far as possible in figuring the net cost of operation 
of the electric industrial truck: 


1 Decrease in interest charges on manufacturing 
and storage facilities 


Fixed | 2 Decrease in interest charges on inventories 
Charges { 3 Decrease in insurance charges on the two items 
above 
4 Adaptability of system to growth in capac- 
( ity. 


5 Decrease in labor burden and managerial over- 
head 
6 Decrease in idle hours of machines and workers 
Operating ; 7 Decrease in charges for goods broken in process 
Charges 8 Decrease in hazards to workmen 
9 Decrease in expenditures due to labor turnover 
{10 Increase in general morale. 


Offsetting these indirect savings we have the folloaving indirect 


costs: 


1 Interest on plant changes necessary? 


2 Lost production during changes. 


Decreases of insurance, goods broken in process, and hazards 
to workmen, as well as capacity for expansion, refer particularly 
to the installation of electric industrial trucks and tractors, the 
balance being applicable to mechanical systems regardless of 
type. 

In summarizing the contents of the paper we find: 


1 That in an effort to lower the cost of production, the 
mechanical handling of materials is coming into more 
and more prominence, but that variation of conditions 
makes comparative cost accounting difficult. 

2 That a fairly simple classification of direct costs is pos- 
sible. 

3 That in average installations the electric truck costs 
in the neighborhood of 50 cents per hour to operate. 

4 That in specific installations there is a considerable 
variation of cost. 

5 That the influence of operating conditions is capable of 
being analyzed. 

6 That indirect savings or costs are always present though 
difficult of valuation. 


Appendix 


THE COES FORMULA 
A$ A TYPICAL example of a method of figuring investment 
justified or savings from operation we wish to refer here to the 
formula of H. V. Coes presented to the Society in November, 1923. 
Let: 
{A = percentage allowance on investment 
= percentage allowance to provide for insurance, taxes, 
etc. 
Debit } C = percentage allowance to provide for upkeep 


Items D = percentage allowance to provide for depreciation 
and obsolescence 
E = yearly cost of power, supplies, and other items 
{ which are consumed, total in dollars 
(S = yearly saving in direct cost of labor in dollars 
Credit 'T = yearly saving in fixed charges, operating charges 
Ricties or burden, in dollars 
U = yearly saving or earning through increased produc- 
( tion, in dollars 
{X = percentage of year during which equipment will be 
employed 
| = initial cost of mechanical equipment 
Z = maximum investment in dollars justified by the 
Results above consideration 
Y = yearly cost to main mechanical equipment ready for 
operation 
V = yearly profit from operation of mechanical equip- 
ment. 
Then 
A+B+C+D 
anc 
Ve= ((S+ T+ [3] 


Feeling that handling machinery, even if left idle a large part of the 
year, would probably require, under most conditions, approximately 
the same repair through deterioration as though in use, the Committee 
makes no deduction for such lack of use in the estimated cost of up- 
keep C. If greater accuracy be considered necessary, use C multi- 
plied by X in place of C in the formulas. 

_In addition to the above items two other items may be considered. 
First, the interest earned on the depreciation reserve, which at 6 
per cent is equal to 3 per cent on the value of the investment. This 
may be subtracted from item A or D, the net being A’ or D’. 

The second item is the interest on investments. made in plant 
changes necessary before utilizing the mechanical equipment. This 
might be added as follows: 


*In one instance an e nditure of $1,500,000 for this item was 
+ found to be justifiable. 


F = yearly interest charges on cost of necessary changes to plant 
F = 0.06G (G being the investment in plant changes) 


This factor is added to the formula as it may play such an im- 
portant part in the ultimate savings. One case is known where an 
investment of $1,500,000 was made in runways, bridges between 
buildings, etc. 

Thus formulas [1], [2], and [3] above may be elaborated as follows: 

(S+ T+ U—E\)X 


—G 
A’+B+CX+D 


=1(A'+B+C+4+D) 
V = [((S+ 7+ U—E)X)—(¥ + FP) 


HOURS OF USE VS. COST 


The amount of time a piece of equipment is in service has a distinct 
infiuence on the cost of operation but not as great as many imagine. 
Many plant managers say that the high initial cost of electric trucks 
or tractors prohibits their use because the equipment would not be 
of service more than a few hours per day. Supposing a case where a 
gasoline or electric truck will replace 4 men at $3.50 per day and as- 
suming (which is seldom true) that the men can be employed pro- 
ductively when not handling material we can draw the three curves 
shown in Fig. 1 of cost vs. days per year or hours per day employed. 


EFFECT OF VARIOUS FACTORS ON OPERATING COSTS 


The following curves are presented not as accurate results of tests 
made nor are they true graphical representations of the formulas 
which follow them. They are presented as a suggested method of 
approach to the problem of selecting the most economical equipment 
operating under given conditions. 


Cost vs. Lenetu or Haut 


The first condition to be considered is the length of haul. Letting 
Y = operating cost and X = length of haul, and assuming that the 
cost is influenced by this one condition only, the following formula is 
suggested: 
xX r 

The authors have included three terms in the cost formula: 

1 The fixed charges represented by A. 

2 The cost of the equipment when idling, being a constant B 
which represents the hourly cost of the truck when stopping for short 
periods, times the time idle which is inversely proportional to the 
length of haul. The second term may then be represented as B/X. 
For hand or electric trucks B = 0. 

3 The third term is the cost of the machine when moving. This 


Y¥=A+ 
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ELECTRIC TRUCK GASOLINE TRUCK HAND, GAS, and 
2000 2000} ELECTRIC TRUCK 
> 
500 Interest, Insurance, Taxes, ete. $ 500 4. 
Depreciation 5 or dr per Day 
Truck 
Days per Year 50 100 150 290 250 500 Days per Year 50 00 150 200 250 500 Days per Year 50 100 159 109 25 ” 


Cos+ of Handling 


Fig. 1 


Cost of Handling 


OPERATING Costs vs. Hours 1N SERVICE 


Length of Hau! 


Fia. 2 


Cost vs. or 


Amount of Handling 


Fic. 3 Cost vs. AMOUNT OF MATERIAL 


ELECTRIC GASOLINE 
+ Fig. 4 Evements oF Cost 
Powe! 
4 Repairs and Ma:ntenance 
Repairs end Maintenance Idling Costs 
sxed Chorges Fixed Charges 
Lenq * th oF Haul 
BLEGTT RIC GASOLINE HAND 

+ + Fic. 5 Evements oF Cost VS | 

AMOUNT OF MATERIAL 

° 
powe! v wor 
Power 
Repairs ond Maintenance 
Repairs and Maintenance’ Cost 
Flxed Charges Repairs and Ma: 


Fixed Cho rge¢s 


Amoynt 


Materia 


A 
4 
4 
& awe trycks 
A Elect 
£ilec 
4 / 
/ 
1 
3 
T 
hi 
be 
Tu 
wi 
| 


MATERIALS HANDLING SECTION 


Ha?" c 
+ + 
Gaso//ne Trucks ° 
Oo 
re) 
Flectric 7 Electric /rucks 
a Fair Poor Bad None Slight Heavy Very Heavy 
Condition of Runways Number and Severity of Ramps 
Fic. 6 Cost vs. ConpITION oF Runways Fig. 7 Cost vs. NUMBER AND SEVERITY OF Ramps 
term is a constant C representing 
the cost per hour when running, 
corrected so that the variables re- 
maining are only the length of haul 
X and the speed of the truck rT. E L E Cc T R | Cc G A So L | N E H AN D 
The influence of speed is not seen + & - 
in the cost until the hauls are of 
considerable cost. ol. O 
The analysis of the different r 
costs is shown in the curves of Powe 
Fig. 4. Power 
Cost vs. AMOUNT OF MATERIAL epoirs and Maintenance Repairs ond Maintenance 
Fixed Charges Fined Charges 
The second condition 18 the ° = 
amount of material handled. The Condition aad 
formula and curves are both simi- . — 
lar to those for the length of haul Fig. 8 ELements oF Cost vs. ConpiITIon oF RUNWAYS 
The fixed charges are the same 
as before, the idling cost is propor- 
tional to the capacity of the truck 
and inversely proportional to the 
amount of material. The cost 
while running is proportional to ELECTRIC, GASOLINE HAND 
the amount of material divided + + o 
by the capacity of the truck. 2 ° a 
The formula is: 
M X Power 
Foner Powe 
Repairs and Ma ntenan' 
where B = idling constant ang Repairs and Maintenance 
M= capacity of truck fixed Charges fixed Charges Fixed Charges 


= amount of material. 


The curves are shown in Figs. 


3 and 5 


Number 


and Severity of Ramps 


Fic. 9 ELEMENTS oF Cost vs. NUMBER AND SEVERITY OF Ramps 


Cost vs. ConDITION oF RUNWAYS 


_The third variable influencing cost is the condition of runways. 
The cost here is influenced by the amount of torque necessary at the 
hub and varies inversely with the size of the wheel. The electric 
has to retain the small wheel for the sake of ease in handling as the 
benefits therefrom generally exceed any trouble experienced on bad 


runways. 


The curves are given in Figs. 6 and 8; the formula is as follows: 


where D 
B 
= 


x 
Y=A B 
= diameter of wheel 
= torque available 
= constant for handling on smooth 
= coefficient for runway. 


runways. 


Cost vs. NuMBER AND SEVERITY OF RAMPS 


The last external condition whose influence on cost is possible of 


any analysis is the number and severity of ramps. Considering as a 
base the fixed charges plus operating expenses on a level floor we 
may add a variable cost which is added by the ramps. This cost is 
principally one of power or more exactly one of overload capacity. 
As the storage battery has an overload capacity of 300 per cent or 
more the operating cost of electric trucks is little influenced by this 
item, being merely the extra power cost. In the case of gasoline or 
hand trucks, however, with a definite overload limit, either units of 
larger capacity (or smaller loads) or a sharp increase in maintenance 
and repairs and power will occur. 

The curves are given in Figs. 7 and 9, and the formula is as follows: 


4 
Y=A 
+B 
where A = fixed charges 
B = cost of operation on level runways 


M = capacity of truck for overload 
X = coefficient for number and severity of ramps. 
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Industry 
Automobile 


Automobile 


Automobile 


Brick 


Chemical Manufacture 


Westfield Clay Products 
Co. 


Lehn & Fink Co. 


Electric Railway Repair Milwaukee Electric Rail- 


Shop 


Foundry 


Foundry 


Iron and Steel 


Iron and Steel 


Iron and Steel 


Iron and Steel 


Iron and Steel 


Iron and Steel 


Iron and Steel 


Leather 


Paper 


Paper 


Rubber 


Railroad and Marine 


way and Light Co. 


Erie Malleable Iron 


.... Mfg. Co. 


....Can Co. 


Clinton Furnace 


Detroit Steel Products Co. 


Dilworth-Porter Co. 


E. G. Budd Co. 


B. P. Co. 


....Lithograph Co. 


B. F. Goodrich Co. 


....Terminal Co. 


Operation 
Millwright service 


Carbonizing 


General handling 


Handling from kilns to 
storage and shipping 


Handling from cars to 
storage through process 
and to shipping 


General machine-shop 
haulage 


Hauling sand, castings, 
molds, slag, etc. 


Core handling 


Tin-plate handling 


Charging blast furnace 


Handling spring parts and 
springs through plant 
and to shipping 


Handling tie plates from 
presses to shipping 


Handling crankshafts 
through forge plant 


Handling fenderstock from 
machines through cool- 
ing to pickling and from 
finishing to shipping 


Handling dies 


Handling chemicals, hides, 
stretcher frames, etc. 


Handling rolls and flat 
stock 


Handling skid loads from 
cars to storage and to 
presses 


Handling all materials 
throughout plant by 
skid and trailer loads 


Handling freight from 
dock to car or ware- 
house 


SUMMARIZED DATA ON COSTS, SAv- 


Working Conditions 


Narrow aisles, congested 
areas 


Extreme heat, 2 shifts 


Generally smooth inside 
and outside 


Rough outside runways. 
Partly over ground 


Smooth runways but 
heavy grades 


Concrete runways, small 
elevators 


Fair runways. Air filled 
with grit. Regular over- 
loading 


Concrete runways 


Fair runways, varying 
grades 


Fair runways, 52. in. 
clearance for truck 


Fair runways. Grade 9 
per cent, 34 ft. long to 
shipping level 


Concrete floors 


Fair runways but intense 
congestion grades. Hot 
loads 


Congested runways 


Fair 
Slippery wet runways. 


Narrow 


Concrete runways 


Self-opening doors, con- 
crete runways 


Underground tunnels, 
ramps, congested plant 
aisles 


Rough—inside and out- 
side 


Type Truck 
2-ton crane 


Modified high lift with 


for 


All types. Lift in ca- 
pacities to 10 tons 


2-ton standard elevating 
platform 


2-ton standard elevating 
platform 


2-ton standard high lift 
2-ton standard low lilt 
Standard tractor 


Special tin-plate  jaw- 
clamp truck 


32-cu.-ft. side-dump built 
on straight platform 
truck 


Standard 3-ton elevating 
platform 
4-wheel, 42-cell tractor 


3-ton elevating platform 


2-ton rated-capacity ram 
trucks 


High lift 

Low-lift 2-ton standard 

2-ton extra long platform, 
low lift 


2-ton high-lift standard 


2-ton high-lift trucks, 
standard tractors 


2-ton high lift 


2 Reo Motor Car Co. 
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INGS, AND OPERATING CONDITIONS 


Auxiliaries 
None 


Trestle for placing loads 
and chain hoist for 
dumping 


Skids 


70 wooden skids per truck 


100 wooden skids per 
truck. Hand lifts for 
short hauls 


200 box skids per truck 


Flat malleable skids: box 
skids and dump skids 
Special spring suspended 

trailer 


Trailers for long hauls 
1 spare battery for each 


truck 


250 all-steel skids for 
each truck 


16 4-caster wheel 5-ton 
trailers 


All-steel skids 


None 


None 
Wooden skids 
Wooden skids 


Wooden skids 11 in. high 


None 


None 


Hourly Operat- 


ing Cost 


$0.45 


0.53 


0.30 


0.60 


0.30 


Less than 0.40 


0.43 


Net Saving 
30 men 


6 men per shift 

$5 to $17 per car, net 
$4.83 

6 men 

19 men 

5 men 

4 men or more 

62 man-hours per day 

$3.50 per car handled 
once 

4 men per shift 

5 men per shift 

8 men per shift 


18 men per shift 


Cost earned once each 
month 


$112 per month 
From 10 to 18 men 
5 men 

9 men 


6 men shift 


$6300 per year 


Remarks 


This equipment is used for moving motors, machinery, etc. in order 
to take care of constantly shifting production layout. One in a 
fleet of 4 trucks. 


Approximately 50 per cent increase in effective furnace time has 
been obtained as the result of this innovation. Truck cares for 
11 furnaces. 


Skid shipment of materials to this plant from suppliers is beginning 
to be practiced. A further cut of 50 per cent is anticipated as a 
result of using higher capacity equipment. 


This truck has solved the problem of labor in a district where it is 
searce. It moves 35,000—40,000 brick a day in unit loads of 500 
weighing about 2700 lb. 


Hand lift trucks are used for transfer of materials within depart- 
ments, which cover relatively small areas. Roads are provided 
for practically all movements of the electrics. 


Truck moves 100 loads in 8.6 hours. Many unusual Jobs such as 
placing compressors under cars, handling stores in and out, 
etc. 


Trucks are in some cases 12 years old. Minimum saving per unit 
cited. At this plant 4 pot-charging trucks handle 2500 tons 
daily at a total power cost of $4. 


Breakage has been decreased and rehandling minimized. No 
difficulty experienced even in handling delicate cores. 


Impossible to cite net daily saving because load handled varies 
considerably. Equipment pronounced “eminently satisfac- 
tory.” 


Trucks work 2 shifts. One truck handles 600 tons an average dis- 
tance of 75 ft. every 24 hours. Better distribution in furnace 
claimed than by hand charging. 


One truck working on ramp and through plant, equipped with one 
spare battery, hauls 381 tons per day in "1 loads—an average 
load weight of 3.23 tons. Miles per day = 


At peak 665 tons are handled in 10 hours—a an of from 50 
to 150 ft. System is coordinated with overhead carrying equip- 
ment. Handling now involves no turnover. 


Hot, heavy fast handling. Material in process kept on skids 
from time of shearing to shipment. 500 tons handled 5 to 
10 times per day by 7 trucks. 


Equipment has relieved congestion so severe that formerly periodic 
shutdowns of entire plant were unavoidable. Damage to product 
has been minimized. 


Saving is figured, by user, to include among other items the elimina- 
tion of idle press time. Six-ton trucks are now used for this 
work in body-building plants. 


Equipment busy 8-12 hours a day. MHauls run to 1000 ft., outside. 
2500-3000 lb. represents average load. Unusual reduction of 
labor turnover in sunning yard. 


Materials are kept off floor throughout process. In some opera- 
tions old hand trucks (4-wheel) carry loads which are pushed by 
power trucks. 


Power used nearly exclusively for moving material which is kept 
constantly off floor. Skid receipt of paper stock found to de- 
crease unloading cost greatly. 


Average load for truck = 1500 lb. Trailer load, 4500 lb. Average 
material moved daily by 47 lift trucks and 18 tractors between 
9,000,000 and 9,500,000 tons. Average distance, 1787 ft. Total 
power charge on fleet per month amounts only to $175. 


Operation earning depends on length of time used. Operating 
cost verified by expert engineers. Saving cited a minimum. 
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Discussion 


C. B. Coox.* The figures which the authors use appear to me 
to be quite conservative. In view of our experience, there seems 
to be an utter lack of records of costs in handling material by 
hand rather than machine. As a result we have nothing with 
which we can start. The costs which have been mentioned have 
been entered in overhead, whereas when oneestablishes a material- 
handling department it is usually put on its own basis, and these 
costs stand out as not before. It is therefore quite important 
that every encouragement be given industry to separate hand 
material-handling costs, first, to give them importance, second, for 
purposes of comparison with other means. 


W.C. Brinton.‘ The paper brings out a thought I believe is 
important in the matter of large investments for the application 
of materials-handling machinery, such as electric trucks and 
tractors. Two or three years ago I asked for prices on the con- 
crete paving of factory yards and was quoted a figure, roughly, 
of $10,000 per acre. One large foundry on a railroad system 
has about eight acres of yard where castings are stored, and for 
some three winters, electric lift trucks have gone over the whole 
area, which is nothing but cinder-fill. I believe it is usually 
possible to work in existing factory yards and between the build- 
ings by using equipment that will suit the vards rather than 
spend $10,000 an acre for concreting them. 

Take the subject of shipping. In the shipping of castor beans, 
for instance, one man by using a lift truck now saves the work 
of about twelve men. 
carried on the men’s backs. 

In handling brick at the New York City piers the brick must be 
stored near the pier. Lift trucks are doing this work, taking the 
brick about two city blocks away from the pier and putting it in 
a place under the open to be held until needed on the different 
construction jobs. 

The accident-insurance rates have gone up recently to some- 
thing like 12 or 15 per cent of the total paid to the longshoremen 
in loading and unloading ships. It is the duty of engineers to 
show the waterfront employers, superintendents, and managers 
how machine methods can reduce accidents. 


Spencer Minter. In handling material, it is the lift part 
that is difficult. Horizontal conveying is relatively simple. The 
great, successful industries that I knew forty years ago were those 
which had really solved their problems of material handling. 
One of the can factories of Chicago which later was a part of the 
American Can Co. made cans marvelously cheaply by improved 
apparatus, an essential part of which was the shop transportation 
system. The belt conveyor was a big factor in the making of the 
Duluth grain elevator, that great place for sorting wheat. And 
in the packing houses in Chicago the progress in material handling 
has been just as marvelous. 


M. W. Ports.* With no other type of equipment than that for 
mechanical handling is it possible, when conditions change, to 
salvage so large an amount. A particular machine served by a 
lift truck may be taken out and yet one can find at least fifty 
per cent use for the lift truck with something else. This is also 
true of the conveyer. A year from now it may not be needed 
for the purpose it is now being used, but it can be put to some 
other use. 


3 Elwell-Parker Co., Cleveland, Ohio. 

* Consulting Engineer, President and Treasurer, Terminal Engi- 
neering Co., New York, N. Y. Mem. A.S.M.E. 

5 Consulting Engineer, South Orange, N. J. Past Vice-President 
A.S.M.E. 


Flushing, L. I., N. Y. Assoc-Mem. A.S.M.E. 


Heretofore the 150-lb. bags of beans were ’ 


J.C. Gitterre.’? One point of saving with the electric truck 
mentioned in this paper has come up in our plant, namely, the 
night delivery of materials with the electric truck. Practically 
all materials are delivered in the basement. We use chutes, the 
discharge of which are kept off the ground high enough to unload 
on to the skid without lifting. 

We use 3-by-5-ft. skid bins for such materials as rosin, paraffin, 
asphalt, ete. At night our electric trucks deliver these materials 
to the department where they are to be used during the day, 
This produces quite a marked saving on elevators, congestion in 
the aisleways, and the interference with the workers. An elec- 
tric truck cannot pass through a five-foot aisleway, close to the 
backs of people working on each side without their slowing up 
It can, however, at night. 

The electric truck has proved very valuable to us in the placing 
of portable equipment, such as fans, blowers, ete. We also place 
the electricians’, pipefitters’, and millwrights’ emergency equip- 
ment and supplies on skids, and in case of a breakdown they can 
be quickly taken to the work. 

Mr. Potts remarked about the flexibility of conveyor systems 
We have a beautiful example of this with the exception of a few 
curves. Every foot of conveyor equipment we had in use last 
spring has been moved, rebuilt, and put back in service. 


H. V. Cogs.’ I was particularly interested in the paper, and 
should like to see the supporting data brought out. If it is to be 
of real use to industry, we need the fundamental information 
from which these graphs are derived. Some of us may arriv 
at different conclusions, but if the supporting information is 
available, some one may find ways and means of using it to even a 
greater extent than has been presented here. 

C. H. BiceLtow.’ It is important that trucks be made heavy 
and strong enough to stand hard usage, for the class of men that 
use them are not as careful as they might be. Another questio! 
to be considered is the unit cost of power. 

Max Skvtovsky."” The company with which I am connected 
has in seven of its plants, truck and tractor equipment for 
materials-handling purposes. Three other plants of the compan) 
have no such equipment. As a result, in the seven plants § 
equipped, we have very little in the way of difficult: material 
handling problems. Such difficulties are in those plants when 
we have no such adequate equipment. We find it is more diff- 
cult to operate a plant without tractor equipment than with 
One example will illustrate this. In one plant where we former 
employed about 60 men for materials-handling work, we have nov 
reduced the force to about 18 or 20 men. It is much simpler 
to acquire and utilize apparatus than it is to place men for suc! 
a class of work. 

In one of the equipped plants we have ten electric tractors at 
five gas tractors. A year’s operation on these shows an average (! 
$840 for the electric tractors and $560 for the gas tractors 
These results do not agree with the curves shown in the pape! 
However, the gasoline tractors in this instance have been "! 
service about one and one-half years, while the average age 
the electrics is approximately eleven years. As a result, tht 
maintenance is higher on the electrics than on the gas equ! 
ment, so that it would modify the margin previously indicateé 


7 Works Engineer, National Carbon Co., Cleveland, Ohio. Me" 
A.S.M.E. 

8 Vice-President and General Manager, Belden Mfg. Co., (hicaé 
Ill. Vice-President A.S.M.E. 

® Plant Engineer, Spicer Mfg. Corp., South Plainfield, . / 
Mem. A.S.M.E. 


10 Chief Engineer, Deere & Co., Moline, Ill. Mem. A.S.M.E. 
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The question of investment is one that can be looked at from 
different standpoints. As a result of using various types of 
handling equipment, we have been able to reduce lost time and 
delays so that the factory output has been increased accordingly 
within the same areas and with the same production equipment. 
The cost of handling equipment is therefore more than offset by 
the reduction in outlay for building areas and added production 
machinery which would otherwise be needed. A further ad- 
vantage accruing in part to proper handling equipment is that of 
control of inventories. Delays in handling tend to increase the 
intermediate inventories; that is, process inventories. By a 
sufficient systematic handling plan it is possible to hold such in- 
yentories within a much smaller range than otherwise. Handling 
equipment on this account helps in the effort to control factory 
inventories, and in one instance, as a result of various endeavors 
including systematic handling of materials, the inventories were 
reduced to a 12-day supply, whereas previously a 45-day supply 
was carried. 


C. B. Crocketrr. One discusser mentioned a percentage re- 
turn on the investment and the materials-handling equipment 
having to pay for itself in a year or two years. That is a great 
obstacle to overcome. A central-station company will buy 
generating or substation apparatus if it can earn 6 per cent on the 
investment, but if one tries to sell materials-handling equipment 
to a central-station storekeeper, he expects it to pay for itself 
at the rate of fifty to one hundred per cent a year. , 

Mr. Bigelow remarked about the question of power for trucks. 
Generally electric-truck equipment is charged at night, during 
what is known as “off-peak” hours, and if anything, the use of 
electric handling equipment improves the plant load factor, 
and in that way would decrease the unit rate at which the power 
is charged. 

Any comparison of cost has a great many features in it: The age 
of equipment: are you comparing old equipment with new equip- 
ment? Have both types of equipment been in service long 
enough to be on an equal basis? Are they doing exactly the same 
type of work? Are any costs such as injuries to the workmen or 
breakdowns being prorated between the two, or charged up to 
each type of equipment? 


H. J. Payne. I think that Mr. Coes has raised the question 


MATERIALS HANDLING SECTION 


MH-50-3 9 


that is uppermost in all of your minds, namely, what right had we 
to take such liberties with these formulas. But, in connection 
with the work we have done, we say (the paper probably should 
have italicized it): ‘The following curves are presented not as 
accurate results of tests made nor are they true graphical repre- 
sentations of the formulas which follow them. They are pre- 
sented as a suggested method of approach to the problem of 
selecting the most economical equipment operating under given 
conditions.” 

Mr. Crockett and I recognized that one of the greatest ques- 
tions today in the use of materials-handling equipment is that of 
the power to put behind a motor truck. We have made studies 
covering two hundred plants. About twenty-five different types 
of gasoline and electric trucks are being used. There is some- 
thing lacking in our data in the case of every study we have made. 
We have attempted to get all the facts available, and I think in a 
great many cases we have, but all the facts put together did not 
seem to us to justify making a curve and saying that it was the 
last word on the subject. 

However, we do feel we have isolated four factors that underlie 
that proper choice of power to be used. As to Mr. Sklovsky’s 
question in connection with these curves, Fig. 2 shows the cost 
vs. length of haul. Here we are forgetting there is anything 
to consider except the distance over which to move the material. 
We show that the hand-truck cost goes up rapidly. That is 
largely labor. The gasoline-truck curve starts to rise rapidly 
and then runs along at a uniform, moderate slope. The reason 
for that first curve is the fact that on very short hauls the gasoline 
equipment loses much time in starting, and on short hauls it 
spends a large proportion of the day in idling. On longer hauls 
there are not so many stops. Therefore, for the reason of very 
short hauls, the curve suggested for gasoline equipment rises 
rapidly. 

With the electric truck, we show at the start a cost much 
higher than for the hand truck, because we are carrying higher 
fixed charges there, and then at a distance not defined but which 
we believe is in the neighborhood of 1000 ft. in many cases, the 
curve rises very rapidly, and later it is entirely out of proportion 
with the gasoline curve. I would assume that the reason for 
Mr. Sklovsky’s views on both types of equipment is that he has 
found for certain types of work certain of these factors are im- 
portant, and more or less force the use of one type of equipment. 
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The author surveys the materials-handling problem of a plant 
from eight angles: the design of building and arrangement of 
equipment, the weight of material handled per pound of finished 
product, the elimination of hand labor, the effect of the materials- 
handling methods on inventory, the effect on increased output of 
the worker, the design of the product to facilitate handling, the se- 
lection of the handling equipment, and attempts to facilitate handling 
in shipment and in customer's plant. Examples of good and bad 
practice are quoted, and illustrations of some are included. 


from many different angles, and it is safe to say that 

from whatever angle this problem is considered it stands 

out as one of the most important factors in influencing the 
costs of production and distribution. 

With the ever-narrowing margin of profit in manufacturing, 

careful study is made of all the possible ways of reducing costs. 


= handling in the plant may be considered 
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head, and in segregating these it is found that the cost of han- 
dling the materials and tools in the plant is of greater importance 
than has been realized by the majority of executives. It has 
been truly stated that materials handling forms a large part of 
the so-called “hidden’’ costs of production, for there are very 
few firms which segregate and keep an accurate record of their 
handling costs. 

In making a careful analysis of the materials-handling prob- 
lem of a plant with the idea of attempting to make improvements, 
the chief motive is, of course, the ultimate reduction of the manu- 
facturing costs. There are, however, a number of angles from 
which the survey can be made so as to bring out the possibili- 
ties: 

1 From the viewpoint of the influence of the materials- 
handling problem on the design of the building and on the 
arrangement of the production equipment. 

2 From the viewpoint of the total weight of material and 


Fic. 1 Tue Cincinnati Macutne Company Hanpies Its Castines on Lirt-Truck Skips THE Time THEY ARE 
teceIveD UntTin Taey Are aS CompLeTepD Macuines. THe AsseMBLY FLooR Is SHOWN IN PHOTOGRAPH 


It is natural that first attention is given to improvement of 
manufacturing processes and methods. As a result, develop- 
ment in these directions has reached a stage where it is now gen- 
erally difficult to produce further spectacular savings, hence a 
broader analysis of all the factors which relate to production 
must be made in order to find other possibilities for reductions 
in costs. Savings in the cost of materials have received their 
share of attention, notably the salvaging of by-products and 
former wastes. Remaining for investigation, then, are those 
elements of cost which are usually classed as manufacturing over- 


' School of Engineering, Princeton University. Mem. A.S.M.E. 

Contributed by the Materials Handling Division and presented 

at the Annual Meeting, New York, N. Y., Dec. 5 to 8, 1927, of THE 
RICAN SOCIETY OF MECHANICAL ENGINEERS. 


equipment that must be handled to produce each pound of 
finished product. 

3 The elimination of hand labor so far as possible. 

4 The influence of the existing and the proposed methods 
of handling on the inventory, which includes a study of the methods 
which will make it possible to keep the material moving, so as 
to obviate the material’s standing idle for lengthy periods be- 
tween the various production operations. 

5 To increase the output of each worker by delivering the 
material to him as fast as he can use it, and also to increase the 
size of the loads where consistent. 

6 A study of the product from the viewpoint of designing 
it to facilitate its handling. 

7 The selection of the proper handling equipment: 


‘ag 


1 


a To provide economical handling of material from one 
place to another 

b To provide safety for the operator of the equipment, as 
well as for other workers of the plant. 

c To facilitate coordination of the handling equipment 
with the production equipment of the plant as well as 
with the handling methods in the other departments 
of the plant. 

8 To facilitate shipment of the finished product to distant 
customers, and to facilitate handling in the customer’s plant. 


INFLUENCE ON DESIGN OF PLANT 


Referring to the influence of materials handling on the design 
of the plant building, it is interesting to note the change in pro- 
cedure which has taken place in starting a new plant. Not many 
years ago, when a new plant was started it was customary first 
to construct the building, and after its completion the machinery 
was arranged to fit the structure. Later it became common 
practice to make a careful study of the desired machine arrange- 
ment before building the plant, and then to build the structure 
around this predetermined layout of equipment. The present 
method, however, is first to study the materials-handling prob- 
lems, then to plan the proposed arrangement of equipment, and 
finally to design and construct the building to meet the require- 
ments of both. This change is indicative of the growing recog- 
nition of the important part which materials handling plays as 
a factor in production. 

Materials-handling methods are often an important factor 
in conserving floor space. There are many instances on record 
where the erection of new buildings has been rendered unneces- 
sary through the adoption of improved methods of handling 
and storing materials. In a large gas-engine plant, after pro- 
gressive assembly and a conveyor system were introduced, only 
about one-third of the floor space in the plant was required. 


WEIGHT OF MATERIAL 


The second angle of investigation deals with the total weight 
of material and tools that has to be handled in the plant to pro- 
duce each pound of finished product. This total weight is very 
high, and any improved methods of manufacturing or of material 
handling which reduce this will naturally result in lowering 
the cost of the product. In the foundry of the Blake and Knowles 
Works of the Worthington Pump and Machinery Corporation, 
for example, a careful analysis was made, and it was determined 
that 152 tons have to be handled for every ton of brass castings. 
For making one ton of iron castings, 206 tons of material have to 
be handled. These figures include the handling of the metal to 
and from the melting furnace, all handling of the materials used 
in core making, handling of sand equipment in molding, han- 
dling in the processes of cleaning and snagging, and delivery to 
the shipping room. Likewise, in the machine shop, or in any 
other plant, it is apparent that the total weight of materials 
and equipment that must be carried and lifted in order to produce 
a pound of finished goods also reaches a surprisingly high figure. 
A casting to be fabricated in the machine shop, for instance, has 
to be unloaded from the freight car or motor truck into the 
receiving room; usually it has to be lifted to be inspected; it 
has to be moved to the stock room or place of temporary storage; 
it has to be drawn from stock and then moved from machine to 
machine, from one operation to the next; it has to be lifted in and 
out of the machines; it has to be handled in the assembly and 
painting, testing, and preparation for shipment of the finished 
machine in which it is used; and finally it has to be loaded on the 
freight car. But that is not all, for many tools and pieces of 
equipment have to be handled, as well as quantities of supplies, 
to produce the part. 
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Naturally, the simplest way of cutting down the cost of ma- 
terials handling is to eliminate manual handling as far as possible. 
If time studies are made in connection with making the inves- 
tigation of the weight of materials that has to be handled to 
produce a single pound of product, one is again impressed with 
the shortness of the actual fabricating operations as compared 
with the total time involved. Some such time studies are reported 
which show as low as 10 to 15 per cent of the total time used in 
actual fabrication. The other 85 to 90 per cent of the time is 
used in handling the part, as well as tools, equipment, and sup- 
plies which are to be used on the part. 

An analysis of time studies of this kind will sometimes suggest 
the elimination of some of the handling, and may further lead 
to the adoption of electrical or mechanical means of replacing 
manual handling. 

INFLUENCE ON INVENTORY 

Another angle from which materials handling affects costs is 
in its influence on the inventory of stock in process. If the 
material can be kept moving, without delays, from operation to 
operation, it is possible to run the plant on a much smaller 
inventory, which results in a reduction of invested capital and 
increases the yearly profits on account of the increased turnover 
of the materials. 


DELIVERING MATERIAL TO WORKER 


The fifth study—to increase the output of each worker by 
delivering the material to him at the rate at which he can use it— 
goes hand in hand with the fourth, which has just been considered 
In many plants there has been a substantial increase in the 
output as a result of the elimination of the waiting for materials 
Where the product is of such a nature that conveyors may be 
employed for delivery of the material to the worker, the con- 
veyor serves as a pace setter and usually shows an increase in the 
output. In plants such as dyeing establishments it is sometimes 
possible to increase the size of the loads to be handled by in- 
stalling improved handling equipment, thus increasing the 
worker's output without an increase in manual effort required 


Design TO FaciuitaTE HANDLING 


The handling of a heavy or bulky article should be kept 
mind when it is designed. Lugs provided on heavy castings wil 
greatly facilitate handling by crane. The supports of machines 
can just as well as not be designed so that the machine can be 
picked up and carried by an electric or hand-operated lift truck 
Likewise safes, cabinets, and articles of similar nature can be 
built with sufficient floor clearance to accommodate a lift truck. 
Another way to facilitate the handling of boxes, barrels, and 


other loads is to secure feet to them, to allow the proper floor | 


clearance for the entrance of a lift truck. In similar manner the 
part may be designed to be handled by other types of equipment, 
greatly reducing the labor required. 


SELECTION OF HANDLING EQuIPMENT 


The selection of handling equipment is too far-reaching in "'§ 
effects to be done haphazardly. It is not always a simple matte? 
to decide which type of equipment is best suited to a handling 
problem, because sometimes it would appear as if any one “ 


several types would serve equally well, whereas a thorough analy- i 


sis of all the influencing factors by an expert who is not parts | 


to any single class of equipment will usually show that one of th 
several available types will have definite advantages over the 
others for the particular problems at hand. Each type © 
handling equipment will be found to possess certain advantag® 
for certain conditions, and there is no single type that will serv’ 
as a panacea for all handling problems—notwithstanding the & 
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tensive advertisements of some manufacturers of handling equip- 
ment. As previously stated, it is best to have the final selection 
of handling equipment made by an expert who is not partial to 
a single type of equipment. Some plants place such a man in 
charge of all materials handling, and in some of the larger plants 
the materials-handling department is well organized and the 
equipment is scheduled to jobs on a time-study basis and the 
operators are paid on a piece-rate or bonus basis. Smaller 
plants may not be able to afford the services of a materials- 
handling specialist. In that case it is suggested that a con- 
sulting specialist be called in occasionally to make a thorough 
and impartial analysis of the existing handling methods and to 
make suggestions. In most plants wasteful handling conditions 
are allowed to exist because it is no particular person’s duty to 
correct them, and often those who know better allow such con- 
ditions to continue simply because they have existed for a long 
time and no especial thought has been given them. Not long 
ago the author visited the foundry of a well-known manufacturer 
and was surprised to find that whenever a mold had to be lifted or 
acore placed in a mold, the molder had to call four or five other 
molders from their work to help him. A hand-operated crane 
or a couple of jib cranes provided with chain hoists would have 
paid well for themselves. In another plant seven men were 
observed lifting heavy beams to the ceiling and holding them in 
place while other men secured them. If there were a materials- 
handling specialist in the plant he would undoubtedly have made 
use of the portable elevator, which was standing idle in the next 
department. One man, with the elevator, could have taken the 
place of the seven men referred to. In a third plant, which 
incidentally produces labor-saving machinery, about seven men 
were required to move the completed machines to the shipping 
room-—-and it was a long and laborious struggle. With hand 
lift trucks that were available in the same department of the 
plant, the machines could have been moved by two men in a 
fraction of the time, as is done in other plants of a similar nature. 

One of the most essential requirements for a handling system 
is that it provides economical handling from one place to another. 
Sometimes, however, this requirement is secondary to other con- 
siderations. For instance, in one of the large tire factories at 
Akron it developed that the reason for installing a very extensive 
system of conveyors was not so that the handling from one place 
toanother might be accomplished at lowest cost by this method, 
but because of the fact that work could be performed on the 
product while it was being moved. It was stated, in fact, that 
there were other available methods which would do the handling 
at lower cost. 


SAFETY 
More important even than the consideration of handling cost 
is the provision of safety to the operator of the equipment and 
to the other workers of the plant. In general, any equipment 
which reduces the manual handling will greatly decrease the 
number of accidents, In this connection it is suggested that more 
firms establish the policy of providing critical inspection of all 
handling equipment and its use, from the viewpoint of safety. 
Insurance records show that a large percentage of injuries is due 
'o falling objects—very often material falling from handling 
*quipment. The Gleason Works and other firms find that it 
Pays to place the responsibility for this inspection on a capable 
engineer. Special study is made of the proper way to arrange 
loads of material on the various types of equipment so as to elimi- 
nate the likelihood of accident. In the selection of equipment 
8 also well to look for attachments which make the equipment 
foolproof.” Consider, for instance, the electric industrial 
truck. It is now general practice to interconnect the brake and 
controller so that the danger of accident is greatly reduced. 
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In order to operate the controller, the operator must hold the 
brake pedal in a depressed position against the action of a spring. 
Suppose the truck is running along at full speed and the operator 
for some reason becomes frightened, and jumps off the truck. 
The brake will automatically be thrown into action and simul- 
taneously the electrical contact in the controller will be broken. 
Suppose the operator now returns to the truck and depresses 
the brake pedal while the controller handle is still in the running 
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position. The truck will not start. The controller handle must 
be returned to the neutral position before electrical contact will 
be made, and the machine has to pass through first and second 
speeds before it can be thrown into third. 


COORDINATION AND FLEXIBILITY 


Another point to consider in selecting handling equipment is 
the possibility of coordinating it with the other handling equip- 
ment of the plant as well as with the production equipment. 
There are plants where different types of handling equipment are 
employed in the various departments, with the result that there 
is considerable waste of labor in transferring the loads from one 
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department to another. Most types of handling equipment can 
be coordinated to use with other types. Usually some way can 
be devised of handling the same load by the different types of 
equipment without involving any manual handling in making 
the transfer. Flexibility is sometimes an important point to 
consider in selecting handling equipment—flexibility from the 
viewpoint of being able to employ the equipment in all parts of 
the plant, under low ceilings and balconies, on and off elevators, 
and in congested aisles. As previously stated, there are many 
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things to consider in making a selection, there being hardly any 
two installations which face exactly the same problems. Even the 
matter of fire-insurance rates is influenced by materials-handling 
methods. In a number of instances insurance rates have been 
lowered upon the introduction of the lift-truck and skid method 
of handling. The explanation for the rate reduction lies in the 
fact that this system allows for rapid removal of the stored prod- 
uct, thus decreasing the damage resulting from the operation 
of fire sprinklers. Also, the loads being at skid height above the 
floor, the liability of damage from the wet floors is reduced. 
RETURN ON INVESTMENT 

One of the important questions which is asked when the pur- 
chase of handling equipment is proposed, is, ““How long will 
it require to pay for itself?’ There is considerable divergence 
of policy among firms as to the answer to this question. Some 
firms require that the period be less than a year; others fix it at 
two years; while some are satisfied if the annual savings in 
production costs which result from the purchase can be shown 
to be greater than the annual charges against the equipment. 
One large company makes it a rule to require the new equipment 
to pay for itself, in labor saving alone, within a year. There 
may be additional large savings which result from the use of the 
equipment—such as in floor space, cutting down inventory, 
reduction of accidents, reduction of breakage of materials, and 


increased production-—but the savings in labor alone has to pay 
for the equipment in the allotted time. Few firms keep accurate 
cost records of their materials handling, and it is therefore usually 
impossible to say exactly what savings have been accomplished 
through the adoption of a new piece of handling equipment, 
other than to state that the labor item has been reduced by a cer- 
tain amount. Spectacular savings have resulted from the in- 
stallation of each of the many types of handling equipment. — In 
some plants new conveyor installations have returned annually as 
high as 100 per cent on the investment. In other plants the wages 
of a man were saved for each air hoist introduced in a particular 
department. Reports on many electric-truck installations show 
a saving of the wages of from three to five men for each truck em- 
ployed. There are other reports of large savings resulting from 
the use of portable elevators—in one instance a saving of $2200 
a day. Reports from many users of hand lift trucks indicate 
that each truck saves the wages of one man—about $1300 a vear 
not including the other savings mentioned in this paper. 


Surppinc Meruops 


The last of the viewpoints from which the subject is considered 
is that of coordination of handling in the plant to the shipping 
methods. An example is the rapidly growing practice of shipping 
goods to distant plant on lift-truck skids. This method of ship- 
ping was first tried by the pulp manufacturers. The pulp was 
loaded into freight cars on lift-truck skids, saving considerable 
labor in loading the car and also in unloading and handling the 
pulp at the paper mills. This met with such success that the 
idea has been applied to the shipment of sheet paper—prin- 
cipally coated paper. The load is securely strapped to wooden 
skids, otherwise there would be likelihood of the paper sliding off 
the skid during transit. Some firms make up inexpensive wooden 
skids which are not returned to the shipper. Other plants are 
experimenting with a more permanent skid of which the cost 
warrants return for further use. This method of shipping has 
been extended to the shipment of sheet metal, which is loaded 
and strapped on skids similarly to paper. Products such as 
electric control boards and machinery are also being shipped on 
skids, and it is expected that this method will be extensively used 
within a few years, accomplishing enormous saving in time and 
labor of loading as well as a reduction of breakage. Some firms 
are now specifying that shipments come to them packed this way, 
and go so far as to send to shippers a set of printed instructions 
as to how to arrange the loaded skids in the freight cars so as to 
facilitate unloading, and also as to the dimensions of the skids 
to be used. 

The importance of materials handling as a factor in production 
is unquestionably realized by management today, and con- 
siderable attention is being given to the improvement of existing 
conditions and methods; but only a beginning has really been 
made, and large opportunities for big reductions in costs still lie 
latent in this direction. 


Discussion 


G. E. HaGemMann.? Progress is rapid at present in the mate- 
rials-handling field. The engineer is essentially the man who 
has the facts within his control and who is going to say how far 
this progress in materials handling shall continue? He is the 
only man who can keep in touch with new developments in equ!p- 
ment. It therefore devolves upon the Materials Handling Di- 
vision more than on any other group to suppori the progress in 
that line of work and cut down the three billions or more of 1038 
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that industry is suffering annually because of inadequate and 
antiquated methods of handling material. 

Materials handling today is far in advance of what it was ten 
years ago, and in the next ten years we shall certainty see a far 
more remarkable development. However, many plants will 
never buy handling equipment until the idea has been ‘‘sold” 
to them. 

A small plant stands as much chance to save as the big one 
worth one hundred million dollars. We must remember, how- 
ever, that we not only have to install the correct equipment, but 
also we have to make sure that we get the full use of it when it 
goes in. Further, a good deal of psychology must be employed 
in materials handling to get the workmen and supervisors to use 
the equipment properly. They can hardly be expected to do so 
all by themselves. 

The Materials Handling Division of the Society has probably 
the biggest opportunity of any division for growth and develop- 
ment at the present time. We can point out how to save millions 
and millions of dollars a year that are now wasted in industry. 
The engineer should be a good lawyer to argue his case, a good 
salesman to sell the idea to the plant manager, a good economist 
to measure facts rightly, and a good cost accountant to state the 
financial facts logically and convincingly. If he can do this, 
there is no end to the amount of money that can be saved. 

There is no plant in the country today that cannot next year 
reap anywhere from a ten to one hundred per cent bigger return 
on its investment in handling equipment through restudying its 
problems and bringing its methods and equipment up to date. 


A. L. Lewis.’ Because the writer is a manufacturer of lift 
trucks, stackers, platforms for lift trucks, barrel racks, and special 
designs of caster trucks, he believes his most worth-while contri- 
bution to the discussion will be to tell of concrete cases in ten 
major groups of industry where his concern’s products have 
been installed and the savings effected. 

1 Chemicals, Paint, Varnish, Etc. Company uses a lift truck 
for handling tote boxes 36 in. high and 36 in. wide which are in- 
serted under a hopper and filled with a finely powdered chemical. 
The hydraulic-jack mechanism of the lift truck in question is 
such that the truck frame can be elevated and yet stopped at the 
right height to make the top of the tote box and the bottom of the 
hopper a pressed fit, which is necessary to prevent the material 
from filling the air. 

2 Food Products. A branch of a well-known packing house 
uses lift trucks for handling crates of eggs. One man trucks 
from the freight car to the elevator and another on the lower 
floor from the elevator to storage. The time now is 40 working 
minutes. The previous time was 240 working minutes. When 
unloading cars of produce, two men pile it on platforms and another 
with the lift truck hauls it into the plant. Another concern 
stacks barrels of fruit three high in its cold-storage room, and 
the saving in floor space and labor thus effected more than paid 
for the stacker used in a very short time. 

3 Iron and Steel Products. One concern uses hand lift trucks 
on each floor to take loaded platforms off the elevator. Later 
these loads are distributed where required by electric lift trucks. 
This method has increased the tonnage handled by the electric 
lift trucks very considerably, and is illustrative of how an inex- 
pensive unit like a hand lift truck can increase the earning power 
of an expensive unit like the electric lift truck. 

Another concern, which originally bought a stacker for piling 
filled boxes of rivets in storage, wrote that the machine had prac- 
tically paid for itself during the equipment of its new building, 
because of the labor it had saved in hanging motors and shafting. 
_4 Leather Products. About a thousand hides can be stored on 
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a platform, whereas not over 200 can be stored on the wooden 
horse that it has been the custom to use. The saving in floor 
space is consequently considerable, and one company states that 
the saving made by using three hand lifts amounts to over $10,000 
a year. 

5 Lumber. 
manufacture of kitchen cabinets by placing a wooden platform 
at the freight-car door and piling panels upon it. The platform 
is then raised off the car floor by a stacker and hauled away to 
the storehouse. Two men less are required on the job. 

A manufacturer of casters uses hand lift trucks to handle the 
lignum-vitae, of which the casters are made, and which comes 
to them in four-foot logs, about 6 in. in diameter. Rack plat- 
forms were built and the logs are dropped from the railroad car 
to the racks. The wood is so heavy that a 4-ft-high load is all 
a man can haul. The trucks handle these racks and make a 
one-man job of what formerly was accomplished with difficulty 


One concern unloads veneered panels used in the 


by two men. 

6 Paper and Printing. A large metropolitan newspaper is 
using hand lift trucks in the color-press department where the 
magazines and comic sections are printed. These sections are 
printed about a week in advance, and as they come off the presses 
are tied in bundles and placed on platforms 32 in. wide by 36 in. 
long where they are stored until made a part of the regular edi- 
tions. The trucks and platforms save at least two handlings 
and materially speed the deliveries. 

A paper mill uses a stacker for piling rolls of paper and boxes 
of paper to a height of 12 ft. in the storeroom. The rolls are 
trucked along the floor with an ordinary two-wheel hand truck, 
and dumped on to the elevating platform of the stacker. In 
this way the work is done with half as many men and half the 
time formerly required. 

7 Rubber. A rubber company uses hand lifts for handling 
box-carton material. This comes into the storeroom by chutes 
and is piled on platforms and then moved by hand lifts to the 
storage space. When needed for printing the right sizes are 
picked out by platform loads and taken up to the press room. 
As the sheets of box board come off the press, they are placed on 
platforms and moved by hand lifts to the fastening machine 
which secures the sides and ends together. The lifts and plat- 
forms have been found superior to a conveyor. 

8 Stone, Clay, and Glass Products. One concern uses a stacker 
for piling bath tubs four high instead of standing them on end as 
formerly. More than double the number of bath tubs are now 
stored on the same floor space, and this has paid for the stacker 
many times over. 

A pottery company uses 10 hand lifts in two of their processes 
as follows: (1) After the pottery ware is sanded in the green 
room, it is put on boards about 6 ft. long and then placed on peg 
racks mounted on platforms. There are about 12 boards to a 
rack. The kiln man then takes it to the kiln. Then the ware 
is taken from the boards and placed in saggers (clay receptacles 
or crucibles). The ware is then put in the bisque kiln which 
fimshes this operation. (2) After the ware is dipped and glazed 
it is put through the drier, placed on boards, and then 16 boards 
are put on each rack. The truck then takes the loaded rack to 
the gloss kiln. The old method was to have a man take one 
board at a time to the gloss kiln after the dipping. The men 
are on piece work but the management figures that the lifts 
still make money for them by increasing the amount of pieces 
produced each day. 

9 Textiles. One dye works uses a stacker to hoist rolls of 
cloth up to shelves. Each roll weighs about 150 lb. Formerly 
these were piled only two tiers high. Now the highest is about 
9 ft. from the floor, more than doubling the storage space avail- 
able, which alone would be abigitem. Further, four men were 
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formerly required to do the work that is now done by two men, 
and by one at times. 

In another dye house hot dyestuff in metal barrels is moved 
about on platforms by one man. Previously two were required 
to move these barrels, and they were occasionally scalded by 
hot dye slopping over. 

10 Warehousing and Distribution. In one cold-storage build- 
ing when fruit arrives by freight car, steel-leg platforms taken 
into the car and loaded, are hauled on hand lifts to the 
elevator, hoisted to the next floor, and then carried into the 
cold-storage room. Here a stacker picks up the loaded plat- 
form and hoists the load to a shelf where it is unloaded. The 
fruit has only been handled once. Three men now do what 
formerly required six. 

An ice and cold-storage company uses lift trucks in the place 
of ordinary four-wheel trucks in handling crates, baskets, barrels, 
etc., that arrive at its warehouse by truck, wagons, and freight 
cars. Here the platforms and lift trucks are not used to save 
rehandling, and yet pay. It formerly cost about $100 per year 
for new casters on ordinary four-wheel trucks, and the lifts and 
platforms save this expense as well as speed up the unloading 
of automobiles, wagons, and freight cars, as they keep on hand 
a lot of platforms and the men are not idle waiting for ordinary 
four-wheel trucks to be unloaded and return again to be loaded. 

The next two or three years will demand efficiency in manage- 
ment. There is no greater opportunity, the writer believes, to 
effect savings than by reduction in the present cost of handling 
materials. 


M. W. Ports.‘ The author mentions safety. Material- 
handling equipment greatly increases the safety factor in a plant. 
It eliminates the accident hazard. Engineers should vigorously 
oppose the idea that material-handling equipment has to pay 
for itself in six months or a year. No other piece of equipment 
is bought on that basis. It is true in most cases, but it should 
be allowed two years or even more to pay for itself. 

Six years ago the speaker recommended a certain installation of 
material-handling equipment in a plant in which he was working. 
The other day he had the pleasure of quoting them prices on 
equipment amounting to $13,000. The company has been losing 
$8000 a year for six years—$48,000 in all, which would have 
paid for the equipment two or three times. 


W. C. Srevsinc.* When American industries first adopted 
the lift-truck system for their production departments and found 
that they saved up to 90 per cent of their former costs of han- 
dling, they extended its use to shipping on skids. They reasoned 
that if such great economies could be accomplished for inside 
transportation it could be tied up effectively with outside trans- 
portation. The principle involved was the elimination of un- 
necessary loading and unloading or rehandling. 

Outside transportation, which included handling of materials 
at terminals, has been very costly. For example, the New York 
Central Railroad as a water-level route reported that it cost the 
road 74 cents to move a ton 250 miles, 75 cents to handle 
that same ton in loading on to the cars, and 75 cents to unload 
it—two-thirds of the cost being involved in the handling of the 
materials and only one-third in the actual transportation thereof. 

The paper mills were the first to recognize the savings that 
could be effected for the consumer by tying up the lift-truck 
system with outside transportation. The Champion Coated Paper 
Company, of Hamilton, Ohio, inaugurated the idea for the ship- 
ping of their paper on skids. At first they used a substantial 


skid or platform that was to be returned to them, and invoiced it 
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to the consignee on memorandum account at $25 per skid. Later 
they shipped their paper on nailed wood skids, with the load 
wrapped and strapped to the platform. The skid was made 
the exact size of the sheets, for better protection and closer 
packing in the cars. Formerly a case cost the company $4. 
The nailed wood skid cost them $2.50, but they could stack two 
and one-half times the load of a case on a skid, the relative cost 
of cases therefore being $10 as compared to a skid at $2.50. 

But the greatest saving resulted through quick handling, it 
requiring but 40 per cent of the time to load a car with paper 
on skids as compared to loading in cases. Furthermore, it was 
possible to get the maximum weight in a car, reducing the freight, 
and as large sums were saved by the company in loading their 
material in this manner, it was in many cases able to reduce the 
price of its paper from one-fourth to one-half cent per pound to 
the consumer—aside from the economies the consumer effected 
by quick unloading of cars. The nailed wood skid was but a 
temporary unit for quick shipment, and was eventually replaced 
by the paper consumer with a more substantial skid. Various 
mills now ship their paper on skids to warehouses and consumers 
in various parts of the country. 

Sugar is now being shipped on skids from Cuba to Atlantic 
seaports, but in this case a substantial platform is used so that 
the skids can be lifted into the hold of the ship. At the docks 
and warehouses the loaded skids are handled by heavy-duty 
lift trucks, and from there distributed to consumers. 

The Great Lakes Navigation Company is effecting an enor- 
mous saving by handling of commodities that will pack closely 
on skids. The steamship companies recognize that their great- 
est cost arises where a ship is unnecessarily tied up in harbor for 
two or three days, and that their greatest gains come in actual 
transportation. 

As a result of manufacturers’ shipping products on skids, the 
railroads, which have always been slow to adopt the more modern 
methods applied in industry, have now accepted the application 
for their own use at several points. As an illustration: the C. 
M. & St. P. Ry. Purchases and Stores Division are loading their 
cars with supplies and equipment mounted on skids. Results 
show that for the coming year they will ship a tonnage to their 
various shops, terminals, etc., in 35,000 to 50,000 cars as com- 
pared to 77,000 cars during the past years. The minimum 
saving of 27,000 cars per year will effect such enormous econo- 
mies as to make the cost of the lift-truck system insignificant. 
Furthermore, their savings on man power for loading and un- 
loading will amount to 60 per cent of their former costs. They 
have adopted a standard skid that can be handled by electric 
lift trucks or hand lift trucks—the electric lift trucks being used 
at the main depot for the long hauls and the hand lift trucks 
for the short hauls. The hand lift trucks will also be used at the 
smaller shops or stations where there would be insufficient mov- 
ing to justify the electric units. Their aim is to systematize 
their whole road with this method of handling. 

The hft truck is a trackless crane, able to handle crane loads to 
any part of a building or outside, wherever there is a roadway 
to sustain that load. The orderly method of having !oads 
mounted on skids, available for quick movement, has permitted 19 
many cases the loading of cars within one day where otherwise 
it required two or three days. The method provides for quicker 
turnover of inventory with a smaller investment in stock, con 
sequently greater profit. 

One of its outstanding qualities is that it has proved to be one 
of the safest methods for handling tonnage, eliminating injury 
to operators, and preventing big losses in the handling of goods 
which has been damaged through other methods. Witness the 
shipping of sheet metal to automobile-body plants. Thes 
sheets must be free from blemish and are carefully inspected. 
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Through the lift-truck system the sheets are inspected at the 
time they leave the machines in the mill and placed upon a plat- 
form and then moved to a car and lowered away on intermediate 
supports to permit hand lift trucks to take the load and move it 
to the end of the car and place it across 4 by 4-in. stringers. 
Formerly the inspection took place in the car and each sheet 
was handled separately. With the lift-truck system the loads 
are placed close together and properly braced with 2 by 4’s. 
The method permits cars to be loaded with from 80,000 to 110,000 
lb., securing the lowest possible freight rate and safety in handling. 
One large automobile plant reported that with the lift-truck 
system they are now able to unload a car of sheets in forty minutes 
that formerly required seven hours. 

It is apparent that this system will be applied extensively in 
the coming year. Special lift-truck equipment is being produced 
by certain manufacturers which specifically solves these problems 
and reduces the handling of materials from 60 to 90 per cent 
over former methods. 


Witttam F. Hunr.* It seems to me that the paper brings 
to the foreground the very important fact that the cost of han- 
dling material is an item in unit costs which needs and should 
receive increasing attention from the factory manager. I should 
like to suggest that the author consider the advisability of em- 
phasizing in his paper another item, possibly under the para- 
graph, ‘Delivering Material to Worker,” that factor being that 
of the convenience of receipt and dispatch affected by the lo- 
cation and the ease of transfer to and from the particular manu- 
facturing operation for which the material is brought to the 
workman. 


Frank G. RayMant.’ The elimination of hand labor is re- 
ceiving ever-increasing attention in Canadian industry. With 
few exceptions production in this country has not yet reached 
the stage of progressive manufacture and assembly, but correct 
materials-handling methods as applied to the handling of bulk 
materials are resulting in unlooked-for savings. This is especially 
true where bundles made up of many small pieces are received. 
The writer can recall the recent case of a company manufacturing 
steel springs where, in unloading flat bar stock alone, the installa- 
tion of two electric cranes and a twin-hook hoist result in a saving 
of approximately $350 per month. With the increase in ca- 
pacity of the plant thus made possible, prospective business 
indicates that the saving will shortly be well over $500 per month. 
The improved method eliminates the services of over three men. 
One hundred dollars per shipment formerly allowed for de- 
murrage is an added saving due to the rapidity with which the 
cars can be unloaded. With the same floor space, storage is 
increased threefold, and by adopting an improved system of 
tagging and having the steel shipped in bundles which are left 
intact until taken to the machines, inventory is greatly facili- 
tated. A saving equal to unloading is presented in feeding the 
machines from storage. 

A similar problem in the handling of large quantities of lumber 
was recently solved by the installation of an electric gantry crane 
in conjunction with an electric transfer crane which feeds the 
humerous bays of the storage yard. Previously each stick of 
lumber was handled individually five times between the cars 
and shop, two men being required for.each operation. With 
the new system the lumber is piled in standard-size piles on the 
wagons and further manual handling is eliminated by the electric 
‘rane. The crane is used to feed the dry kilns and the three 
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floors of the shop. Storage per square foot is greatly increased 
and inventory is comparatively simple. 

Many similar cases exist where manual labor has been reduced 
to a minimum or entirely eliminated. Unfortunately instances 
still remain where a proper diagnosis of present handling con- 
ditions and the application of proper equipment would mean 
yearly savings of many times the value of the investment. An- 
other point worthy of mention is the satisfactory results to be 
obtained where the source of supply and the purchaser agree 
upon shipping material in standard-size bundles which facilitate 
handling and are a source of profit to all parties concerned. As 
the executive becomes more familiar with the indirect as well as 
the direct savings with which it is possible to increase his profits 
by increasing the efficiency of his materials handling, he will 
take a greater interest and activity to this end. 


Merritr Leum.* One point I should like to emphasize is the 
making sure on our part of such standardization of heights, and 
such possible standardization of widths of platforms as_ will 
make it possible for the machine designer to design his machine 
to fit the material-handling equipment as he finds it today, or 
as it may become improved tomorrow. 

A second point is the effect of the leaders in the use of material- 
handling equipment upon those users who are less progressive. 
The author might have carried farther his point of shipment on 
platforms by referring to certain industries and certain progres- 
sive firms where the buyers are specifying the manner by which 
the material must be shipped. I am thinking of such companies 
as the Hudson Motor Company, which, I understand, specify 
that material coming to them must come on skid platforms, and 
packed in cars in a certain way so that they may find it most 
convenient and economical to handle when it comes to them. 

A third point is the simplicity of cost figuring. Wherever 
we devise a method of figuring costs of material handling we must 
realize that method must fit the purpose of the manufacturer or the 
factory superintendent or the manager as well as the engineer. 
Unless we get our formulas simple and put them in terms that 
are quickly grasped by the man who is going to buy the mate- 
rial, then we confuse rather than help the situation. 

A fourth point is the recognition of material handling as a 
special function of an industrial plant, which should be in the 
hands of some man who is wholly responsible or at least has a 
major responsibility for such work. 

A final point is the getting together of manufacturers, and 
their agreeing on the limitations and proper fields of application 
of the various types of equipment. Unless we begin to develop 
a mutuality of interest among manufacturers, then the buyer 
will continue to be confused and disappointed when, after pur- 
chase, he find he has been oversold on a type of equipment, 
whereas another type could do the work much better. That 
situation reacts on all types of equipment, and the Materials 
Handling Division has a grave responsibility in the matter. 


J. C. Guerre.’ In the Edgewater plant of our company 
which we have rebuilt and increased in capacity about 300 per 
cent, with the exception of moving from the basement to the 
fourth floor, practically none of our material moves without 
being worked on. We have something like a mile and a half 
of conveyors, practically all roll-way conveyors. Our work 
progresses through the plant with the belt speeds close to 25 
to 30 ft. per min. with a piece of work on every foot of the belt, 
in some cases four abreast. Operations are performed on each 


8 McGraw-Hill Publishing Co., New York, N. Y. 
® Works Engineer, National Carbon Co., Cleveland, Ohio. Mem. 
A.S.M.E. 


x 
+74 
} 
j 
e 
md 2 
e 
0 x 
3 
n . 
2 
i 
\- 
e 
d. 


8 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


piece of work in practically every case just as close as the opera- 
tors can stand conveniently. 

Ours is practically a new problem, but comparing it with the 
old problem of making the 6-in. dry cell, the labor and handling 
cost is something around one-fifth of what it would have been 
under the old tray and truck method. 1 believe that one of the 
points that should have been included in the paper is “Fabrica- 
tion of Materials in Progress,’’ making nine points instead of eight. 


H. V. Cogs.© I wish that the author had brought out another 
subject that goes hand in hand and is practically a product of 
material handling. Material handling is more than just purely 
the question of handling material—if properly set up and coordi- 
nated it automatically schedules production. The great auto- 
mobile plants in Detroit do not have complicated schedule boards 
or anything of that kind. If the material does not show up at a 
certain place, it stares one in the face somewhere else. They do 
not need any record or clerks to refer to. The situation is right 
there in front of them. 

It seems to be characteristic of human nature never to arrive 
at a simple solution at the start. We ought to direct our think- 
ing toward getting things less complicated and reducing our 
repair bills and maintenance charges. Much of the equipment 
sold is not designed apparently to stand the hard usage it will 
naturally receive, and the maintenance charges in consequence 
are high. 

I should like to direct the attention of the Materials Handling 
Division to that phase of our work and to bring out concrete 
examples whereby any number of dissimilar units may be coordi- 
nated in material handling. In our plant we are using overhead 
cranes, electric trucks, gravity conveyors, roller conveyors, and 
they are operated as one system. 

We should have available more data on maintenance charges 
of material-handling equipment. Then we could aid those 
who design and manufacture equipment by bringing back to 
them what our experience has been in the actual, everyday use 
of the equipment. 

Next comes the question, ‘“‘How can we still further utilize 
material-handling equipment to automatically schedule produc- 
tion?” 


H. Bicetow.'! The economics of handling should 
be considered, because a given apparatus may be too expensive 
for the work to be done or the savings to be made. Another 
point is the geographical layout: What might be good for one 
place might be entirely unsatisfactory in another location. In 
coal handling, for example, where the coal is delivered above, 
it can be dropped by gravity to the boiler room. If, however, 
it is delivered below the boiler room it is necessary to elevate it. 

A question came up about handling steel to the shears. The 
steel comes on open flat cars, in heavy bundles. A locomotive 
crane lifts the steel up and places it in piles, from which it is 
taken by the crane to the shears as needed. The idea was to 
have a conveyor run along the end of the piles and carry the 
bars up, but the question arose as to how to get the bars 
turned around and placed on the conveyor, and the best way 
seemed to be to use the crane to lift and turn the steel around, and 
then the crane might as well run two or three hundred feet fur- 
ther and drop the steel into the shears. We did not put that 
system in, although it looked very nice on paper. 

In our plant, at present, we are using roller conveyors to slide 
the material from one machine to another in the shops. We 
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are using a portable conveyor for loading heavy scrap. We 
shovel it on. The first car we loaded cost us about 33 cents a 
ton because the material kept rolling back down the conveyor, 
requiring rehandling. By reducing the speed we found we could 
load the material into the car at 24 cents a ton. Although the 
conveyor ran slower it was impossible to overload it, and the mate- 
rial did not have to be rehandled. 


D. R. Lona." One speaker mentioned the matter of co- 
operating with manufacturers in using suitable containers to 
facilitate materials handling. In two instances by doing that 
our plant saved some money. We make paper tubes, rolling 
linoleum on them, and use about three and a half carloads of 
paper a week. In the center of the roll a couple of inches of paper 
were wasted, and on the outside, three or four layers were torn. 
So we started to use steel cores and steel bands on the edges 
of the outside of the rolls, thus cutting the loss from 10 per cent 
to 2!/, per cent in handling. 

We use considerable rosin which is shipped from Georgia in 
barrels. We used to pay for the barrels, for the freight, and in 
addition for gross weight. The loss was high because the rosin 
sticks to the barrel, and the staves are very difficult to burn with- 
out smoke. 

We cooperated with a manufacturer of tank cars, and he 
furnished us with one to experiment with. Now we are using 
tank cars entirely. The railroad pays us a cent and a half a mile 
for the tank cars, and we pay the usual freight rates for rosin. ‘The 
savings we have made are the price of the barrel, the rosin that 
sticks to the wood, and the trouble of disposing of the wooden 


barrels. 
Very often standard parts of material-handling equipment 
can be used to manufacture a special handling device. To illus- 


trate, we needed a special low-head crane, lower than any manu- 
factured at that time, and sent out specifications to four man- 
facturers of cranes. One of them sent a representative to our 
plant to see if the specifications could be changed. He learned 
that this was impossible, but in going through the plant he saw 
a piece of equipment he had furnished. This gave him an idea, 
and with it and some extra parts he made a special crane. — Each 
part used was a standard piece of equipment, but assembled in 
just a little different way. 


K. D. Hamitton.'* Shoes today are being fabricated in the 
process of transportation, and I believe in ten years many shoes 
will be made on conveyors as automobiles are made, with the 
exception of high-grade shoes and extreme styles. 

We recently installed a coal conveyor, and cut the cost of 
handling from a dollar down to six cents a ton. We were inter- 
ested in ash disposal and found that contractors will pay good 
money for cinders. Instead of putting them in the dump we 
are now making a net saving of $600 a year on the disposal of 
cinders. 

We use sixty Hudson cars for the transportation of salesmen, 
electric trucks in the plant, and lift trucks for conveying sole 
leather; we have 600 ft. of conveyor in the cutting department 
where small patterns are cut. 

This old industry, with customs of fifty years ago, is modern- 
izing, and will prove to be a very fertile field for conveyor installa- 
tion in the next four or five years. 


Tue Avurnor. A number of points which deserve emphasis 
have been brought out in the discussion. To the eight view- 
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points from which I considered the materials-handling problem 
in my paper, a ninth, as suggested by Mr. Coes, could well be 
added. It is ‘‘the influence of materials handling on the schedul- 
ing of production.”’ Materials-handling methods where properly 
planned, coordinated, and supervised will help considerably 
toward the automatic scheduling of production, thus greatly 


reducing the expense of operating the planning department. 

I am pleased that Mr. Lum referred to the fact that the field 
for each type of handling equipment is limited. Too often equip- 
ment is recommended and installed on jobs that could be more 
efficiently handled by another type of equipment. 

It is also well to bear in mind that the materials-handling 
problem is important in the small plant as well as in the large 
one. The size of the plant may have an important bearing on 
the type of equipment to be selected. In the case of the smaller 
plant which is expected to expand, the handling system 
should be such that it can be expanded conveniently as _re- 


quired, without discarding any of the old equipment and at 
reasonable cost. 

The author is in full accord with Mr. Hagemann in his state- 
ment that the goal has not necessarily been reached when the 
correct handling equipment has been installed. It is quite as 
important that the equipment be properly used and that full use 
be made of it. The author has seen many instances where the 
equipment was incorrectly used, greatly lowering its usefulness, 
and he has found many cases where the equipment was used to 
only a fraction of its full usefulness. 

The specific savings mentioned by Messrs. Hamilton, Raymant, 
and Steubing as being accomplished in certain instances due to 
the improvement of materials-handling equipment or methods 
are typical of what can be done, and it is not surprising that 
materials handling is now being recognized as an important 
aid to production and a factor in which great possibilities exist 
for the reduction of production costs. 
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Cargo Cranes—Types Available, Factors Gov- 
erning Selection, and Latest Developments 


By BERNARD DUNELL,! VANCOUVER, B. C. 


In this paper the author discusses the several types of cranes used 
on docks for removing cargoes from ships and placing the articles 
handled, that is, crates, barrels, bundles, etc., at the points desired. 
Two general types of cargoes must be handled: namely, bulk cargo 
and general cargo. The disadvantages of some of the common 
types are mentioned, and the manner in which these have been 
eliminated in later designs are pointed out. The types of loads 
best handled by different types of equipment are mentioned, and 
recommendations as to proper equipment are made. It is shown 
that, while in some cases as high as 50 tons must be lifted, the most 
popular general-cargo crane is of from three to five tons’ capacity. 
The author emphasizes the importance of proper attention to dock 
conditions in the determination of wheel loads, and therefore, the 
crane capacity, in the case of existing docks, and where new con- 
struction is contemplated the desirability of adequate strength 
to take care of the maximum load likely to be imposed. The hoist- 
ing rope receives considerable attention in the paper. The dis- 
advantages of the two-strand fall are pointed out, and it is recom- 
mended that it be avoided wherever possible. A disadvantage 
of the ordinary luffing crane is that when the jib is luffed in the load 
suspended from the jib head is simultaneously raised, resulting in 
wasted work and requiring a more powerful motor than otherwise 
would be necessary. Level-luffing cranes are described which 
overcome this objectionable feature and permit more flexible oper- 
ation. The various arrangements of compensators and counter- 
weights to permit this are described. 


HE term “cargo” covers all sea-borne merchandise and 
may be sub-divided into: 


1 Bulk cargo—grain, coal, ore, timber, oil, ete., or any 
other commodity, only one of which is carried by the 
ship on any particular voyage 

2 General cargo—merchandise of all kinds, either packed 
in containers, baled or handled loose, a great variety of 
materials going into the making of one cargo. 

It is the intention of this paper to deal only with dock cranes 
as applied to the handling of general cargoes, and not to include 
any of the special class of appliances which have been devised 
for loading and unloading bulk cargoes. In the latter class are 
included such machines as the Hulet unloader, coal transporters, 
grain elevator legs, etc. These devices are in each case designed 
for handling one particular class of material, the selection of the 
most suitable machine being determined very largely by this 
consideration only. For the work they are intended to perform 
they cannot be excelled, but their field of usefulness is confined 
to the material under consideration. 


HANDLING OF GENERAL CARGO 


In the handling of general cargo a very much broader view in 
analyzing the situation has to be taken. Diversity of shape, 
size and weight precludes the possiblity of using elevators 
or conveyors to any great extent, while the necessity of sorting 
and piling in alloted places on the wharf makes the transporter, 
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with its rather limited area of discharge, unsuitable. The trans- 
porters here referred to are those of the traveling type, but 
without a swing or radial motion; those having a radial motion 
and sometimes referred to as straight-line cranes will be dealt 
with later. 

In selecting the most economical crane for handling general 
cargo it must be borne in mind that individual pieces will vary 
in weight from a fraction of a ton up to perhaps 50 tons or over. 
The frequency with which 50-ton lifts are likely to be encountered 
is exceedingly low, also 10-ton lifts are quite uncommon, so that 
it would be out of reason to install on any single dock a number 
of cranes capable of handling such weights. The question then 
arises: What is the most economical capacity of crane to use? 
This question cannot be answered with any certainty, as no one 
can foretell what the average weights to be handled will be. It 
can be stated, however, that the most popular general-cargo 
cranes in use at present are of from three to five tons’ capacity. 

Loads above this are not so very frequently encountered, and 
should be handled by ships gear or by a heavy-lift crane with 
which every port of any magnitude should be equipped. If 
ships gear is used for heavier lifts than five tons it generally 
means that a special derrick boom has to be rigged, as the der- 
ricks usually employed will not lift such weights. Many tramp 
steamers carry on deck a heavier boom and tackle which can be 
rigged on the mast for taking extra-heavy lifts. The erection 
of this special equipment entails both expense and delay, which 
should not be required in any well-equipped port. 

In addition to considering the different weights which have 
to be handled, the great variety of sizes must be considered. 
This does not apply so much to case or baled goods, but is par- 
ticularly noticeable as regards the type of crane to be adopted 
when it comes to loading or unloading such material as steel 
rails, structural sections, iron rods, and long timbers. In lifting 
material of this nature into, or from, the hold of a ship it is 
necessary to place the slings in such a position that the load will 
assume a more or less vertical position when lifted. The result 
is that a good portion of the load will project above the hook, and 
when in its highest position will project above the hoisting pulley. 

In the case of derricking jib cranes, either level luffing or 
otherwise, this is not important, as the jib swings with the load; 
but with the transporter or straight-line crane, that portion of the 
load projecting abeve the trolley path is in danger of fouling the 
boom as the trolley is racked in or out. A slight shock to a bundle 
of rails, rods or angles will often cause the load to slip through the 
sling. 

A further point to be considered in the handling of general 
cargo lies in the fact that different consignments are often loaded 
promiscuously into the sling nets and have to be sorted as to 
marks and numbers when landed on the wharf so that each con- 
signment can be piled in its allotted place in the sheds or on the 
dock. Then again it may be required to take one class of mate- 
rial from one part of a ship’s hold and another class from 
a different part of the same hold and deliver the loads alternately 
to two separate shed doors. In order that the same crane may 
be capable of this duty it should have a wide area of pick-up 
and discharge without delay being occasioned in reaching these 
areas. 

An important consideration in selecting a wharf crane is the 
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wheel loads which the structure of the wharf will be subjected to. 
As will be seen from the accompanying illustrations these wheel 
loads may vary to a very considerable degree in different makes 
of cranes, although they may be of the same capacity, outreach 
and rail gage. These wheel loads are not quite so important 


in determining the selection of crane in cases where a new wharf 
is to be built, as provision can be made for whatever loading is 
required, but in cases where cranes are to be installed on existing 
wharves great care must be taken to see that the maximum wheel 
loads will not be in excess of the safe working loads the wharf 
structure is good for. 


In any case the crane with the smallest 
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wheel loads, other things being equal, has a decided advantage 
over others. Any additional strength to a wharf or building, 
whether new or otherwise, required by reason of the wheel loads 
it is subjected to should be debited against the crane when selec- 
tion is being made. 

The hoisting rope of a modern cargo crane should lift on a single 
fall of rope, even when dealing with loads as high as five tons, as 
the handling of a snatch block in the hold of a vessel is a clumsy 
and aggravating process and is strongly objected to by stevedores 
and laborers. The bight formed by the snatch block is very 
liable to catch in anything that may project into the hold of the 
ship, also the two strands of the hoisting rope may possibly get 
twisted one around the other and require untwisting before the 
load is picked up. This is one of the disadvantages of the type 
of crane shown in Figs. 7 and 8. 

How the different types of cranes fit in with the above require- 
ments will be seen later on. 

Before coming to a description of any of the modern wharf 
cranes at present in use it might not be amiss to review briefly 
some of the earlier types and the circumstances which have lead 
to their betterment. 


EarLty WHARF CRANES 


Omitting the very primitive contrivances, we find that the 
earlier wharf cranes were very often stationary jib cranes having 
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a fixed radius, either steam or hydraulically driven. These 
had many disadvantages, as can easily be seen, and if in use 
today would not compare favorably as to speed with any ships 
gear. They had their use, however, in the days when sailing 
ships were in the preponderance. 

A more recent development was the traveling portal crane 
having a jib capable of being luffed as well as swinging. In this 
type all the required motions were present, but there was stil! 
much left to be desired. Those that were steam driven had the 
disadvantage of the time wasted in getting up steam, the neces- 
sity of constant firing, supplying of coal and taking away of 
ashes. Hydraulic power, on the other hand, had to be trans- 


mitted from a central source to the crane through a pipe line, and 
although hydraulic cranes were made to travel along wharves 
to a certain extent the amount of travel was very limited. Also, 
there was the trouble of frozen pipes, cylinders, ete. 

Next came the electric crane, first operating on direct current, 
These constituted a big step in ad- 
At the same time 


then alternating current. 
vance of the steam or hydraulic crane. 


Tyre oF CRANE WITH SPECIAL REAvING 


Fig. 2 

or HoistinGc Rope 1n CONJUNCTION WITH PARTICULAR ARRANGE- 

MENT OF CENTERS OF JIB-HEAD SHEAVES, FIXED SHEAVES 0% 
SuPERSTRUCTURE oF Jis-Foor Pivot 


that wharf cranes had been advancing, however, a certail 
amount of improvement had been made in ships winches and the 
methods of using them, so that there was not a very great <iffer- 
ence in the speed of handling cargo by cranes as compared with 
ships gear. 

In spite of the fact that up to quite recently wharf cargo cranes 
did not show much advantage as to speed over ships gear, they 
still formed a very important part of the dock equipment of 
many large ports. One of the principal reasons for this being 
that, providing wharf cranes are available, a ship on arriving 
at her home port for discharging is not under the necessity o! 
keeping up a head of steam, with all the attendant expenses, 
simply for the purpose of working the cargo winches. Bearing 
this in mind, and remembering that up to 1921 nearly 35 per 
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cent of the world’s ocean tonnage was carried in British ships, 
and 60 per cent in ships of European register, it is hardly sur- 
prising that it is in Europe that we find the cargo crane most 
highly developed. 

Lurrina CRANES 


One of the chief disadvantages which the ordinary luffing 
crane works under is that when the jib is luffed in the load sus- 
pended from the jib head is simultaneously raised; conversely, as 
the jib is let out the load falls by a corresponding amount. This 
is all wasted work and means an unnecessarily large motor to 
work the luffing gear. A further result is that the jib is luffed in 
or out as little as possible and the flexibility of the crane is seri- 
ously impaired. 

To overcome this objection a number of different designs of a 
type of crane known as the “level luffing’’ crane have been de- 
veloped. In all cranes of this type a compensating gear in some 
form or another is provided whereby the load is made to travel 
along a horizontal path irrespective of the rise and fall of the 
hoisting pulley caused by the luffing in or out of the jib. A well- 
known make of this type is illustrated in Fig. 1. 

The distinctive feature of this compensating gear, which pro- 
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Fic. 3. Lever-Lurring Type oF CRANE WITH COUNTERWEIGHT 
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vides the level luffing motion, lies in the fact that the crane jib 
is composed of two sections; the outermost of which is folded in 
toward the other automatically as the load is luffed in, and vice 
versa. During the operation of luffing, therefore, as the lower 
section of the jib is raised at a steeper and steeper angle, the outer 
end folds down; the relative motions being such that the sheave 
at the extreme end of the jib travels along a horizontal path, the 
suspended load doing likewise. 

Referring to Fig. 1, which illustrates a 5-ton crane of the above 
‘ype, it will be seen that the main jib A carries at its outer end 
4n extension jib B which is roughly one-quarter the length of A. 
The main jib is of lattice construction and is pivoted at its heel to 
the revolving platform. 


MATERIALS HANDLING 
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The weight of the jib is balanced by the counterweight D 
which is connected by the bell cranks E to cranks on the shaft FP. 
On the same shafts are the cranks G which actuate the jib through 
the links H. 

Returning to the extension jib B which is pivoted on the same 
shaft as the sheave J, it will be seen that its construction includes 
a member curved around the inner end of Bin a loop. In plan, 
there are two of these curved members which are channel- 
shaped in section, in each of which a guy rope is secured and an- 
chored back to the shaft F. When the jib rises J approaches F, 


Fic. 4 German Design oN OF PANTOGRAPH WITH LEVEL- 
LuFFING FEATURE 

so that the guy ropes allow the extension jib to rotate downward, 
the guy ropes at the same time wrapping around the curved 
channels. These channels are not bent to a true circle but are 
of special form so that the folding in of the extension jib is con- 
strained in such a way that the load travels in a straight line. 
The small amount of hoisting rope which is paid out during luffing, 
due to the hoisting barrel not being concentric with the foot of the 
main jib, is compensated for by this means. 

As the load being lifted is neither raised nor lowered during 
luffing operations, it will readily be seen that the power required 
is only that which is necesary to overcome the inertia of the 
parts moved. 

The balancing of the dead weight of the jib also has a bearing 
on the ease or otherwise with which luffing can be carried out. 
In the type of crane shown in Fig. 1, the counterweight D moves 
simultaneously in the opposite direction to the jib, so that the 
two are always very nearly in balance. 

The value of this balanced level-luffing system will be appre- 
ciated from the fact that on two cranes of similar capacity and 
radius, that fitted with this gear will have a luffing motor of 
about one-tenth the power of the other, and when it 1s considered 
that in most cases the jib is luffed with every lift, it will be realized 
that an enormous saving in power is effected. 


DiscussION OF OPERATION 


The crane shown in Fig. 1 has a maximum outreach, measured 
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from the face of the dock, of 56 ft. 9 in., which is equivalent to a 
radius, measured from the crane center, of 76 ft. 9 in., and has 
a minimum radius of 11 ft. 3 in.; that is to say, it can pick up or 
deposit its load anywhere between two circles having diameters 
of 153 ft. 6 in., and 22 ft. 6 in., and can place its load not only on 
the dock itself but also on upper floors of the sheds if so desired, 
a point in its favor, as compared with cranes illustrated in Figs. 
7 and 8. 

The jib with its counterweight and other parts which go to 
form the revolving portion of the crane are made as light as is 
compatible with safety, so that with a hoisting speed of 175 ft. 
per min. for 5 tons, or 300 ft. per min. for 2'/. tons and with a 
high slewing speed, which at the maximum is 450 ft. per min., 
quick action is obtained in transporting a load from one point to 
another. 

The wheel loads indicated in the illustrations are directly com- 
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CRANE IN Wuicu LuFFInG Is ACCOMPLISHED BY MEANS OF 


5 
Prntons ENGAGING IN SEGMENTAL Racks ON EACH SIDE OF THE JIB 


parable, as all the cranes except those shown in Figs. 5 and 6 are 
exactly similar as far as loads, outreach from face of dock, and 
speed are concerned; except also that the crane shown in Fig. 7 
is designed for hoisting speeds of 100 ft. per min. for 5 tons and 
200 ft. per min. for 2'/2 tons, as against 175 and 300 ft. per min., 
respectively, for the other cranes. This difference makes the 
impact component of the total wheel load slightly less for the 
crane in Fig. 7 than it would be if the higher hoisting speeds were 
used. 

In Europe level-luffing cargo cranes are now almost exclusively 
used, and other designs than that shown in Fig. 1 have been 
evolved. The arrangement for obtaining the level-luffing motion 
in the crane shown in Fig. 2 consists of a special reaving of the 
hoisting rope in conjunction with a particular arrangement of the 
centers of the jib-head sheaves, the fixed sheaves on the super- 
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structure, and the jib-foot pivot. 


The hoisting rope after 
passing over the sheave A at the extreme end of the jib is taken 
around one of the sheaves at B, thence back to one of the sheaves 
at C, again over a second sheave at B, and thence to the hoisting 
barrel E. When luffing-in the jib from one radius to another, the 


distance between A and B decreases by an amount equal to one- 
third of the vertical raise of the jib head. 
falls of rope between A and B, the amount of rope paid out js 
three times the amount by which the distance AB has been ce- 
creased, and, therefore, compensates for the vertical rise of A. 


Since there are three 


STATIONARY Type OF CRANE IN LuFFING Is 
ACCOMPLISHED BY MEANS OF ROCKING LEVER 


Fic. 6 


Luffing is accomplished by means of the ropes leading from th: 
counterweight F, around the luffing winch D, over one of th: 
sheaves at B, thence to the jib head and back to B, where the 
are anchored. 

It will be noted that the hoisting rope in passing over tle 
various sheaves is being continually bent through approximate!) 
400 degrees more angularity than in the case of the crane shown i! 
Fig. 1. This means that the life of the hoisting rope is very much 
shortened, with a proportionate increase in the cost of main- 
tenance. The counterweight F in this crane is much lighter 
than that of the crane in Fig. 1. To make up for this, additions 
ballast is placed in the back of the operating cab, so that the 
total is considerably in excess of that of the first crane. Als 
the crane in Fig. 2 lacks the advantage gained by the outward 
movement of the counterweight as in Fig. 1. 

In Fig. 3 is shown another design of level-luffing cran 
Here the hoisting rope, after passing round a sheave near the ji! 
foot is taken over a sheave placed concentrically with and at 
tached to the traveling counterweight; it is then taken back 
the sheave near the jib foot and so to the hoisting barrel. 48 
the jib is luffed in, the counterweight travels down the incline¢ 
path, thus paying out the required amount of rope to give leve 
luffing. A crank and connecting link are used for actuating th 
jib. 

A somewhat novel type of crane is illustrated in Fig. 4. The 
is of German design, in which country it has been used quit 
extensively. As will be seen it is on the order of a pantograp) 
thus obtaining the level-luffing feature. 

The two cranes shown in Figs. 5 and 6 are very similar in th 
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means employed for obtaining the level path of travel for the 
hook. The hoisting rope, on its way from the jib head to the 
hoisting barrel, is taken in a bight round the sheave centered on 
the radius rod attached to the crane structure. As the jib is 
luffed, this sheave is made to travel along the track forming part 
ofthe jib. Except for this similarity the cranes are very different, 
that in Fig. 5 having the peculiarity that the lower end of the jib 
is so constructed that it embraces the revolving tower, and has 
counterweights on either side of the machinery house. Luffing 
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Fic. 7 Type or TRANSPORTER CRANE 


is done by means of pinions engaging in the segmental racks on 
each side of the jib. 

Although the crane illustrated in Fig. 6 is of the stationary 
type, it could equally well be made to travel. The level-luffing 
motion has already been described as being accomplished by the 
sheave traveling up and down the path within the jib lattice 
work, the sheave being controlled by the radius rod. Luffing 
in this case is by means of a rocking lever which is attached to 
the jib at one end by means of a long link and at the other end is 
connected to a revolving crank. The rocking lever is counter- 
weighted. An all-round motion of the luffing crank is permitted, 
which has the advantage of preventing any possibility of over 
luffing, but has the distinct disadvantage in causing confusion 
for the operator in his not knowing in which direction the jib 
will move from a point of rest. The crane in Fig. 1, although 
equipped with a crank-actuated luffing device, does not have the 
all-round motion as above described, limit switches being pro- 
vided to prevent the operator luffing the jib in or out beyond 
certain limits. It still has the safety feature of not permitting 
over luffing should the limit switches fail. 

In Figs. 7 and 8 are shown cranes of the transporter type, 
that shown in Fig. 8 having the advantage over the one in Fig. 7 
in that the load may be transported to the rear of the machinery 
house. This is accomplished by offsetting the trolley rail from 
the center line of the jib by an increasing amount as the rail 
leaves the jib head and approaches the main structure. At the 
center line of rotation of the crane the trolley rail is sufficiently 
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offset for the trolley and its load to pass the substructure. The 
amount of this offset determines the minimum operating radius of 
the crane. The type illustrated in Fig. 8, on account of the offset, 
approximately 17 ft., has a greater minimum radius than that in 
Fig. 1. 

It might appear that once this type of crane had been put 
into position, with its jib head in the correct position over the 
ship’s hold, a greater unloading speed could be attained than 
with a luffing crane, by reason of the fact that the load after 
being hoisted travels in a straight line to the point of discharge 
instead of traveling in a more or less circular path as in the latter 
case. It should be observed, however, that whereas the crane 
in Fig. 8 has a racking speed of 250 ft. per min., the slewing speed 
of the crane in Fig. 1 has a maximum of 450 ft. per min., and an 
average of 277 ft. per min. 

In addition to this the level-luffing crane is almost invariably 
luffed at the same time that it is being slewed, in this case at a 
rate of 150 ft. per min., so that there is the accumulation of the 
two speeds. ‘ 

The type of crane shown in Fig. 8 is seldom slewed through any 
considerable angle once it is in position, the reason being that 
when it is rotated it cannot describe an are of shorter radius than 
the length of its jib measure from the center of the crane. As a 
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Fig. 8 TRANSPORTER CRANE IN Wuicu Loap May Be TRANSPORTED 
To Rear oF Macuinery House; A Feature Not INCORPORATED 
IN THE CRANE OF Fig. 7 


result it will often foul the ship rigging or upper-works on being 
slewed, unless it is at the same time traversed along the dock. 
Traversing is comparatively slow and sometimes requires clearing 
of the tracks before the crane can be moved. This, however, is 
the procedure adopted when it is desired to land loads alternately 
at different points on the dock. The first load is deposited in its 
assigned position, then after picking up the second load the crane 
is traversed along the dock until the second load can be dropped 


TABLE 1 PRINCIPAL DATA ON CRANES ILLUSTRATED 


Hoisting Hoisting 


speed, speed, Maximum 
10,000 5000 Luffing wheel loads, 
Total Ib., Ib., Slewing speed, two-wheel 
weight, ft. per ft. per speed, horizontally, bogies, 
Fig. No. Ib. min, min, r.p.m._ ft. per min. Ib. 
1 127,000 175 300 1.5 200 81,800 
2 149,000 175 300 1.5 200 85,000 
3 195,000 175 300 1.5 200 108,500 
4 146,000 175 300 1.5 200 90,000 
Racking 


8 169,200 100 200 1.0 250 97,800 
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in its appointed place. While this is being done the jib head is 
held approximately in a fixed position over the vessel, and the 
cycle is then repeated as may be necessary. 


From the above it will be seen that a straight-line crane is 


better adapted to handling material from the ship to one point at 
a time on the wharf rather than to different points in quick suc- 


cession, as is required in sorting and piling general cargo. 

The weight as shown in Table 1 is also a disadvantage of this 
type, not only in cost of construction but also in that a stronger 
and more expensive substructure is required for supporting it. 

In the table are given also some of the principal data relative 
to the cranes illustrated, to which it should be added that they 
are all designed for the same load, namely, 10,000 lb., the same 
maximum outreach, of 56 ft. 9 in., and a hoisting height of 
58 ft. 3 in., also the same rail gage, 27 ft. 3 in. 


Discussion 


D. S. Berer.? An important point which is not discussed 
in this paper is that of accessibility of parts requiring frequent 
inspection, repairs, lubrication, etc., and the safety of the men 
who must do such work. 

Repairs may have to be made under difficult weather con- 
ditions, and wherever practicable, stairways should be provided. 
Where a ladder seems to 
be the only possible ar- 
rangement, it should have 
a safety ‘“‘cage”’ or enclos- 
ure around it. 

In many cases the pro- 
vision for getting to bear- 
ings consists of a few loose 
planks strung here and 
there by riggers, or by the 
men who have to use 
them, making the work 
of lubrication, inspection, 
and repairs a constant 
hazard. Under such con- 
ditions this work is likely 
to be neglected, or injury 
to the men who are pro- 
vided to do it may tie up 
the equipment. 

Permanent railed walk- 
ways, with platforms at 
sheaves or other working 
points, should be provided 
in all cases. 

Electrical equipment 
should be enclosed so as 
to prevent accidental con- 
tact with live parts. 

Dead metal parts such as 
motor frames should be 
permanently grounded, particularly for voltages above 220. 
Even where lower voltages are used, a slight shock may cause a 
misstep or other unexpected movement that will result in a fall. 

A further hazard results from the use of ordinary open-end 
hooks, which may cause serious damage. An excellent precau- 
tion is found in the use of a safety hook, so designed that the point 
is protected by a movable guard or finger which projects from 
the throat of the hood down to the point, or by using a type of 
hoox which forms a closed ring when it is in use. In the latter 

2 Vice-President and Chief Engineer, Liberty Mutual Insurance 
Co., Boston, Mass. Mem. A.S.M.E. 
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case the hook may be designed so that the point is supported and 
strengthened by the extra member which closes the hook. — Illus- 
trations of this type of hook are shown in Fig. 9 which is taken 
from the writer’s “Industrial Accident Prevention,” published 
by Houghton Mifflin Company, Boston. 

Counterweights should be so placed in relation to the remaining 
equipment, as to do the least possible damage in case they should 
fall, and proper means of cushioning and retaining them should 
be provided, to prevent wrecking the equipment or endangering 
human life in case they should accidently drop. 

Needless to say, frequent inspection of cables and other parts of 
the hoisting apparatus when in service is of great importance 


Witiarp C. Brintron.* European ports use cranes for han- 
dling general cargoes for a reason not immediately apparent to 
most people. These ports are very old. They were built at the 
head of navigation in rivers when boats were small, and as ships 
increased in size the rivers were dredged. The bridges in many 
cases are very low. This makes it impossible to use floating cranes 
and the result is that the cranes are on the shore. 

Travelers returning to New York wonder why our seaports are 
so far behind those in Europe in the use of cranes. They entirely 
overlook the fact that New York has probably more cranes than 
all the ports of Europe have, but that they are floating equipment 
instead of being on shore. The bridges being of recent con- 
struction, they are high enough to permit such equipment ¢ 


pass under. 


Tue Autuor. The author cannot agree with Mr. Brinton that 
the extensive use of dock cranes in European ports has beer 
brought about through the impossibility of using floating 
cranes. For instance, Tilbury main dock at the mouth of tly 
Thames, and many miles below any bridge, has 56 level-luffing 
cranes. The new Gladstone dock at Liverpool on the River 
Mersey, and below any bridges, is equipped with some 50 cranes 
in addition to these there might also be mentioned the new docks 
at Dover, Bristol, as well as Bombay, Buenos Aires, and other 
places. Floating cranes are principally used in transporting carg 
from ships’ holds to lighters alongside, or vice versa, and are no’ 
suitable for unloading from ships’ holds to dock. Their extensiv 
use in New York is largely due to the fact that the docks ther 
which are mostly fairly old, are not of a construction that is 
suitable for accommodation of dock cranes. 

The author agrees with Mr. Beyer that an important point! 
with regard to cranes is the accessibility of parts likely to requin 
repairs, lubrication, etc., also the safety of men who have to 
such work. These considerations were not discussed in th 
paper on account of limitation of space that would be necessar) 
to go into such matters fully. The author would state, however 
that it is almost impossible to use stairways on any cargo cranes 
which necessarily are of the traveling type, and means of acces 
to the crane have to be minimized as far as possible so as ' 
make the under structure compact. Ladders with good hao 
railings on either side of them are, in the author’s opinion, just # 
safe as stairways. 

With regard to the safety hook, the type almost universal) 
used in Europe is a hook which takes somewhat the form of a © 
the lower portion of which, or the hook proper, is curved inwat 
at this point so as to guide the sling should it tend to come ou! 
of the hook into the upper bend of the hook. This type of hoo 
also has the advantage of not being likely to catch in any 0 
struction when it is being raised. Types of hooks which hav 
movable guards are not only liable to get out of order |vut as 
cause delay in hooking on and off the slings. 


3 Consulting Engineer, President and Treasurer, Terminal Fnginee™ 
ing Co., Inc., New York, N. Y. Mem. A.S.M.E. 
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Bulk-Material Handling at Docks and 
Storage Plants 


By A. F. CASE,! CLEVELAND, OHIO 


HE scope of this paper does not include the handling of 
bulk commodities in small capacities, but rather the meth- 
ods which have resulted in the vast production of today. 

In the discussion of this subject it is difficult to refrain from 
reviewing briefly the historical side of the development of modern 
equipment. The Great Lakes furnish a marvelous waterway for 
the transportation of the main bulk commodities, coal, ore, and 
limestone. 

The source of coal lies adjacent to the southern end of this 
waterway, and the northern end extends into the greatest ore 
deposits in this part of the world. It is therefore logical that 
great fleets of ships have been constructed and equipment of high 
capacity has been developed to transport the immense tonnages 
required for modern consumption. Coal is the only material in 


this group used for both industrial and domestic purposes. The 
industrial demand in the districts of Pittsburgh, Youngstown, 
Cleveland, and Buffalo is served by rail. 


and 1880. The size of these buckets was subsequently increased 
to 5 tons by 1892. 

The use of revolving derricks was continued until 1890, when 
the first car dumper, the Lindsley, was placed in operation 
at the docks of the Cleveland, Canton & Southern Railway at 
Cleveland. At this time the car capacities were very much less 
than at present, ranging from 10 to 20 tons. There was a ten- 
dency, however, to use larger cars, and the old machines proved 
inadequate. The car-dumper art passed through several phases 
after Lang began to handle cars, and developments followed 
rapidly. In 1896 the first lifting car dumper was put in operation 
and was immediately successful. Modifications of this dumper 
are in use today. 

The fundamental operation of these machines follows the prac- 
tice of pushing the cars up an inclined approach by means of a 
mule car or larry and spotting on the car-dumper cradle, which is 
lifted to a predetermined height, when it is inverted, and the coal 


Fig. 1 Revotving Car DuMPER 


Detroit, Chicago, and Milwaukee use considerable industrial 
and domestie coal, but the upper Iake region is the center of the 
vast domestic market, and the ports of Lake Superior are the des- 
‘ination of the large shipments from the lower lakes. This then 
is the background of our picture—coal cargoes from the lower to 
the upper lakes, and ore cargoes returning. 

The first coal cargo was loaded into lake vessels in 1850 at 
Cleveland from the Mahoning valley by canal boats. This was 
first unloaded by hand and carried in wheelbarrows to a storage 
area on the dock, afterward being again handled by wheelbarrows 
on to the deck of the ship and dumped through the hatch into the 
boat. The boats at that time had capacities up to 150 to 250 
‘ons and took about a day to load, using all the men as advanta- 
geously as possible. 

It was not long before larger cargoes were required and mechani- 
cal handling methods were installed. This first took the form 
ol revolving derricks designed to handle 1-ton tubs. These 
tubs were filled by hand and held by a catch which was tripped 
by pulling a cable attached to a latch. This was between 1875 


e ‘Manager, Ore and Coal Division, Wellman-Seaver-Morgan 
0, 


Presented at the First National Meeting of the A.S.M.E. Ma- 
‘enals Handling Division, Philadelphia, Pa., April 23 and 24, 1928. 
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runs into a pan extending over the boat. This pan is contracted 
at the outer end, and a telescope chute is used to direct the coal 
into the boat. After discharging the coal the car is returned to 
its upright position and lowered by gravity to the starting point, 
where it is bumped out of the cradle by the next loaded car coming 
in. The empty car then runs down the discharge track into the 
empty storage yard. 

The modern machines have been greatly refined, but many of 
the original principles have been retained. All these original 
machines were steam operated. The first electrical operation 
applied to a car dumper for loading boats was at Baltimore in 
1921 on the coal pier of the Western Maryland Railway Company. 
This was followed in 1926 by an electrically operated machine 
at Toledo, Ohio, on the Ohio Central Railroad Company dock. 

This machine is the most modern of its type and has several 
interesting features. It is the first electrical car dumper of the 
lifting type installed on the Great Lakes. The operation of the 
mule and cradle motions employs the Ward Leonard principle 
of generator field control, and the cradle is over-counterbalanced 
so that the amount of power required is about the same to raise 
the loaded car as to lower the empty car after dumping. 

The constantly increasing size of cars and capacity demands 
have required the special features described. The Toledo 
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machine is designed to handle forty 120-ton cars per hour. These 
cars when empty weigh 41 tons, and loaded, 160 net tons. The 
problem of handling cars of this capacity was solved by applying 
counterweights in such a manner that the effort acts directly on the 
cradle to balance part of its deadweight when lifting, and also on 
the drums which operate the cradle-hoist system. The horse- 
power is thus reduced to about 900 for the cradle hoist as com- 
pared to about 1700 hp., which would be required to obtain the 
same capacity by previous methods of counterweighting. The 
mule-haulage function of this machine also requires but 900 hp. 
The generator field control also effects considerable saving in 
current consumption. In fact, the total current per ton of coal 
handled in 70-ton cars during the season of 1927 was only 0.24 
kw-hr., and this would be considerably reduced if larger-cap- 
acity cars were handled. 

Coal handling on the Great Lakes is an industry in itself, but 
enormous quantities are also handled at Atlantic seaports. Nor- 
folk, Va., is probably the largest of these. The Norfolk «& 
Western, Chesapeake & Ohio, and Virginian have extensive 
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facilities. These differ greatly from the plants on Great Lakes 
ports, employing simple turnover car dumpers which empty 
the material into transfer cars of 100 to 120 tons capacity. These 
cars are elevated to tracks on the top of huge pier structures with 
pockets and chutes for discharging into ships. The cars are 
self-propelled and provided with discharge gates at the bottom 
through which the coal passes into the pier pockets. 

On the new pier of the Virginian Railway the pier structure 
differs in that movable loading towers carry the pockets into which 
the transfer cars discharge, and steel conveyors on booms ex- 
tending over the hatches of the ships carry the coal to a telescope 
through which it passes into the ship’s hold. 

Baltimore is another port of importance and probably pos- 
sesses a greater variety of coal-handling equipment than any 
other Atlantic port. The Baltimore & Ohio equipment at Cur- 
tis Bay consists of two turnover car dumpers which discharge 
the contents of road cars on to belt conveyors, which serve mov- 
able loading towers provided with shuttle conveyors carried on 
adjustable booms which may be extended to either side of the pier 
for loading purposes. The Pennsylvania Railroad at Canton is 
equipped with a single car dumper which discharges into small 
cable cars traveling on an elevated trestle extending the full 
length of the pier. These cars are automatically tripped and 
their load is discharged into the hoppers of movable loading 
towers similar to those on the Virginian pier. 

At Port Covington the Western Maryland Railway has a 100- 
ton electrically operated lifting car dumper on the pier in a 
stationary position and arranged to load directly into boats. 
Coal may also be diverted through a bypass chute arrangement 
and conveyors to a stationary loading tower on the opposite side 
of the pier. 


Recently a new facility has been added by the Western Mary- 
land to their plant, noteworthy in that it represents a radical 
departure from generally accepted methods of handling coal from 
cars to boats. Cars are introduced into the dumper by the 
standard mule-car method up an approach incline, and after being 
dumped they run down a gravity track to a kickback and into 
yard. This method is common to practically al! 
loading plants. 

The car dumper in this case differs from all others by being of 
the revolving type; that is, it consists of a barrel structure which 
holds the car and turns about its own axis to dump. On account 
of the characteristics of this motion it is possible to control the 
discharge of coal into the hopper beneath the dumper so that 
The material is removed from 


a storage 


there is practically no breakage. 
the hopper by a steel apron feeder which discharges on to a 60-in 
belt conveyor. This carries it to the stationary loading tower 
where it is taken by the boom conveyor and discharged into thy 
ship. This is the first modern plant to employ the revolving car 
dumper, although the machine has been very extensively used in 
power plants and materials-handling plants remote from water- 
ways. The cradle power requirements are very low, only 125 hp 
being required to handle forty-five 120-ton cars per hour, and 
the power may be either alternating or direct current. 

This construction included in this latest plant of the Wester 
Maryland Railway is the first step in a revolutionary revision of 
modern coal-loading methods. The ideal plant consists of mul 
haulage, a revolving car dumper, and a loading tower with 4 
high-capacity conveyor carried by boom extending over th: 
ship’s hatch, and a telescopic chute to conduct the coal into the 
hold. 

Such a plant possesses advantages present in no other arrange 
ment—low initial cost, low operating cost, practical eliminatior 
of breakage, low current consumption, low maintenance, absence 
of massive structures, and other features less essential. Thes 


Fic. 4 Two 15-Ton Hutetr Ore UNLoApDERS 
advantages are so superior that the Pennsylvania Railroad, aft¢ 
completely investigating all important coal-handling plants * 
determine the best facilities for their new coal pier at Sout 
Philadelphia, selected the revolving car-dumper equipment j® 
described. 

There are several other important coal-loading ports on ® 
Atlantic Coast, nearly all of which are provided with the old ty 
of lifting car dumpers. So much for the loading of coal. 


The problem of unloading coal from boats on the upper Gre— Joad; 
Lakes region centers about Duluth and Chicago, where un|oad%§ Phe |, 
bridges equipped with man trolleys handling rope-suspeD™} @nd | 
grab buckets are extensively used. These bridges span |*™§ #true; 
coal-storage areas which are stocked during the navigation sea} Train 
to supply winter demands. The coal from these storages 13 "} the eg 
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handled by the bridges into screening plants, where it is screened 
and classified for domestic distribution. 

At the plant of the Canadian Pacific Railway at Fort William, 
Ontario, the coal is taken from the boats by Hulett unloaders and 
transferred back into storage by bridges. The Hulett machine is 
primarily an ore unloader and will be described later. 

The handling of iron ore from the Lake Superior region dates 
from 1854. Up to that time the total shipment of ore had come 
from the Marquette range, and the total tonnage was approxi- 
mately 3000 tons in that year. The shipment of ore continued 
from the Marquette range until 1877, when 10,400 tons of ore was 
shipped from the Menominee range. The total yearly tonnage 
from that time to the present has increased by leaps and bounds, 
until the figure at present is between 65 and 70 million tons per 
season. 

The original handling of this ore was by hand, as in the case of 
coal, but as the tonnage increased it was necessary to provide 
mechanical-handling methods which followed closely in the foot- 
steps of the development in the coal-handling industry. 

At present there are only two accepted methods of removing 
ore from ships, one being the rope-operated grab bucket handled 
by a suitable bridge or tower structures, and the other the Hulett 
unloader. 

As previously stated, the traffic of coal and ore involves the 
shipment of coal from the lower lake ports to the upper lakes, and 
return cargoes of ore are brought down in the same ships. The 
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loading of ore at the upper lake region is essentially different from 
he loading of coal. At the ore ports of two harbors, Duluth, 
nd Superior, the ore is loaded at the mines into specially con- 
ructed hopper cars which are provided with drop-bottom doors. 
rains of these cars are brought down to the loading pier, where 
the car doors are opened and the ore is discharged into pockets in 


the pier which are provided with chutes through which the ore is 
discharged into the hold of the vessel. On account of the multi- 
plicity of chutes leading from these pockets, it is possible to load 
a vessel in a very short time as this work is accomplished entirely 
by gravity. Inasmuch as the breakage is not a factor in the 
handling or ore, this method is ideal for transferring from cars to 
boats. 

The removal of the ore from the boats, however, is quite an- 
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other problem. This has been successfully accomplished by 
means of grab buckets operated by unloading bridges and also by 
small unloading towers which have been called “‘fast’’ plants. 
These in the majority of cases are used for unloading boats for 
direct shipment. When storage of ore is required it has been 
common practice to use unloading bridges for this purpose, but 
in the majority of large capacity plants the Hulett unloader has 
been adopted for the unloading operation. 

The Hulett unloader was first built in 1898, and at that time 
was operated by hydraulic power in the main functions, the hy- 
draulic power being supplied by a steam accumulator carried on 
the walking beam, and these machines had been in constant opera- 
tion up to 1926, when they were dismantled. 

This machine consists essentially of a traveling gantry frame- 
work forming a support for a trolley which travels transversely 
to the dock. This trolley in turn supports a walking beam, which 
in the forward position of the trolley extends over the boat. 
From the outer end of this walking beam a stiff leg is suspended, 
at the bottom end of which is the bucket-operating mechanism 
and the bucket shells. The descent of the bucket into the boat 
is by gravity, the forward end of the walking beam being slightly 
heavier than the rear end. The walking beam is raised by a 
mechanism at the back end of the beam which is provided with 
ropes passing around sheaves at the rear end of the trolley and 
anchored to the back end of the beam. By slacking off these 
ropes the bucket is allowed to descend into the boat. The opera- 
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Fig. 8 Five-Ton Man-TrOLLEY OrE-HANDLING BRIDGE 


tor for controlling the motions of the bucket, the walking beam 
and the trolley, and in some cases the movement of the total 
machine along the dock is in a station just above the bucket in 
the bucket leg, and he travels with the bucket into the hold of 
the boat, where he can see all of the operations of the bucket and 
accurately control them. 

The latest machines of this type have bucket capacities of 17 
tons, and in some cases the digging power of the bucket will take 
up 18 or 20 tons. In operation the bucket is lowered into the hold 
of the boat and closed in the ore. The bucket is then elevated, 
and the trolley runs back to a point just back of the front gantry 
leg, where a receiving hopper is provided into which the bucket 
dumps. The bucket trolley is then moved forward, the bucket 
lowered into the hold of the boat, and another bucket load is 
taken up. During the interval that the bucket is getting its 
second load the receiving hopper is discharged into a larry which 
travels on an auxiliary track on the underside of the gantry 
framework. This larry is usually provided with scales and is 
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arranged so that it can be traveled over any of the tracks beneath 


the gantry span and the ore discharged into the cars after being 
weighed. In case it is desired to store this ore the larry travels 
back of the rear runway and discharges its contents into a tem- 
porary pile where it can be picked up by a storage bridge and 
rehandled into the main storage area. 

In addition to the functions described, the bucket leg is also 
capable of swiveling about a vertical axis so that the reach of the 
bucket is available for cleaning up ore between the hatches. In 
this way over 95 per cent of the ore cargo can be taken out of 4 
boat without the use of any hand shoveling. This is much in ex- 
cess of the possibility of any rope-suspended grab-bucket ma- 
chine. 

Another point of advantage in the Hulett unloader is the fact 
that the forward end of the walking beam is just enough heavier 
than the back end to give the bucket proper digging power 
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the boat. This is about 10,000 lb., while the rope-suspended 
buckets of this capacity would have a weight of from 30,000 to 
35,000 Ib. ‘This results in the case of the Hulett unloader in a 
very much smaller initial load being applied to the tank top of 
the boat, and consequently the boat damage is very materially 
decreased. Also on account of the fact that the bucket is ac- 
curately guided through the hatch there is no possibility of in- 
terference with the upper structure of the boat around the hatches. 

The structure of these machines is very heavy, and the ma- 
chines are more or less complicated. The results from their 
operation, however, are fully justified from the fact that while the 
mass is great the moving load in lifting the bucket is not very 
much greater than the ore contained in the bucket, and the 
movements are so deliberate without the usual shock found in 
other types of machines that the maintenance cost is very low. 
The capacity, however, is almost double that obtainable by any 
other type of machine. There is a handling record that was made 
by eight 15-ton machines at Ashtabula, where seven boats having 
a total capacity of 70,000 tons were unloaded in 22 hours actual 
working time, and another record was made in June, 1926, where 
five 17-ton machines at Conneaut, Ohio, unloaded 11,300 tons 
in two hours and twenty minutes from the steamer James A. 
Farrell. This reduced to unity makes a handling record of 970 
tons per hour for each machine including all of the clean-up time. 
There have been instances where these 17-ton machines have un- 
loaded over 1200 tons per hour each. 

There are over 50 machines of this type in operation on the Great 
Lakes, and while these are not all of the size described, they rep- 
resent the progressive stages of the development leading up to 
the present machine. 

After the ore has been unloaded from the vessels at the various 
plants it is loaded either directly into cars or from storage into 
cars, and these cars are transported to the furnace plants where 
the ore is used. The removal of ore from these cars is usually 
accomplished by means of our car dumpers which are divided into 
two classes, the movable class and the stationary class. 

With the movable type of dumper the ore is dumped direct 
from the car into the storage pile, usually dumping over a re- 
taining wall between the car dumper and the storage. These 


MATERIALS HANDLING 


MH-50-6 


movable car dumpers are not greatly different from the stationary 
type except that they are mounted on trucks and the machine 
is provided with inclined approaches at either end. Cars are 
introduced into these machines by means of a locomotive, and 
after the car has been dumped it is pushed out of the machine by 
the next incoming car and the empty runs out on the discharge 
track, to be subsequently picked up in a train by means of a 
switching locomotive. These machines are of course electrically 
operated and travel lengthwise to the storage yard so that they 
can be spotted opposite the point where it is desired to store the 
particular kind of ore which is being handled. 

When the stationary type of dumper is used, the ore is usually 
dumped into a transfer car, which after receiving its load travels 
over a trestle system and discharges from the trestle into the 
storage yard or into furnace bins. The fundamental principle 
of these car dumpers is about the same in all cases. 

After the ore has been discharged either by the movable car 
dumper or by transfer cars into the storage space, it is rehandled 
by means of bucket-handling bridges into the main storage pile 
and again rehandled into furnace bins when required or is re- 
handled for the purpose of shipment when stored in temporary 


areas. 
Discussion 


Ep. F. Muuuin.?, One point that the author brought out 
was that the capacity of the rotary type of car dumper was 45 
cars per hour. That would lead one to believe that he must 
have a large capacity to consider a dump of that type, but that 
is not so. We know of several installations where a compara- 
tively low rate of capacity has warranted the rotary dump be- 
cause it is an economical installation in the first place and it 
dumps very quickly. In one installation that handles about 2000 
tons a day they will dump all that coal in about three hours, 
whereas by the old method with ordinary track hoppers it re- 
quired from 12 to 20 negroes shoveling 10 or 12 hours a day. 
The horsepower for operating the rotary-type dump of course is 
very low. 


2 Link Belt Co., Nicetown, Philadelphia, Pa. 
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Fundamental Principles in Materials Handling 


HERE comes a time in almost every industry sooner or 
later when the economic forces shift with relation to each 
other and produce results for better or for worse. When 

this situation arises or is foreseen, emphasis must then be placed 

on the analysis of those factors that are causing the difficulties 

which confront us. In any given industry this may mean a 

readjustment of the capital structure; of methods of distribution; 

of extracting, processing, or fabricating; of the types, utilization, 
and compensation of labor; of equipment and methods; of the 
overhead structure and of the personnel of the organization. 

I think it may be taken as axiomatic, although unfortunately 
not yet so recognized by industry or executives as a whole, that 
group understanding, group cooperation, and group statistics 
are now vital to the successful conduct of any industry and of the 
several entities in that group. No intelligent mariner would 
now think of navigating a ship without adequate data, tech- 
nical equipment, and authentic charts, yet we in industry have 
to navigate altogether too much on the vet inadequately charted 
seas of business. 

Again it can be taken as axiomatic that no industry can long 
continue on a price basis alone or without adequate profits. 

There is an economic law that the price of any given commodity 
tends to approach its cost of production, but it should be noted 
that “cost of production” as used in this law includes all legitimate 
costs of extracting, processing, production, and distribution, and 
a reasonable profit as well. 

It should be noted in passing that profitless prosperity is not 
confined to any one industry, but is prevalent in entirely too many 
at the present time. This problem is engaging the attention of 
some of the keenest minds in the country in all lines of business. 


MECHANIZATION OF INDUSTRY 


The discussion, however, will be limited to merely one phase, 
the mechanization of those operations still performed by hand 
labor that come under the category of materials handling. The 
author will endeavor to sketch briefly some of the fundamental 
principles of materials handling, which in their broadest aspects 
can be and should be recognized and applied to any industry 
where a materials-handling program is to be worked out. 


Lapor 1N INDUSTRY 


There is a question that naturally will arise in many of your 
minds, namely, ‘Is this going to reduce the number of operatives 
per industry or per unit of industry?” Frankly, yes, and it should 
if we are to continue to raise our standard of living; and by that I 
Mean not only greater wealth per capita but more leisure per 
capita. For Il am not one of those who believe it is necessarily 
important for one to work laboriously six days a week to keep 
one's soul from becoming claimed by the devil. 

We have several instances of this reduction of personnel per 
unit of product. For instance, the Jron Age in its issue of July 28, 
1927, made reference to this factor in the automobile industry 
48 follows: ‘While one of the leading automobile plants re- 
quired 17,000 workers in 1916 to turn out 650 cars a day, today 
the present force is approximately 15,000 and this force has no 
difficulty in producing 1500 cars a day. Worked out another 
Way this means that in 1916 it took 26 man-days for each car 


' Ford, Bacon & Davis, Inc. Past Vice-President, A.S.M.E. 
Presented at the First National Meeting of the A.S.M.E. Ma- 
terials Handling Division, Philadelphia, Pa., April 23 and 24, 1928. 


By HAROLD VINTON COES,' NEW YORK, N. Y. 


against 10 man-days under present conditions. Installation of 
machinery for cutting down both time and labor, employment 
of mechanics and department heads specially trained in the work, 
proper routing of manufacturing operations through the plant, 
modern equipment for materials handling, and more exact meth- 
ods of manufacture through the use of more accurate machines, 
all taken together account for this great improvement in per- 
formance.” 

Mr. C. 8S. Ching, president of the American Management 
Association, in a recent address before that association comments 
on this situation, in so far as the tire industry is concerned, as 
follows. “It has frequently been said that this industry was 
among those which had so greatly expanded its plant that it was 
now unable to operate to capacity. Now the truth of the matter 
is that tire production in the past five or six years has been far 
greater than during the war period, or for that matter in the 
two-year business boom following the war. If we were pro- 
ducing tires at the same rate per employee and required the same 
plant equipment for each tire manufactured as formerly, the 
present number of employees and plant equipment would have 
to be more than doubled.” 


ABSORPTION OF SuRPLUS LABOR 


The next question is, ‘What is to become of this labor that is 
released?’’ Let us ask ourselves the question, ‘‘What became 
of the labor released by previous mechanizations in agriculture, 
industry, mining, ete. The reaper and harvester released labor, 
and so did the sewing machine, the cotton gin, the typewriter, 
gigantic ore excavators, etc. This labor was temporarily thrown 
out of adjustment, but ultimately it flowed into new industries 
that were created after this labor was made available. Where 
did the labor come from for the automobile industry, the radio 
industry? Where is the labor coming from for the rapidly de- 
veloping aviation industry, with all the collateral developments 
that will certainly accompany it? Why, it will have to come, since 
our immigration laws are in effect a protective tariff, from the 
labor released by the intensive mechanization of our existing 
industries. 

Who is so bold as to state that no new industries will be born 
or that man’s wants are completely satisfied? Yes, we shall need 
this labor. It is unfortunate that we do not have such a perfect 
adjustment of supply and demand and control of our production 
and distribution mechanisms that we can immediately absorb 
this labor as it is released. That it always has been ultimately 
absorbed is a reasonable guarantee that it all will ultimately be 
absorbed, even though there are periods of readjustment that 
are difficult to deal with. 

So let us proceed with the firm belief that what we are doing in 
intensive mechanization in our present industries is for the great- 
est good of the greatest number. 

The problem then, stated in its broadest terms, is simply this: 
We must reduce our unskilled workers per industry to the veriest 
minimum by all the aids and skill at our command, and at the 
same time increase the productivity of the balance to the maxi- 
mum both as to production per dollar of payroll and as to indi- 
vidual earnings on purchasing power. 


Cost oF HANDLING MATERIALS 


The public is slowly beginning to appreciate the fact that the 
cost of living is intimately related to the cost of production and of 
distribution, and that one of the big factors in the cost of pro- 
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duction and of distribution is the enormous toll due to handling, 
picking up and putting down, and rehandling the materials of 
agriculture and industry. Think of it! a manufacturer of agri- 
cultural implements in a modern plant estimated that he had to 
handle 108 tons of materials for every ton of finished product 
f.o.b. his plant! 

Before the war the railroads normally handled about 1,000- 
000,000 tons of miscellaneous freight annually, and the seaport 
terminals handled about half as much more as package freight, or 
500,000,000 tons. It has been estimated that adequate materials- 
handling devices could handle this tonnage at a reduction in 
cost of $400,000,000 annually. If this saving could be distrib- 
uted equally per family it would represent an annual saving of 
$16 for every family in the United States. What this saving 
might be if the enormous tonnage handled annually in industrial 
plants could be similarly reduced in cost is problematical; that 
it is several times $16 per family per year is unquestionable. I 
have estimated it at $400 per family per year. 

A survey made for a leading trade paper a year or two ago 
indicated that the materials-handling labor cost to American 
industry was 22 per cent of the total annual payroll of the Ameri- 
can manufacturing industries in 1923, which was $14,017,107,000; 
and 22 per cent of this amounted to $3,084,000,000. 

Eugene B. Clark estimates that manufacturers in this country 
pay for moving materials within their plants 80 per cent of what 
they pay for freight, express, and parcel post annually. 

It took decades and armies of men, thousands of whom perished 
on the job, to build the pyramids or the ancient South American 
structures; yet we build structures of similar dimensions and of 
infinitely greater complexity today with hundreds instead of 
thousands; in a year or two, instead of decades. How? 
By perfection of labor-saving devices and organization. 

It can be taken as axiomatic that nothing is where you want 
it or where it must be finally placed in so far as raw materials 
are concerned, and usually in so far as finished goods are con- 
cerned, so that the pyramiding of tolls on account of the handling 
of the rawest of raw materials to the most finished of finished 
products is enormous. 


Human Wants 


Now the starting points of the supply of human demands are 
the raw materials of nature in the animal, vegetable, and min- 
eral kingdoms, in the air or on or under the earth’s surface or 
the waters thereof. 

We now have the rough dimensions of our problem of supply, 
what are the factors in it, economic, psychological, political, and 
engineering. It is necessary to determine the economics of the 
situation in order to decide as to what investment is justified. 
Frequently the opposition in the change from the old methods to 
the new devices is psychological owing to a misconception of the 
effect of the program on an individual or a group, or it may be 
because of plant or labor-union politics, and again it may come 
from lack of appreciation or from misconception. 


Some Important Facts In MATERIALS HANDLING 


Suppose we set down the known facts such as will guide us 
properly to a correct solution of the materials-handling problem 
and the right use of materials-handling devices. 

New-Plant Operation. In a new industrial undertaking ma- 
terials handling is an important factor in determining 


(a) Plant location 

(b) Plant layout, present and future 

(c) Departmental layouts and sequences 

(d) Production equipment, layouts, and sequences 
(e) Plant output 


(f) Operating costs per unit of product. 
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Obviously for a minimum investment and lowest cost of opera- 
tion consistent with the present state of the art the new plant 
should be so located as to take full advantage of all the natural! 
advantages available. The materials-handling methods and 
devices should be sufficiently worked out at the time the plant 
is designed so as to make them an integral part of the design. 

An industrial plant is not a box in which you dump in the 
three ‘“‘m’s,”” money, men, material, shake them around, and 
precipitate finished products. It takes brains, knowledge, and 
experience to properly design, build, equip, and operate an 
industrial plant. Why therefore perpetually handicap the busi- 
ness by embodying in unyielding bricks, mortar, steel, and con- 
crete at the start, conditions which make it economically impus- 
sible properly to install and operate adequate materials handling 
equipment? Yet it is being done every day. 

Existing Plant. In an existing plant the proper selection of 
adequate materials handling equipment will 


(a) Increase the output 
(b) Lower the cost 
(c) Facilitate administration and management, 


IMPORTANT PRINCIPLES 

Every element of materials-handling equipment should be 
selected not only to perform the work at present but in most in- 
stances, except in specifically isolated cases, to fit into the pro- 
gram conceived for the ultimate plant or the rehabilitation of th: 
existing plant. 

Eliminate all unnecessary handling operations; perform al! 
necessary handling operations by gravity wherever economical!) 
possible. This statement seems almost axiomatic. Yet it is 
no uncommon thing to go into a plant and see laborers perform- 
ing operations that are totally unnecessary, many of which could 
be eliminated at a very moderate expense, and some of which could 
be eliminated by the application of brains and planning alone. 

Choose the methods and equipment for performing the neces- 
sary handling operations that will result in the lowest cost. You 
will find very often that your first solution of the problem oes 
not result in the lowest cost when compared with your subse- 
quent solution. It is therefore decidedly advisable to compar 
the cost per unit handled obtained from several practical methods 
of solving the problem, and then select the methods and equip- 
ment that will result in the lowest cost. 

Choose standard proved and tried equipment wherever pos 
sible. Few businesses can afford to divert the efforts of the 
organization or the facilities of the plant to experimenting 
produce a new materials-handling device unless the nature 0! 
the product and the processes or the intermediate operations 
are such as to render it advisable to design devices to suit con: 
ditions that equipment now on the-market cannot successfully 
meet. Otherwise it is decidedly better to endeavor to solve the 
problem by the selection of known and proved equipment 

In a new plant the materials-handling devices and equipment! 
should for lowest investment costs be an integral part of th 
plant in many instances. In designing a new plant and in & 
lecting a site for one every natural advantage that can be calle 
to aid, either in eliminating the amount of material that has' 
be handled or the length of the travel, should be utilized. Fre 
quently gravity can be made to do a large portion of the work 
in which case slides, chutes, rollways, bins, and the like usual! 
can be made an integral part of the structure. 

Provide for flexibility so that a failure of any of the material 
handling devices or equipment will not shut down the plant. I 
any materials-handling system the equipment required show! 
be so arranged and selected as to provide flexibility in ope™ 
tion, so that production is not tied up by the failure of any e 

ment or unit of the materials-handling equipment. 
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The path of the material should be as direct as possible from 
the receiving point through processing steps without rehandling 
and with the minimum retrogressions in the whole line of travel. 
Before arranging for any system of shop or plant transportation 
a study should be made to see if the departments can be so re- 
arranged as to permit minimum travel in logical sequence with 
the minimum of retrogressive movements. In other words, 
do not transport materials any farther than is absolutely neces- 
sary. Frequently a study of the departments, their relation- 
ships, and the sequence of operations or processes will show that 
a rearrangement can be made to advantage. 

The investment must be justified by the return. It stands to 
reason that the return on the investment should be such as to 
justify it. Many of the progressive companies have a fixed 
policy that provides for the scrapping of any piece of equipment 
or process whenever it can be shown that the proposed piece of 
equipment or process can earn 20 to 25 per cent. Obviously 
this is good business. 

The return should provide for adequate fixed charges. In 
order to show the proper return on the investment, provision 
should be made in calculating fixed charges for interest, taxes, 
depreciation, insurance, obsolescence, etc. 


Wuat Mareriats-HANDLING PRroGRAMS WILL ACCOMPLISH 
Properly selected and installed handling equipment will 


1 Permit transferring to the capital account of the portion 
of overhead that is composed of indirect labor 

2 Reduce the manufacturing cycle 

3 Reduce the process inventory 

4 Speed up, coordinate, and stabilize production 

5 Facilitate the obtaining of accounting and production 
data 

6 Substitute automatic mechanical scheduling for the 
former complicated expensive schedule and production 
systems 

7 Govern the layout of new plants and improve the per- 
formance in existing plants. 


W. F. Merrill, president of the Lamson Company, makes 
this statement: ‘The usual concept of industrial transportation 
problems has been confined to the man-saving, the labor-saving 
functions. True it is that this one element alone has already 
effected such great economics as amply to justify the time and 
thought spent on its development, but without minimizing the 
self-evident values of this one economic function, the broad 
principle behind the movement still seems to be but imperfectly 
understood and insufficiently applied to use. 

“The industry of the future will in my opinion devote as much 
time to a scientific coordination of its manufacturing and mate- 
nals-handling elements in their relation to production flow as it 
now denotes to the invention, design, and manufacture of its 
product and the machines that make it. 

“Synchronized material movement and the grouping of pro- 
duction processes are important principles in the proper working 
out of the transport science in production. Systems of convey- 
ing properly applied may enhance production 10, 25, or 
even 50 per cent with the same man power and machine equip- 
ment. 

“In the travel of material through the processing route it is on 
the average worked on less than one-third and often but one- 
sixth of the time. Work in process is thus often the graveyard of 
profits.”’ 


Some RuLes ror SecurinGc ECONOMIES 


Mr. McLain of the General Electric Company sets up the 
following rough list of instances where economies may be hoped 
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for in the use of machinery instead of men, where said men are 
unaided by any mechanical device: 


1 Where three or four men are working together on one 
job for a couple of hours at a time, even though the 
work is not performed more than three or four times a 
week 

2 Whenever a man has to lift anything from his feet to a 
point above his head 

3 Whenever a man has to lift more than 50 lb. from his feet 
to his shoulders 

4 Whenever a man has to lift more than 100 lb. from his 
feet to his waist 

5 Whenever a man has to lift more than 150 lb. from his 
feet to his knees 

6 Whenever a man has to stand in one place steadily 
moving material for over 30 min. 

7 Whenever a man has to move material sidewise more 
than 6 ft., that is, two steps 

8 Whenever a man or a group of men, although moving 
around in a small radius, has to move more than 10 
tons of material per hour. 


SELECTION OF EQUIPMENT 


One of the things that is the cause of much subsequent economic 
woe in the selection of materials-handling equipment for a specific 
set of conditions is confusion between service and mere mehcani- 
cal or electrical performance. A piece of equipment may be 
mechanically perfect, yet its selection for a given set of conditions 
be an economic crime because it is not designed to function so as 
to meet all of the conditions imposed and therefore operates at a 
loss. 

The equipment companies are somewhat to blame for this 
situation. Rarely do their sales representatives know anything 
about the equipment of other manufacturers unless they are 
directly competing along absolutely parallel lines. It is my 
firm belief that the equipment manufacturer in the long run 
would have more friends and build up a more substantial good 
will if they would refuse orders as well as take them; in other 
words, if they would insist on selling service and serviceability 
rather than pieces of equipment. 


CoMPARATIVE Costs 


There is a serious lack of fundamental data as to costs of opera- 
tion and a confusion of these costs. The Materials Handling 
Division of the A.S.M.E. is endeavoring to act in a coordinating 
and collecting capacity with respect to this phase of materials 
handling, and has devised and set up standards and formulas 
for comparing correctly dissimilar methods; this is nothing more 
than the application of mathematics to economics. 


PLANT TRANSPORTATION 


We sometimes fail to realize what transportation costs. Why? 
Because some accountant once said that it was an overhead 
charge, and therefore it is buried in that sink hole labeled “‘over- 
head.’”’ Manufacturers can tell you exactly what their raw 
materials cost, how much they use, what their losses are, etc., and 
similarly with labor; and yet very few have set up the machinery 
to know what their shop transportation actually costs them. 

When you once take the transportation problem apart, study 
the equipment, methods, rolling stock, right of way, dispatching, 
commodities handled, and assess the costs properly, you will usu- 
ally get a shock. 

There is hardly an industrial plant where costs cannot be re- 
duced, without necessarily reducing wages, and one of the little 
gold mines in which I recommend you to delve is shop transport a- 
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tion in its broadest sense. You will frequently find that the out- 
side consultant can bring to bear a wealth of experience in varied 
lines that will materially assist you to a right solution of the 
problem and the real dimensions of the justifiable expenditure. 

There are many intangible benefits that directly accrue from 
the correct solution of shop-transportation problems besides the 
direct saving in labor. These are: 


1 Reduced production space, permitting increased produc- 
tion in the same place 


2 Lowering the cycle of goods in process 
3 Reduction of inventories 
4 Steadying of production and enhancing the control, 


resulting in better deliveries, increased sales, and more 
efficient purchasing 

5 Speeding up of labor, since machines and men are not 
kept waiting for material 

6 Better cost and production records. 


Occasionally one meets a reactionary, who immediately ob- 
jects to materials-handling methods because it adds complication 
to his plant. Complication! If you could see the complicated 
maneuvers some of them go through to obtain production, you 
would immediately say, ‘Yes, we'll resort to the paradox of add- 
ing complexity to complexity to attain simplicity.” That may 
be too deep for some of the reactionaries. 


RELIABILITY OF EQUIPMENT 


Tried and proved materials-handling equipment produced by 
reliable manufacturers is just as dependable in performance, and in 
freedom from breakdown, and just as economical in operation 
and maintenance as the productive equipment proper. Few 
charges to the contrary can be sustained. If breakdowns occur, 
if maintenance is high, it is owing to a lack of care, to improper 
selection of the units in the first place, and to overloading the 
equipment. 


GENERAL SITUATION IN THE CoaL INDUSTRY 


The general situation in the coal industry is no different from 
that of other industries. You have a given fixed investment, a 
given amount of fixed charges. If you can reduce your processing 
cycle by reducing the total time it takes to get out a ton of mar- 
ketable material and get it on the market, you have increased 
the turnover of your fixed assets. You may have increased your 
processing indirect expense by the amount of additional fixed 
charges on materials-handling equipment, but you have decreased 
your direct expense, and the net result is a reduction in cost per 
ton of marketable material. 

For example, an attempt was made to market coal from a vein 
in a drift mine by simply dumping the raw coal into cars. The 
coal was so dirty, however, as to be practically unusable and unsal- 
able. A modern tipple with elevating, conveying, crushing, 
screening, and washing systems was installed. While it added 
much to the cost of handling, yet it so improved the product that 
it found a market at satisfactory prices. Now to have cleaned 
and graded this coal by hand, even in the low-cost-labor dis- 
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trict where this mine was located, would have been prohibitive. 

I am unaware of the average labor cost per ton of mined coal, 
but I believe that 65 to 70 per cent of the total cost f.o.b. the 
mine would be a fair assumption and come reasonably close to 
the facts. 

The Carnegie Institute of Technology in its Bulletin No. 17, 
**Mechanical Loading in Coal Mines,’’ shows that average savings 
of 37 per cent can be made by the use of loading machinery. This 
average is obtained from a range of 49 per cent, when a high 
wage scale is used, to 22 per cent for a low wage scale. For seoop- 
ers and conveyors, the loading in thin beds, average savings of 
35 per cent can be made. This was obtained from a range of 
40.3 per cent in high-wage-scale districts and 23.4 per cent in the 
low-wage-scale districts. 

At my request W. K. Liggett 
amples of labor cost per ton of coal produced at the mines 
(Table 1). 


submitted four typical ex- 


TABLE 1 


Example 1 Example 2 Example 3. Example 4 

6'/e-ft. vein, 4-ft. vein, 5-ft. vein, 6-ft. vein 

drift mine, drift mine, shaft mine, shaft mine 

Pennsylvania, West Virginia Indiana, Ilinots, 

Operation non-union non-union union union 

Cutting $0.12 $0.11 $0.14 $0.14 

Loading 0.41 0.48 0.81 0.80 
Miscellaneous day labor 

underground.......... 0.13 0.16 0.30 0 30 
Miscellaneous day labor 

above ground ©. 0.15 0.24 0 24 

Total... $0.78 $0.90 $1.49 $1 48 


It will be noticed that the loading cost in the non-union mines 
was 52'/, per cent and 53'/; per cent, and in the union mines was 
54'/. per cent and 54 per cent, so that regardless of the wage 
scale the loading cost was better than 50 per cent of the total 
cost in each case. This portion of the processing then would 
seem to indicate an opportunity to apply mechanical appliances 
and intensive materials handling, for if this cost could be lowered 
40 to 50 per cent it would effect a material reduction in the total 
labor cost, and hence in the total cost of production. I have 
cited these cases simply as indicative of the mode of attack used 
in industry when confronted with similar problems. 

Mined coal handled with locomotive cranes, for example, 
shows an average cost of 18 per cent of the hand operations, after 
including liberal charges for maintenance, fixed charges, and 
operating costs. 

Economy in moving material, then, is secured as a rule by not 
moving it by hand. 

The cost of production of most products is almost directly pro- 
portional to the cost of handling the various materials, direct and 
indirect, used in the process, be it extraction or manufacturing 
industry. 

Material in traveling through the processing route is worked 
on (i.e., direct labor operations) on the average from 30 to 40 
per cent of the possible time, and frequently only 15 to 20 per 
cent, so that it behooves us to analyze our work-in-process a¢- 
counts and see what is buried in them and what can be done to 
increase the turnover. Proper materials-handling programs and 
equipment are usually the answer. 
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The paper outlines briefly the organization which has in charge 
the materials-handling activities of the Westinghouse Elec. & Mfg. 
Co. at East Pittsburgh. It describes the equipment used, the opera- 
tion of it, and the methods of its control, and several of the wage- 
incentive plans which are used in the payment of the employees of 
the Plant Transportation Department. The paper concludes with 
a statement of some of the economies resulting from the organization 


described. 
importance in activities are considered of 


sufficient importance in the Westinghouse Elec. & Mfg. 

Co. to justify the existence of a separate department 

whose responsibility it is to transport all material within the 
works in the most efficient and economical manner. It is the 
purpose of this paper to outline briefly this organization, its 
operation, method of control, and several of the incentive pay- 
ment plans used with some of the economies resulting from them. 
The combination of the various means of material transport, 
such as trucks, cranes, elevators, etc. into one department makes 
possible quicker and more efficient service, for in most cases 
material is handled by more than the one transportation means 
before it reaches the shipping floor in its finished state. Thus, 
with the various units closely linked together and under one con- 
trol, no time is lost in transfer and the proper method is used 
at the right time. This in itself isan argument in favor of cen- 
tralized control of all material-transportation activities, for in 
considering materials-handling problems, no general engineering 
formula can be applied, but all available means of transportation, 
and their relation to one another, must be considered before the 
best solution can be reached. 


ORGANIZATION AND EQUIPMENT 


The materials-handling department at the East Pittsburgh 
Works of the Westinghouse Elec. & Mfg. Co. is called the Plant 
Transportation Department. This name in itself pretty well 
describes the function of the department. Materials-handling 
may be divided broadly into two general classes: first, that within 
the individual manufacturing section where it may be from ma- 
chine to machine, or from operation to operation, so that the time 
consumed, or a greater part of it, is usually included in the 
manufacturing operation; and second, the movement from 
section to section, whether of raw material, finished, or semi- 
finished apparatus. It is mostly with the latter division that the 
Plant Transportation Department deals. 

An idea of the transportation problems at the East Pitts- 
burgh plant can be secured when the size of the plant is con- 
sidered. The longest distance for an interdepartment haul 
8 about one and one-half miles with an average haul of about 
one-half mile. Most of the buildings are two story, but as an 
| ception there is one nine-story building and three four-story 
buildings, making a total manufacturing floor area of more 
than 4,000,000 sq. ft. As can be seen, both horizontal and 
vertical transportation must be considered. 

_In addition to the main works, there are three outlying de- 
' Supervisor of Transportation, Westinghouse Elec. & Mfg. Co. 
Contributed by the Materials Handling Division and presented 
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A Materials-Handling and Transport 
Organization 


By C. A. FIKE,! EAST PITTSBURGH, PA. 


partments at distances ranging from one-half to two miles which 
must receive the equivalent of the interdepartment service, 
notwithstanding the fact that material must be handled by two 
different transportation mediums—motor truck and industrial 
truck. Also, service must be maintained with the other Westing- 
house plants in the Pittsburgh district located at Pittsburgh, 
Homewood, Wilmerding, and Trafford. Irregular but frequent 
truck and taxi service must be furnished for KDKA radio station 
and its various studios and pick-up points. 

In the Plant Transportation Department are five branches of 
materials-handling activities, the work of each one being coor- 
dinated and fitted in with the others by centralized control from 
the general office. A brief description of each of these follows. 


Tue STANDARD-GAGE RAILROAD 


On account of the size and the layout of the plant, which 
places railroad tracks in each building where large apparatus is 
received or shipped, considerable use is made of these facilities 
and four 60-ton steam locomotives, with about 100 cars operating 
over 11 miles of track, are kept busy. This work is under the 
control of a yardmaster and an assistant. 


Fic. 1 A Loapep InpustriaL Rarmtway Tratn SHOWING THE 
MISCELLANEOUS NATURE OF THE WorRK HANDLED IN THIs Way 


Recently trials have been made on this work with a Diesel 
oil-electric locomotive which proved the economy of this type 
over the steam locomotive; a saving of 35 per cent in operating 
and maintenance costs resulting. The tendency will be to 
replace steam power with the better fitted oil-electric haulage units. 


AUTOMOBILES AND TRUCKS 


To take care of material movement between plants in the 
Pittsburgh district, other than railroad movements, a fleet of 
eight trucks is maintained. Where needs are regular, scheduled 
service is maintained; where of an irregular nature, service is 
furnished on request. Thissame ficet takes care of local incoming 
and outgoing city movements. In this same department is 
operated a fleet of eight passenger cars which takes care of relief 
and medical-department work, as well as taxi service for officials, 
which is necessary on account of the scattered layout of the 
plant. 

Maintenance of cars and trucks is taken care of within the 
department, the whole of which is in charge of a foreman. 


INDUSTRIAL RAILWAY 
The industrial-railway department furnishes scheduled ser- 
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vice to all parts of the plant, giving such frequency of service 
as to furnish about eight-hour delivery between any two points 
in the works. The railway service is mainly intended to take care 
of the movement of bulky or full-load material, such as castings 
from storage to manufacturing sections and scrap from these 
sections to the scrap house. Eleven storage-battery locomotives 
with six hundred 2!/:- and 5-ton cars, running on 8'/. miles 
of 2l-in. gage track, serve this department. Trains are made 
up to 25 tons of carrying load. 

This work is in charge of a foreman, who has under him group 
leaders in charge of each route. Car movement is controlled by 
a movement tag which, when attached to a loaded car by a de- 
partment, gives shipping directions and authority to move the 
car. A detachable stub on this tag is also used in billing the 


Fig. 2 A ComMBINATION OF MATERIALS-HANbDLING UNITS; CRANE, 
INDUSTRIAL RAILWAY, AND ELEVATOR 


department for railway service and as a basis of an incentive 
wage-payment plan which will be described under another 
heading. 

CRANES 


Cranes form a vital link in the transportation system and are 
located throughout the works, in all buildings, storage yards, 
and transfer points. There are 172 electric traveling cranes in 
the works, with capacities up to 100 tons, located to serve the 
manufacturing sections, the storage yards, scrap-metal handling, 
and the transfer of material from one transportation unit to 
another. The operating control of these cranes rests mostly 
within the sections in which the units are located, but responsi- 
bility for maintenance and operator efficiency rests in a separate 
department under a foreman. 


ELEVATORS 


Efficiency of elevators has a considerable bearing on the 
operation of a transportation system, for nothing detracts from 
high running-time efficiency of trucks, etc., more than elevator 
waits. During the last two years the East Pittsburgh works has 
practically completed the revision of its elevator facilities, with 
the result that all multi-story buildings are served with standard 
5-ton freight elevators equipped with direct-current motors and 


running at 100 ft. per min. with the necessary higher speed and 
smaller capacity, passenger elevators. A standard body, 11 ft. 
long by 8 ft. wide, is used, affording ample clearance for al! 
loads handled on trucks. The elevators are built in fire-proof 
wells and fitted with all modern safety appliances. Operation 
and maintenance of elevators is under control of a foreman, the 
same foreman taking charge of this who has charge of cranes. 


INDUSTRIAL ELEcTRIC TRUCKS 


For shipments of partial loads at intermittent intervals where 
the time element is more important, a fleet of 85 electric indus- 
trial trucks is used. Control is the most important feature in 
determining the efficiency and economy of this service. It must 
be readily available to be at all useful, and at the same time, 
trucks must be running at all times under as full a load as pos- 
sible in order to secure efficiency. These two factors do not al- 
ways work together, as time is an important production element, 
and the ordinary inclination is to disregard load efficiency in favor 
of the former. 

To overcome this disadvantage, the shop was divided into 
districts and all trucking service for each district is handled by 
a dispatcher who has a sufficient number of trucks under his con- 
trol to take care of all wants. From a reserve number of trucks 
made available by the increased efficiency afforded by this plan, 
trucks are added to the district if the production load increases, 
or if the load falls, trucks are added to the reserve. Close check 
is kept on the truck loading and only sufficient trucks to take care 
of the needs are kept in service. Requests for service are tele- 
phoned in to the dispatch station, in advance if possible, and are 
recorded and placed on a dispatch board. From this board the 
dispatcher makes up his loads, combining requests when possible, 
and assigning the work to the trucks as necessary. Work which 
must be handled regularly is scheduled and taken care of by the 
dispatcher without any special orders. The dispatchers in turn 
report by telephone at scheduled intervals to the works-trans- 
portation office, stating the number of loads and the time of the 
oldest load on their boards; as these fluctuate the trucks are 
shifted from one district to another so that daily peaks are taken 
care of and quick service is maintained. Provision is mace for 
securing return loads by having the trucks stop at the other 
district dispatch stations on all return trips. However, most o/ 
this type of trucking is confined within the district since the indus 
trial railway, as explained, takes care of bulk distant shipments. 

Material from storerooms is delivered to the manufacturing 
sections through the dispatch stations. The section needing 
material telephones its requirements to the storeroom, the 
requisitions charging the material to the correct accounts are 
made out by the storeroom, the material ordered is removed from 
stock, placed in the proper containers, and loaded on truck 
skids which are picked up by lift trucks ordered from the dis 
patch station by the storeroom. The material, which in 4 
greater number of occasions is in small lots, is then delivered by 
one truck, rather than by each section’s sending its own truck of 
messenger. This eliminates a large number of partial-load hauls 
and also reduces expensive messenger service to a minimum. 

Another odd job handled through the dispatch station is the 
delivery of the pay envelopes from the paymaster’s office to the 
various pay stations located in the works. This is carried out 0 
a schedule from which very little variation is allowed, but the 
trucks experience no trouble in meeting the close requirements. 

In addition to this regular use of industrial electric trucks 
there are special uses to which they are applied, resulting © 
lessened material-handling costs. 

Three trucks are assigned as carrying units for a shop-expre* 
plan, corresponding to a parcel-post system, which handle 
packages of about the same sizes and weights. Four-how 
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service is given to the entire East Pittsburgh works and other 
Westinghouse plants in the Pittsburgh district. About 900 
packages are handled per day at a cost of three cents per package. 

Tiering or high-lift trucks are used in the punch-press depart- 
ment for the handling of dies between machines and storage. 


Fic. 3 Ovurpoor Castine Storage, SHowina 
Set-Up: Crane Can SERVE THE STANDARD-GAGE 
RalLroaD, INDUSTRIAL Rartway, oR INDUSTRIAL ELEectric 


In some departments it has been found economical to use trailers 
with trucks, thus doubling or bettering their capacity. 

Another truck is fitted as an emergency wiring shop, enabling 
the wiring-gang quickly to reach and repair any break in the 
shop electric service. 

Trucks collect all wood-scrap, garbage, etc. and take it to 
the refuse-burning boilers. This work is done at night, the trucks 
running on scheduled routes covering the whole plant. By doing 
the work at night, aisle congestion is avoided and better time 
is made. 

Skids, or lifting platforms, are used extensively throughout 
the works. It was found that the standard skid, designed for 
the rather narrow platform of the standard electric lift truck, 
did not permit the handling of large enough loads where bulk 
rather than weight was the determining factor. So a skid 48 X 
544 X 11'/, in. was adopted as standard, allowing more eco- 
nomical handling of such loads as boxed electrical goods, vacuum 
tubes, ete. To take care of this size skid, it was necessary to have 
the truck manufacturers furnish their lift trucks with a platform 
40 X 50 in. instead of the 30-in. wide platform which is usually 
supplied. This size of platform allows the truck to be used as an 
ordinary platform truck, thereby adding flexibility to its appli- 
cation, 


INCENTIVE PAYMENT PLANS 


Coordination in itself makes for greater efficiency but at an 
early stage in the work it was seen that some method of increasing 
individual effort was necessary. The work was scattered over 
the whole plant, personal supervision of the foreman in charge 
was impossible except in a few cases, delays and waits on elevators 
and cranes were common, and investigation after the delay had 
curred was of little use. It was felt that an incentive wage- 
Payment plan placed on the various lines of work would help 
liminate delays and stimulate personal effort on the part of 
‘ansportation men; rather than sit down and wait for a crane 
uft the truck operator would hunt up a supervisor and insist that 
his work be taken care of in a reasonable length of time. To 
stablish such a payment plan took considerable investigation and 


MATERIALS HANDLING 
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an attempt will now be made to show how a plan was worked for 
several of these activities. 


INDUSTRIAL RAILWAY 


A survey of the plant was made and conditions affecting indus- 
trial-railway work were studied, such as routes to be followed, 
material handled, frequency of service necessary, and other 
factors. Routes were then established, taking these points into 
consideration. 

Time studies were then taken over a period of several weeks, 
securing time values on the getting of loaded cars from the 
various sections and their disposition, the spotting of empty 
cars, the time in transit, and the time lost in transit due to various 
unavoidable delays. 

An analysis of these studies showed the following detail 
operations: 


1 Couple and uncouple car (performed twice per car) 
2 Switch car (performed twice per car) 

3 Deliver car (performed once per car) 

4 Allowance for delays (allowed once per car). 


The time for each of these detail operations was secured by 
taking the total detail time of each operation and dividing this 
by the total number of cars handled during the time of study. 

This procedure is repeated for each manufacturing department 
served by the route. 

From past records, the total number of cars handled per day 
for each section is secured, then by using these figures as a multi- 


Fic. 4 Tue Tracks WHERE INDUSTRIAL RAILWAY 
Trains Arp Mave Up sy Yarp Crews 


(This corresponds to the classification a in any standard-gage railway 
yard. 


plying factor and dividing the sum by the total number of cars 
handled per day, an average time per car is secured, which is 
used as the base time for establishing a payment plan on the 
route studied. 

This figure is multiplied by the number of men in a crew (two) 
in order to secure the time in man-hours. 

This is, of course, an average time and if applied to a single 
car movement would not check, but by using the group system 
of payment it proves accurate enough for all practical purposes. 

In order to secure a check of the number of cars handled, a 
checker, stationed at the classification shed, keeps a list of the 
car numbers brought to the shed. This list, in conjunction 
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with the stubs of the regular car-movement tags which are pulled 
when the cars are delivered to their destination, gives a record 
of the number of cars handled and is forwarded to the payroll 
division as a basis of payment. 


Tue Group System 


A brief explanation of the group system of payment is in order, 


since this is a part of all transportation payment plans. 


A number of men, working on any certain operation or oper- 


ations, are formed into a group under the leadership of one in- 


dividual, called the group leader, who is responsible for the plan- 
ning and direction of the work. The time made by the group is 
pooled for each pay period and distributed to each workman on 
the basis of the number of hours worked by each. Allowance for 
the time taken by the group leader in supervision is made 
on the basis of the number of workmen in the group. 


Fie. 5 Carryine UNITS FoR THE SHOP ExpREss 


The body design was adopted after considerable experimenting and com- 
bines carrying capacity with lightness and strength.) 


Under the plan the time values, which are, as explained, neces- 
sarily average, can be applied and distributed over a pay period 
and the individual inequalities are smoothed out. 

The group system is peculiarly fitted for transportation and 
materials-handling work as the members of the group, knowing 
that their pay depends upon the earnings of the group as a whole, 
do not hesitate to assist one another and thereby save many 
delays. If workers are paid on an individual basis, this is 
not always the case. 


PayYMENT PLAN ON INDUSTRIAL TRUCKING 


Placing the industrial trucking on a dispatch system had 
greatly helped trucking efficiency but a limit seemed to have been 
reached where further gains to be secured by combining loads, 
routing of truck trips, use of trailers, and other factors could not 
be secured. The speed of the trucks was limited but it was 
felt that if the driver could be encouraged to use greater effort 
and exercise ingenuity to meet different situations, further econ- 
omies could be made, so a wage-payment plan was established on 
this work. This was pioneer work, for although payment plans 
had been established on other truck work where the routes 
and work performed were standardized, here was an entirely 
different problem. Trips were on call, at one time the dispatcher 
might combine a number of calls into one load, at other times the 
same route would be covered to fill one call; sometimes trucks 
were loaded to capacity, at others only a small part of the capacity 
was used; lift-truck loads were different from platform loads since 
no loading and unloading time was involved. 

The most practical way of basing payment was on the load or 
call as shown on the dispatcher’s board ticket, so the problem was 
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to secure a time value which could be applied to the average load. 

Time studies were taken on the work from each manufacturing 
section served by the dispatch district, which showed the running 
time, loading time, unloading time, and delays of each type 
of truck used on the work. From these data, a time value for 
the average load from each section was secured. The next step 
was to secure a time value for the average load in the district. 

From data secured on the time studies and from past records 
of the work performed in the district, the number of loads per day 
from each manufacturing section in the district was secured and 
this figure used as a multiplier of the time value for the average 
load. The total divided by the total number of loads gave a 
time value which could be used as a base time for each load or call 
on the dispatch board. 

This was similar to the plan used on the industrial railway, but 
the studies disclosed one fact that had to be taken into con- 
sideration. That was the number of loads or calls per truck 
could be increased considerably without proportionate increase in 
effort on the part of the truck driver. As an example, if the shop 
was busy and the production load was large, there would be a 
large number of calls on the dispatch board at one time and the 
dispatcher would be able to group several loads in one truck 
trip. The loading and unloading would perhaps require more 
time and effort on the operator’s part but the running time would 
show little variation, regardless of the load. From an analysis of 
these time studies and from studies taken over a larger period 
of time on similar work a multiplying factor was adopted, in this 
case 0.25, which then gave the true standard time on which 
payment was made. 

As a check on the number of loads hauled, a small slip or 
“truck service’’ requisition was adopted. Thisslip is filled out and 
signed by the foreman of the section requesting the truck service, 
showing the section requesting material to be hauled, its desti- 
nation, and the truck number answering the call. This slip is 
turned over to the trucker and at the end of his trip is turned in 
at the dispatch station. The slips are then checked against the 
call tickets taken from the dispatch board and furnish figures on 
which the payroll department makes up the pay. 

This work is also under the group-system payment plan. 


Suop-Express PAYMENT PLAN 


The three trucks operated as shop express carriers, as previously 
mentioned, are also paid on an incentive basis, studied in a simi- 
lar manner and administered in almost the same way. There are 
a few additional points in this plan. 

As the trucks must run on schedule, each trucker carries a card 
which is stamped by a time clock at several different points 02 
the route; the payment plan provides a penalty for non-ad- 
herence to this schedule. 

With such a large number of packages handled in such a short 
time, there is a possibility that goods will become damaged 
through hurried or careless handling. The payment plan pro 
vides a penalty for such cases. 

Delivering to so many different points in the shop, there is § 
possibility that the driver will make a wrong delivery. The pla 
also penalizes for such mistakes. 

Check on delivery and on quantity is provided for by the “shop 
express” shipping tag which must be attached to each article. 
This tag is serially numbered and has a detachable stub, both 
tag and stub show shipping section, destination, and identifica 
tion number. Upon delivery of the material at the destinatio, 
the driver detaches the stub, stamps the delivery-station numbe 
on the back with a rubber stamp located at each station. 4! 
the end of the day the stubs are turned in to the works traa* 
portation office where they are counted and then filed numerically 
according to date. This file furnishes a ready reference {0 
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MATERIALS HANDLING 


information concerning delivery of any material shipped on the 
express trucks. 

All transportation wage-payment plans involve the group 
system and the standard-time system of wage payment. These 
plans have been discussed fully in a paper? on “Coordinating 
Wage Incentives and Production Control” written by D. B. 
Charters of this Company. 

Incentive payment plans are not as yet established on all 
materials-handling activities, in fact, not much more than a good 
start has been made, but with the successful installation on the 
part of the work where it is already used, there is reason to believe 
that such plans can be worked out for a greater part of the work, 
and under the direction of the time-study division, arrangements 
have been made to continue the work as rapidly as conditions 
permit. 


ECONOMIES 


The economies resulting from this organization are not all 
measurable but nevertheless are of considerable benefit and their 
effect can be easily seen. 

One of the gains in the organization as a whole is the fact 
that all transportation facilities are under one direction, which 
means that the production or planning department has to deal 
with but one department, leaving it to this department to move 
the material in the most efficient manner. _ If it is necessary to use 
more than the one transportation medium, transfer arrangements 


Fic. 6 An Economicat Way or HANDLING PAPER STOCK 
(Showing the adaptability and capacity of the lift truck.) 


can be made easily without referring to several department heads. 
As an example, a casting is to be brought from an outside source. 
This must first be loaded on an automobile truck and brought 
to the plant, then unloaded from the truck by crane to the in- 
dustrial railway, and transferred to the section doing the first 
machining work. Without a central transportation department 
it would have been necessary for the production supervisor to 
get in touch with the truck department, the crane department, 
and finally the industrial-railway department. 

In making layouts for new manufacturing sections the layout 
division needs only to consult with one department in order to 
arrange for transportation facilities. This also holds true of 
any other staff activity touching upon or desiring information 
covering transportation work. 

Another economy, part of which can be measured, is that af- 
forded by the installation of the truck-dispatch scheme. This 
supplanted a method of control in which trucks were assigned to 
departments under the direction of the individual foreman. 


_ 


* See Trans. A.S.M.E., vol. 50, 1928, paper MAN-50-3. 
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Hand trucking between departments was practically eliminated 
because the industrial-truck service was made so readily available 
that the supervisor used it in preference to hand trucking. Any 
transportation scheme which does not take this fact into con- 
sideration and does not avoid all needless ‘‘red tape” can hardly 
hope to meet with success, for it is only with the full and un- 


Fig. 7 An DispatcnH STATION SHOWING THE 
Dispatcu-Boarp Layout 


forced cooperation of every line supervisor that efficiency can be 
secured. ‘‘Service’’ must be the slogan of a transportation de- 
partment and this must be expressed in the working of the plan 
rather than by words. 

Another saving is a decrease in accidents, both to workers 
and to material handled. This work by its very nature is 
peculiarly subject to such troubles but accidents were reduced 
and damage to goods in transit lessened mainly by the closer 
supervision afforded by the plan and the closer check on the work 
performed, with the opportunity of placing responsibility for 
accidents on the right party, not losing sight of the fact that 
with a central organization better opportunity is afforded for 
teaching safety-first methods and spreading safety-first propa- 
ganda. 

Another gain was the better care given to equipment and a 
consequent lessening of maintenance costs as well as an improve- 
ment in appearance of the trucks, brought about by the fact 
that the dispatchers were close enough to the men to teach them 
pride in the appearance and operation of their trucks. 

One way of computing saving caused by the installation of the 
dispatch plan and the incentive payment plan on the industrial 
truck work is to figure the number of trucks doing the work at 
present as compared to the number prior to the plan. 

Formerly there were 88 trucks in service, some of these of 
course in stand-by service. At present there are 67 trucks in 
active service. Making allowance for six stand-bys in original 
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service, this shows a saving of 15 trucks. The operating cost 
of a truck is $130 per month. Subtracting from this saving of 
$1950 per month, the cost of running the dispatch stations per 
month, $950, we have a measurable saving of $1000 per month. 

On industrial-railway work a similar calculation can be made. 
With the installation of an incentive payment plan, a reduction 
of three locomotives and crews was made. The monthly oper- 
ating cost per locomotive and crew is $500. From the monthly 
saving of $1500 we subtract $550, the cost of administering and 
checking the plan, and a net saving of $950 results. 

Close check is kept on the production load, and materials- 
handling facilities are kept in accord with this load. At the 
same time, check is kept on individual unit efficiencies and prog- 
ress is being made on handling more material per unit, whether 
it be the railway or industrial truck. Under individual or sec- 
tional control it is hardly possible that materials-handling 
problems would receive the concentrated study given to it in the 
centralized department, for the attitude toward such problems 
would be influenced mostly by the effects on the section interested, 
while the effect on the plant as a whole would receive little con- 
sideration. 

The organization as outlined is not a panacea for all materials- 
handling ills, nor is there any assurance that it is one which will 
take care of the problems of the future, but after trials of various 
methods of materials-handling control by the Westinghouse 
Electric & Manufacturing Company, it is believed that this more 
nearly meets their present-day requirements and shows better 
results than any other plan which has been offered. 


Discussion 


G. H. Asuman.* Transportation at the General Electric plant 
follows rather different lines, although it is similar in some re- 
spects. All cranes and elevators, their maintenance, and their 
operators are under the control of one supervisor who has no 
connection with production work. Their movements, however, 
are entirely under the direction of the shop or section in which 
they are located. That applies also to yard cranes and all in- 
ternal transportation. A separate transportation department has 
charge of the movement of all material outside of shop buildings, 
four distinct methods of transportation being in use: (1) stand- 
ard-gage railroad, (2) narrow-gage railroad, (3) trucks, and 
(4) tractors and trailers. 

Included in the equipment of the standard-gage railroad are 
two 75-ton and five 50-ton electric locomotives. The narrow-gage 
road employs ten locomotives, ranging from 30 tons down to 10 
tons. There are 650 narrow-gage cars available. 

The industrial trucks are 67 in number, ranging from '/2 ton to 
5 tons. Of these 60 are electric and the rest are gas trucks. 

A new system of tractor and trailer transportation has just been 
inaugurated, and while still in its infancy, the results indicate that 
it will be most economical. At the present it consists of 7 trac- 
tors and 250 trailers. In addition there are 46 passenger auto- 
mobiles for official use, 7 of them with regular chauffeurs. Three 
electric buses operated on a regular schedule are run from one end 
of the plant to the other. The longest freight haul is about 1'/. 
miles, with the average around three-quarters of that. Approxi- 
mately 6,500,000 sq. ft. of manufacturing and storage area must 
be collected from. This is a little more than the space noted by 
the author. 

The standard-gage road handles the incoming and outgoing 
freight, also transporting the bulky material from one department 
to another. This operation is through a regular dispatching 
force of ll men. There is a yard master, an assistant yard mas- 
ter, a night yard master, and a route manager. All have automo- 


3 General Electric Company, Schenectady, N. Y. 


biles for keeping in touch with the crews in different parts of the 
yard. 

All requests for transportation are forwarded by telephone to 
the dispatcher’s office. A dispatch sheet is used rather than a 
dispatch board such as the author describes. The request is en- 
tered at the time of its receipt. Duplicate orders for the delivery 
of material are issued, on which are given the time the order is 
received, description of material, and destination. One copy is 
sent by mail to the man requesting the delivery, and the other is 
handed to the crew. Those two copies must check one against 
the other. This system applies to the standard-gage, narrow- 
gage, and to trucking, but not to the tractor-trailer system. 

The tractor and trailer service is a new and interesting develop- 
ment, flexible and instantly adaptable to sudden changes in rout- 
ing. This plant is divided into five zones, each zone being tended 
with a separate shuttle service. Every department in each of 
these shuttle-service zones has its own platform to which material, 
either in package or carload lots, is delivered and from which 
collections are made by the shuttle tractor. Located in the 
middle of the plant is a classification yard, and shuttle tractors 
deliver to and receive their trailers from this central point. 

Both gas and electric tractors are being used, and also a gas- 
electric type in which the power plant, consisting of a gas-electric 
generator, has been adapted to fit in the battery compartment 
of a standard battery truck. With this latter, maximum power 
is at all times available, with no loss of tractor effort due to partly 
discharged batteries. 

The group or premium plan of wage payment is not used, 
operators at present being paid straight day work. The cost of 
deliveries is computed from the completed trip, a completed trip 
being delivery of the empty car or the empty trailer for loading 
and its delivery to destination when loaded. 

The cost of a complete trip on the standard-gage averages 
$3.50 and for the narrow-gage about $1.15, these figures of course 
including all overhead expenses. For the tractor-trailer system 
the cost is only about 36 cents. The cost of operating the truck 
as given by the author, seems exceptionally low. From records 
of operation with which the writer is familiar, with two men toa 
crew, labor alone would amount to about $220. The gas con- 
sumption of a truck averaging 775 miles per month costs around 
$22, and the average repairs, including tires, amount to about $35. 
The writer cannot see how the cost of $130, as given in the paper, 
was attained. 


Witiiam Eimer.‘ The writer was recently astonished to 
learn in a conversation with a representative of the Department of 
Commerce that the total bill for materials handling in this country 
for 1926 amounted to four billion dollars. That includes the 
large unit carloads of coal, ore, etc. which are handled over dump- 
ing machines, but when we segregate the cost of handling mate- 
rials carried in small lots, there are various estimates, but the 
figures approximate a billion dollars a year. This is subject to 
considerable reduction by the use of such methods of transporta- 
tion as have been developed by the author of this paper. 

The individual studies in certain plants have shown savings of 
as high as 90 per cent in the cost of handling materials. Those 
figures seem almost impossible, yet when the details have beet 
studied both before and after the introduction of improved meth- 
ods they check. Assuming that such a figure as 50 per cent 8 
realizable, one can see that there is a mark worth shooting at— 
saving of half a billion dollars a year in the materials handling of 
this country. Suppose that 50 per cent is too great; halve it, and 
there is still a quarter of a billion dollar saving. 

The individual skid mentioned in the paper was selected on the 

‘ Special Engineer, Pennsylvania Railroad Co., Philadelphia, Ps 
Mem. A.S.M.E. 
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basis of experience. There are various types of manufactured 
skids as well as the home-made variety which are in use to the 
extent of hundreds of thousands. 

One of the largest manufacturers of trucks has said that he 
would willingly scrap all their dies, patterns, and materials if a 
standard skid or a few standard sizes could be agreed upon. 
Since a great deal of future freight movement will be made by 
standard-gage railway cars, it is evidently quite desirable to 
select a type of skid which can be used satisfactorily in box-car 
shipments, the idea being that when the material is shipped it can 
be loaded on skids. 

On reaching its destination it would be handled by the receiver's 
skid trucks. If a skid can be chosen which will pack into freight 
cars and allow the loads to be properly wedged and set for trans- 
portation so that the shocks of handling cars and railroad service 
will not damage the goods, undoubtedly large sums of money can 


be saved. 


H. P. Rem. One of the greatest problems of a standardiza- 
tion program lies in the great difficulty in meeting the different 
floor levels, the car-door size, the car size, and the eaves height. 
The floor levels constitute a great difficulty in the perfection of 
any kind of a standard box-car loader. 

The product of the writer's company goes out entirely weighing 
%5 lb. These sacks are loaded from 500 to 1200 or 1300 sacks per 
earload, which means stacking from four high in the larger loads. 
Many attempts have been made to develop a car loader for such 
packages, but thus far none has proved satisfactory, so far as the 
writer has been able to determine. 

Up until a year or two ago a standard box car was used by the 
writer's company for the transportation of empties from the re- 
covery and reclamation departments back to the packing depart- 
ment. It was found after a careful study that the time cost 
could be greatly reduced and the different stations supplied much 
more satisfactorily with empties by the use of an auto truck of 
special design. The loading stations for these empties are such 
that three different auto-loading platforms must be used. The 
distribution stations for this auto truck are 11 in one plant and are 
so scattered as to require trips for the auto truck of from a few 
hundred feet to half a mile. To cover this area with a sort of 
transportation system, from four to eight railroad switching 
tracks must be crossed. 

An automobile truck with a lifting body to take care of the de- 
flection of the springs as the load is applied was developed. This 
special-bodied truck with the use of platform trucks on caster 
wheels has reduced the costs of handling of empties about 50 per 
cent. The system paid for itself within twelve months. 

This company uses special-size platform trucks employing two 
rigid and two castering wheels. For this service the wheel- 
mounted platforms have been found far superior to the skids and 
lift truck. The returned empties are kept on wheels from the 
time they are received and unloaded from the railroad cars or from 
automobile trucks until they go into storage, and as they are 
taken out again, they are again kept on wheels until they have 
been filled at the packing plant. 

It has also been necessary to develop a special-width platform 
‘ruck for unloading cars. It was found possible to build a truck 
which would handle roughly 2 tons on four wheels, using alum- 
‘num instead of rubber tires, and one handled by two men which 
could be run into the box car, so that receipts from different 
shippers when mixed in the railroad car could be sorted, and the 
movement of these sorted shipments was much easier and speedier 
than could be accomplished with skids. 

_ The experience of the writer’s company with lift trucks has been 


_' Universal Portland Cement Co., 210 South La Salle Street, 
Chicago, Ill. 
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that the floors and runways have to be comparatively level to 
permit their operation. They cannot take care of heavy de- 
flections in the floor nor turn corners readily on inclines, as for 
instance from the unloading platform to car-floor levels. 


G. F. Tecan.* At the Swissvale plant of the Union Switch and 
Signal Company the coke formerly was brought in box cars and 
unloaded in the orthodox fashion, that is, by wheelbarrows, shov- 
els, etc. The limestone was handled in much the same way, and 
the pig iron and scrap were handled in open-top cars with a 
magnetic crane. 

Lately there have been certain changes in handling methods. 
Bins were built in the ground, and a trestle was erected for han- 
dling the coke and limestone. The old track was used for unload- 
ing the pig iron and scrap, which is dropped. As a result of those 
improvements, the superintendent of that plant said that they 
had reduced their man-hours from 49 to 22 and had cut the total 
cost of handling materials in their foundry practically two-thirds. 


P. W. Power.” Owing to the writer’s work at the Pittsfield 
plant of the General Electric Company in connection with the 
provision and use of equipment, there are points in this paper that 
are of special interest in connection with that work. 

Owing to the location, the long winters with accompanying 
snow and ice made the elimination of the narrow-gage track de- 
sirable. The substitution of tractors and trailers has proved to be 
of great advantage, since the cost of clearing snow and ice out of 
the grooves of the rails sometimes amounted to more than the 
trucking costs. 

Another point worthy of mention in connection with trans- 
portation by means of tractors and trailers is that a good runway 
or roadway is quite necessary to complete success. In the case 
of the Pittsfield plant, paving extensions of either concrete or 
brick, both outside and in the shops, made corresponding reduc- 
tions in costs of maintenance of floors and roadways and the 
ability to carry heavier loads and carry as high as 8 tons. The 
problem in this case is to get good wheels. Iron- and steel-tired 
wheels were used in the beginning, but it was found that wheels 
would occasionally break, and also they would damage the floors. 

Metal tires have been abandoned in favor of rubber tires, and 
little by little the quality of these has improved until now experi- 
ments with a recent type indicate that soon we shall have rubber 
tires that will withstand greater traffic over greasy and oily 
floors. 

When the more extensive use of tractors, trailers, and trucks 
was inaugurated at the Pittsfield plant seven or eight years ago, it 
was not so easy as it now is to purchase satisfactory trailers. 
Some were made at the plant and others were purchased. A good 
deal of expense was required for maintenance, for the bearings 
particularly. 

The millwright department always had two or three trailers 
under repair. Roller bearings of the spiral-wound type were 
tried. Their use has been extended until for the past three and 
one-half years no other type of bearing has been employed. A 
recent check-up of these bearings on 600 trailers in use disclosed 
the fact that to date no money has been spent on maintenance, re- 
pairs, or renewals. 

The matter of skids has been referred to. The writer would be 
very glad indeed to find and use the standard skid that may be 
adopted. A large sum has been spent in making skids, both plat- 
form and box types. They are expensive to use and maintain, 
and it seems that if a standard size was produced it would be 
of very great value and very good for interchangeable service. 

6 Editorial Representative, Iron Age, in Pittsburgh, Pa. 


7 Mechanieal Engineer, General Electric Co., Pittsfield, Mass. 
Mem. A.8.M.E. 
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The writer would like to obtain information on a good method of 
handling copper wire on reels weighing 250 lb. each. The damage 
and the wear and tear to reels are very high, and a really good 
method of handling does not seem to be available. Perhaps the 
author can enlighten us. 


Cuar_es C. Leeps.* It would be interesting to know if a 
study has been made as to the relative cost of electric versus gaso- 
line trucks, and if so, what results were obtained. The speaker 
would also be interested to know if the system worked out by the 
Westinghouse Company does not require a rather elaborate cleri- 
cal force to handle the system, forms and checking, etc. 


Cuarves B. Parr.’ It would be helpful if the author in his 
closure would explain whether the transportation department has 
charge of the upkeep of all the transportation facilities including 
the elevators and cranes, trucks, tractors, and so forth, or whether 
it comes under the head of the mechanical division and they 
simply look after the operation. 


AUTHOR'S CLOSURE 


The author's paper handled the problem from the standpoint of 
management; that is, organization and control. The discussion 
brought out by the several people is not from exactly the same 
angle. However, various points are brought out that perhaps 
can be answered. 

Mr. Reid’s experience with lift trucks and skids closely coin- 
cides with our own, and our conclusions are the same. 

We can understand Mr. Power's difficulty with industrial rail- 
way installation. In our East Pittsburgh plant we do not have so 
much difficulty with snow removal as the tracks are laid on ties in 
line with standard-gage railroad practice in nearly every case where 
the installation is outside of the buildings. For this reason we 
have not seen fit to supplant the industrial railway with tractor 
and trailer, although there are some places where trailers are used 
to a considerable extent in conjunction with the electric industrial 
trucks. 

Our experience with wheels and bearings is the same as that 
given by Mr. Power; that is, we found that the rubber tires are the 
best and the use of the roller bearings has eliminated our trouble in 
that respect. 

We are unable to furnish much help in Mr. Power's inquiry con- 
cerning the proper method of handling copper wire on reels. We 
use a sling for handling by crane to the trucks or cars and unload 
by hand, using a ‘“‘beer mat”’ to break the force of the contact and 
eliminate reel breakage. We know this is not a very good plan, 
but it is the best of which we have been able to secure any knowl- 
edge. 

8’ Carnegie Institute of Technology, Pittsburgh, Pa. 

* American Steel & Wire Co., Pittsburgh, Pa. 


Mr. Elmer brings out some very interesting points concerning 
skids, and we agree that it would be of greater advantage to have 
standard skids and make shipment of material between supplier 
and consumer by means of skids which would fit on standard-gage 
railroad cars. I believe there has been some progress made jn 
this respect with sheet steel in some of the automobile plants, and 
recently we have been spending some time in research on this same 
question. 

Mr. Leeds makes an inquiry concerning electric versus gasoline 
trucks. We presume that he means trucks built for outside road 
service. We have made some studies and accumulated some data 
on this, and we find that if conditions are suitable for the use of an 
electric truck—that is, short hauling with fairly level roads—com- 
parison is in favor of the electric truck. Under other conditions — 
that is, long hauling, infrequent stops, and hilly roads—the gaso- 
line truck is the more economical. It may be that Mr. Leeds 
refers to the gas-electric industrial truck which has been men- 
tioned by Mr. Ashman. In this case we have not accumulated 
any data, but our studies again show in favor of the electric truck, 
basing our conclusions on the cost of operation of a gasoline truck 
compared to that of an electrie truck. No doubt there are 
exceptions to this conclusion, one of which would be if charging 
power was not readily available. 

Regarding the clerical foree which is needed to handle the or- 
ganization and about which inquiry is made by Mr. Leeds, | 
would say that the clerical force is smaller than under any former 
organization. One clerk takes care of the forms and checking, 
with the part time of two other clerks who assist in taking care of 
the wage-payment plans. This of course is in addition to the 
regular supervisory force of the organization. 

Mr. Patt inquires concerning the upkeep of the transportation 
facilities. Within the plant transportation organization we have 
one department designated as the transportation maintenance 
department which takes care of the maintenance and upkeep of 
all transportation equipment with the exception of cranes and ele- 
vators, which owing to their complicated nature, involving both 
mechanical and electrical repair work, are taken care of by a sep- 
arate department. The operation of cranes and elevators |s 
directly controlled by the manufacturing departments in which 
they are located, and responsibility for their proper operation and 
maintenance is located in this other department. This will also 
answer the question brought out by Mr. Ashman. The cost 
figure which Mr. Ashman brings out and which he questions in 
our case is the figure for an electric industrial truck. The figure 
which he uses as a comparison is, I believe, a gasoline road truck, 
which of course would not check with ours. Our gasoline road 
truck costs are based on the cost per mile, which varies according 
to the capacity of the truck. A 3'/.-ton truck costs about 5) 
cents per mile, including overhead, depreciation, and all other 
factors. 
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Handling Methods and Equipment in a 
Large Mail-Order House 


By H. E. ODENATH,' PHILADELPHIA, PA. 


of industry has a specific object it desires to attain by instal- 
ling such methods. In many industries the main object 

is reduction of cost by eliminating waste motion or hand labor. 
With a large mail-order house, more than in any other industry, 
the chief object is time. Speed is an essential in handling the 
orders, a8 it helps to make and to keep the good will of customers. 
Next to the time element must be reliability of equipment. 


ie production by modern handling methods each type or kind 


Supervision and inspection enter prominently into this, for 
breakdowns are always disastrous. 

As with all continuous-flow materials-handling systems once 
it is in satisfactory operation it becomes a medium for excellent 
production control and timing of production; so that with our 
present system of handling orders, which is a development of 
many years, we need only to put a satisfactory timing on each 
operation of each order to secure a successful continuous flow 
of filled orders. 

Before going through the layout of production, it might be 
helpful to outline our problems. In developing this system we 
are faced with the necessity of handling as high as 50,000 indi- 
vidual orders a day. These vary from trifles such as toothpicks 
and handkerchiefs to stoves, rugs, and farming implements. 
Some orders are filled in one merchandise department, while 
others must be filled by contributions from many widely sepa- 
rated departments. 

This makes it necessary to have not only a system of handling 
the merchandise but to have a reliable system of handling the in- 
voices to different departments, with rapid methods of indexing, 
filing, recording cash, separating orders for the departments, and 
timing completion of orders. 

The first part of our systems may be described as mass produc- 
tion of bookkeeping, indexing, filing, cashiering, and scheduling, 
and the second part as mass production of picking goods, as- 
sembling, wrapping, weighing, and stamping of merchandise to 
thousands of customers. 

From the layout of our plant (Fig. 1) the flow of orders can be 
followed. Our mail truck picks up at the North Philadelphia 
post office the first morning mail and delivers it to the sixth floor 
of the office building, where the pouches before being opened are 
thrown on the seale and the net weight of all mail determined 
for this trip. From this weight our managers are able to approxi- 
mate the volume of business for the day, and the pressure of the 
work schedule is arranged accordingly. 

The operators open this mail at the rate of 400 to 500 pieces a 
minute with an electric slicing machine that cuts the envelopes 
without mutilating the contents. The orders are pinned to a 
temporary file back, and the amount of the cash or check enclosed 
's entered in pencil on the face of the order. The cash is counted 
in a division of the cashier’s office on the left, and the orders after 
being balanced with the cash are placed on a belt. From this 
point the orders are delivered through a gravity chute to the en- 
try department on the floor below. 

When a customer’s orders must be filled from two or more 
departments, the items must be separated, and that is done in 
the entry department. An invoice is made for each department 

on Engineer, Sears, Roebuck & Co. Mem. A.S.M.E. 
ikintenaee the First National Meeting of the A.S.M.E. Ma- 

8 Handling Division, Philadelphia, Pa., April 23 and 24, 1928. 


represented on the order, and the completed invoices and the 
original order are pinned and placed on the moving belt. There 
are four such belts in this room for conveying the mail to the rear 
of the room. 

As was done on the sixth floor, this department also dispatches 
its finished work through the chute to the floor below, which is the 
general index department, with a capacity for holding and record- 
ing the accounts of 3,000,000 customers. As the orders arrive 
from the fifth floor they are handed to the operators who sit at 
the beginning of these belt conveyors. These look like long 
channels, as there are partitions between the six 2-in. leather 
belts (Fig. 2), the longest of these runs to the end of the room 
and the shortest to the first aisle. The orders are sorted alpha- 
betically, and they are then routed by the belts to the proper 
sections of the department. Those beginning with A, B, and C 
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go to one station, D and E to another, and so on. The index is 
arranged by towns in alphabetic order. This is done to avoid the 
congestion that would result if a geographic division by states 
and counties and towns was used, as business from one section of 
our territory is sometimes heavier than from others. 

At every row of file cabinets is a station for further sorting the 
orders. There are six or seven of these stations. From here the 
orders are delivered by messenger to the operators in that row. 
The belts merely deliver the orders to the different stations. The 
file cabinets are placed back to back against the belts which carry 
the completed work to the rear of this room. These belts dis- 
charge on one high-speed belt underneath the platform. 

The completed work leaves the department through a chute 
that discharges on the floor below in the scheduling department. 
In this room are addressograph machines, the address plates of 
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each corresponding with one section of the shipping room. There 
the several invoices for each order are stamped with the same 
schedule. This consists of the shipping-room division, section, 
and basket numbers and the time due. The time for each ship- 
ping-room section is changed every ten minutes. This avoids 


Fic. 2. DistrisutinG Orpers By BeLts 

duplication and provides for an automatie distribution and con- 
trol of work. In the technique of the store this referred to as 
“schedule.” 

The invoices are sorted by departments and time into a long 
row of bins which form a sorting rack. From here on they are 
called tickets and are dispatched to the different merchandise 
departments by a system of pneumatic tubes. The bins hold 
tube carriers stenciled for the departments, and on the rails 
above the bins are narrow belts which convey the closed carriers 
to the pneumatic tubes. These tubes are used in dispatching 
mail from one department to another, there being three trunk 
lines each of which serves several departments. The regular 
schedule on orders is also handled through this tube system, 
making it possible to work our schedule. In the course of one 
day approximately 25,500 carriers are handled through these 
stations. 

In the pneumatic tube relay, station boys transfer the carriers 
from one line to another for delivery to the merchandise depart- 
ments, where the orders are priced and the sales are listed. After 
the orders clear the ticket office the merchandise is picked up and 
carried to the rechecking and wrapping table (Fig. 3) and given 
a protective wrapping, and then is placed on a conveyor which 
discharges to a spiral chute which delivers on belts in the sorting 
department (Fig. 4) on the second floor of the merchandise build- 
ing. This department receives, sorts, and distributes the mixed 
merchandise to the assembly room below. ‘‘Mixed merchandise” 
is an order that must be filled from more than one department. 
This merchandise is received in the sorting department from the 
merchandise departments on a 10-min. schedule. It is permis- 
sible for departments to send their merchandise 25 min. before 
schedule, but not a minute later, under the penalty of being 
charged 50 cents for each piece received late. This charge is 
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credited to the shipping room and is deducted from the depart - 
ment charged. In sending merchandise 25 min. ahead of schedule 
the sorting department is enabled to sort three schedules at one 
time from the primary or sorting belt. In the secondary sorting 
two schedules are sorted at one time according to sections and 
distributed over conveyors to those sections, the last order being 
released to the assembly room of sections 15 min. after the 
schedule is sorted. 

In the assembling room the orders are checked in canvas bas- 
kets according to schedule on order. When complete, the orders 
are packed and sent over conveying belts to the weighing division 
Orders that are not completed on time because the merchan«is: 
was received too late or for some other irregularity are held for 
one hour, and then if not completed, they are sent as they are, and 
a second shipment is made later and the charges prorated. 

In the weighing division (Fig. 5) all parcel-post shipments ar 
received over a conveying belt and are cleared from the tables or 
either side once every hour to the post office on the same floor 
The mode of distribution to the post office is also by conyevors 

Here the postage is affixed by weighers who use computing 
scales. The packages are received on the 48-in. belt conveyor, 
which passes through a movable distributing carriage. lly 
belt as it reaches the carriage turns back over a roller, and then 
passing around a second roller goes underneath the carriage 
This distributing carriage (shown in Fig. 5, upper center) travels 
back and forth the length of the seale tables, while the belt moves 
forward and drops the packages to a short transverse belt mounted 
on the traveling carriage and moving up and down the aisle with it 
This transverse belt is reversible so as to discharge to the scal 
tables on either side. 

Single orders, or orders filled in one department, are picked 
checked, and packed by the department receiving them and sent 


hic. 3) Typican Wrapping Department CoNvEYOR 
to the weighing division over conveyors without going through 
the sorting and assembling processes of the mixed orders 

Freight and express orders average only 5 per cent of al! orders 
received, and are therefore handled on a smaller and different! 
scale. 

The operatives in the post-office division are employees of thi 
Government. The outgoing mail is sorted into pouches 4 
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| cording to towns and states. There are five conveyors between i 
le the floor and ceiling directly over each other. Adjacent to these 
e belts are the operating galleries where the mail is sorted. 
ig The post office uses 3110 sacks to make this separation. The 
id mail sacks are lettered, and when full they are tied and locked 4 
ig and then placed on conveyors for the sorting platforms in the if 
e basement, where they are sorted for the railway mail cars, which 

also are designated by letters. The men in the basement place 
s- these sacks in trucks destined for the platform of the individual J 
rs cars. These trucks are made up into trains so that they may be 
n tractored out in the order in which the cars are spotted on the 
se tracks and are then unloaded into the cars. This separation by 
or number and position, as laid out by the post office, enables the 
id clerk who works in a particular car to dispatch all mail as it 

reaches its destination. In this mail handling we average about 
re W000 sacks daily, and during the holiday season we have reached 
or a peak of 25,703 sacks. Our average number of mail cars is 23, 
for a peak day, 35 cars. At such a time we are required to 
rs make two shifts in the switching of our mail cars. Our platform 
ng space enables us to spot 45 regular box cars. We unload about s ri F : 
ver day of th én Fic. Wericuinc DerpartTMENT WHERE PostaGe Is AFFIXED 
he of outbound freight, using the box cars unloaded. 
el In the unloading of inbound merchandise on straight carloads 
re it is placed on departmental trucks set on the platform with one p 
els end against the side of the car. The car checker attaches tags 
ves to these trucks showing the quantity and catalog number, truck 
ed number, and the car from which this merchandise is unloaded. 
it This tag is taken from the truck by the man receiving and piling 
ale this merchandise in a department, who verifies the quantity as 

he puts it in stock. This is used for our check, and the quantities 
od taken from these tags are entered on tally sheet. 
nt The forwarding of the merchandise from the cars to the differ- 


ent departments is done by truckers who make up train loads 


from the cars to the various elevators. 


Fig. 6 PackaGe-Mattinc DEPARTMENT 


Discussion 
AvuTHOR’'s CLOSURE 


S. D. Graff? asks what percentage of time is required for han- 
dling the order. 

B. A. Hildebrant® asks about the time. The merchandise 
departments are allowed 2 hours and 10 minutes before the sched- 
ule is due. The shipping rooms are allowed 1 hour and 15 min- 
utes. As to the red and blue colors, the red label is used for 
parcel post and the blue for first-class mail; a stamping machine 
is used, but for parcel-post work precanceled stamps are dampened 
on a sponge and stuck on the package. 

A. F. Mojesctic* asks about the penalties. The departments 
may send packages to the sorting department 25 min. ahead of 
schedule but no sooner, because the sorters have time only for a 
three 10-minute sortings. A penalty for a “‘late’’ is charged to the 
department making the error, and the shipping department gets 
the 50 cents credit because of the separate handling and ticket. 
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2? Dennison Mfg. Co., Boston, Mass. 

’ Industrial Engineer, Head Methods Dept., Norton Co., Wor- 
cester, Mass. Mem. A.S.M.E. 
Fic. 4 MERCHANDISE SEPARATION IN SoRTING Division ‘Cleveland Tram Rail Co., Cleveland, Ohio. 
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As to M. Lee’s® question on the maintenance of equipment, 
when we started in Philadelphia eight years ago we had 46 con- 
veyors and now we have 110. When we first started we had four 
men oiling and on general maintenance work and cleaning the 
motors, and we now have only two men to look after them. I 
give the credit mostly to the fact that we have almost entirely 
equipped the main bearings with ball bearings. We have had 
savings as high as 57 per cent in the power consumption. The 
maintenance cost for the system of belt conveyors is $300 to $350 
amonth. The capital investment is $1000 to $1200 each. 

Prof. George W. Kelsey® asks as to the weighing of mail in 
the morning as a guide for laying out the day’s work schedules. 
None of the mail is opened to see if it is an order or a complaint 
or is general correspondence. 

The plan has been worked out over a period of years on the law 
of averages, and it holds good to very close accuracy. They 
simply weigh a sack full of mail, and from that they can judge 
within a very few dollars the amount of money and very close to 
the number of orders. 

' Eastman Kodak Co., Rochester, N. Y. 

* Assistant Professor, Industrial Extension Division, 
University, New Brunswick, N. J. Jun. A.S.M.E. 


Rutgers 


After the mail is opened the longhand letters are typewritten. 

As to whether stock is carried in a filling or retail department, 
in some sections there are storage stocks and in others the stock 
is carried on the same floor so that moving it into the open stock 
requires a travel of only 50 to 100 ft. Where a very large stock 
is needed it will be stored in the nearest space to the department 
using that merchandise. 

Such a thing as “hand handling” could not be done on the scale 
we do things. From the start the handling by machinery was 
one of the first things arranged. 

Materials coming in from a car are loaded on trucks, run 
on the elevators, delivered to the merchandise departments, and 
stored by lifting machines. 

Wooden shelving is used in the storerooms because depurt- 


ments are moved quite frequently, sometimes over a week end. 
Wood is more adaptable, and these quick changes could not be 


made with steel. The time in cutting down and reassembling 
would be too much. 


width, and depth, consequently they are adaptable to any depart- 


The wooden shelf units are of the same size, 


ment. 
The handling of 25,000 orders a day requires an accurate ship- 
ping schedule. 
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Fic. 2. SHow1nG Spray Boots Previous_ty Usep 


(Note handlings necessary from truck to spray booth and return.) 


Modern Handling in Enameling Work 


By E. D. SMITH,! DAYTON, OHIO 


TUDIES of rearrangement plans of the enameling or finish- 
ing department of The National Cash Register Co., Day- 
ton, Ohio, were made having in mind the following reasons 

for such rearrangement : 


1 Increased capacity was needed 

2 To provide this capacity with existing methods demanded 
additional floor space which was not available 

3 Lower departmental cost, as always, was desirable. 


GENERAL 


In an effort to meet the demands as above indicated a careful 
study of the department was made to see whether it could be 
changed over from the hand- or push-truck method of handling 
to perhaps a somewhat modified system of continuous-flow manu- 
facture. The study very early indicated that a large portion of 
the labor expense was occasioned by numerous handlings. (Figs. 
land2.) The nature of the product to be handled was such that 
handlings must be carefully, even if expensively, made. It was 
therefore quite obvious that a reduction in the number of han- 
dlings was not only desirable from a quality standpoint but should 
offer substantial savings. After completion of rather extensive 
time studies an experimental installation was made in order to 
answer, at least in part, the following questions: 


(1) Could the cabinet parts be successfully sprayed with both 
ground coat and lacquer while in motion? 

(2) Could parts be suspended from chains in sufficient num- 
ber to secure desired output? 
_ (3) Could the vapor and fumes from spray guns be removed 
in such a manner as to not interfere with the operators’ efficiency 
or health? 

EXPERIMENTAL INSTALLATION 


Very few demonstrations were necessary to prove that the 
Spraying could be done while material was in motion. The 
wee Engineer, The National Cash Register Co. Mem. 


ne resented at the First National Meeting of the A.S.M.E. Materials 
andling Division, Philadelphia, Pa., April 23 to 24, 1928. 


question of securing sufficient capacity on a chain moving past 
the operator at a satisfactory rate presented a very considerable 
problem. There were hundreds of different kinds of pieces vary- 
ing in size and shape from a half-dollar to complete cabinets not 
unlike a small trunk. (See Fig. 3.) This was a problem that 
could only be solved by actual experiment, and a great many 
different kinds of hangers or trees were tried out. By the process 
of elimination and change the number of hangers required was 
finally reduced to nine. These were very simple and inexpensive 
to make. (See Fig. 4.) 


Spray Boorus 


The removal of vapor and fumes was purely a question of 
moving the air past the part being sprayed with sufficient rapid- 
ity to prevent fumes or vapor from flying back into the opera- 
tor’s face. Spray booths were installed in separate rooms. A 
slight static pressure is maintained in these rooms by delivery of 
filtered and tempered air from a fan system. The delivery of air 
to the room is about 25 per cent in excess of that removed by the 
suction system. This produces very satisfactory conditions, and 
there are no complaints from the operators because of air condi- 
tions. 

In order to prevent drafts or air blasts, the discharge ends of 
air supply ducts in spray rooms were covered with a very large 
area of fine-mesh bag similar to those on a standard vacuum 
cleaner. These are to be seen in Fig. 5. 


Burn-Orr OvEN 


In lieu of the washing system formerly used, a burn-off oven was 
provided. (See Fig. 6.) Parts pass through this oven on a wire 
belt and are subjected to a temperature of 1000 deg. fahr. for 
about four minutes. This removes in a very satisfactory manner 
all the oil, grease, dust, etc. which naturally accumulates during 
shop handling and fabrication. 

The present operations or processes in enameling are as follows: 


(a) Clean in burn-off oven 


(b) Spray with first ground-coat color 
(c) Bake ninety minutes at 230 deg. fahr. 
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Putty where necessary to get perfectly smooth surface _ in order to make up for losses and to bring incoming material up 


Spray with second ground-coat color to temperature promptly a large number of air changes were re- 
Bake ninety minutes at 230 deg. fahr. quired. In the case of ground-coat oven this amounts to 31 per 
Sand for smoothness hour. 
is Grain to produce natural-wood appearance RESULTS 
Bake ninety minutes at 230 deg. fahr. 
Che whole installation has worked out very satisfactorily, re- 
Spray with first coat of lacquer in: on 
sulting in savings as listed below: 
Bake forty-five minutes at 110 deg. fahr. 
(1) Annual payroll reduced $59,000 
— (2) Maximum daily output increased from 600 to 800 units 
] (3) Floor space reduced 10,000 sq. ft. 
. (4) Number of handlings reduced from 58 to 20 
(5) Improved quality of production due to decreased han- 
dling and improved banking conditions 
(6) Departmental turn over time reduced from to 
; 
days. 
“ti 4 (7) Reduction of inventory of cabinets and parts 80 per cent. 
Discussion 
; Fic. SHowina Parts Makinc Up a Compete CaBinet 
" (Note variation in size and shape.) J.B. Wess.2 The type of conveyor described is a good illustra- 
tion of the flow idea in manufacturing: that is, to keep the produc 
% 2 President, J. B. Webb Co., Detroit, Mich. Mem A.S.M.E 
Fic. 4 SHowinG Six oF Nine STANDARD HANGERS IN Use 
Fic. 5 View SHowinG Operator at WorK IN Spray av! 
(1) Spray with second coat of lacquer Bags 
(m) Bake forty-five minutes at 110 deg. fahr. 
da (n) Rub. 
In passing through these fourteen operations or processes the 
a work is removed from the chain but four times. 
VERTICAL MOVEMENT—BasEMENT TO FourtH FLooR 
ry The raw-stock storeroom is in the basement and the enameling 
i department is on the fourth floor, therefore economical and con- 
te tinuous movement of stock between these floors was an important 
ss part of the scheme. This was very satisfactorily worked out by 
installing a series or ramps or risers in chains. (See Fig. 7.) 
The maximum obtainable angle of rise was 20 deg. so that to 


travel the necessary vertical distance of 51 ft. it was necessary to 
use l4risers. As the finished-stock room was also in the basement, 
the same scheme of delivery from fourth floor to basement was 
used. 
OVENS 

All ovens except those at high temperature for special finish are 
heated by air passed over steam coils. With the continuous type 
of oven, such as used, the cubic content was necessarily large and Fic. 6 Discnarce Env oF Burn-Orr Oven 
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moving. A great many industries are beginning to think about 
this now more than ever. Credit can be given to the automotive 
industries for realizing its value to the fullest extent. The 
minute any labor is performed on a piece of goods, it must be put 
on the move and sent on to the consumer so that the money for it 
can be returned as soon as possible and that inventories can be 
reduced, 

There is another factor of primary importance, in fact, of 
greatest importance, and that is that the flow idea in conveyors 
means pace making. The work is brought to a man at a definite 
rate of speed, and is taken away from him at a definite time; he 
has just so much time to perform his work, and he will do it and 
consistently keep doing it, while if the time is optional with him 
he always takes more time than is necessary. 


Fic. 7 Looking Down From Firru FLoor SHow1nG SERIES OF 
Ramps or Risers iN CONVEYOR 
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Fic. 8 GENERAL View SHowinG CABINETS LEAVING OVEN AND 
SANDING SECTION 


I know from practical experience that where work of an as- 
sembling nature has been done so that one man performing an 
operation passes the piece on to the next one, astonishing increases 
in production have been effected by placing that work on a moving 
system so the man’s time for doing the operation is in the hands of 
the management and not in the hands of the man himself. 


AvuTHOoR’s CLOSURE 


In answer to several questions, I would say that the drives 
of the conveyors are all variable in speed. The predetermined 
speed by calculation was 7'/, ft. per min. and we have adhered 
very closely to that. 

As to the relief of operators, we use a handy man who keeps 
the operators supplied with material and gives them relief when 
necessary, helps to clean up booths, and so on. We do not 
have extra operators. We have to have this man anyhow. 

We have very few rejections with this scheme now. Rejected 
pieces are usually laid aside and orders are telephoned to finish 
another similar piece and send it through. 
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Marine Terminal Operation 


By WILLARD C. BRINTON,! NEW YORK, N. Y. 


HE function of a ship is the transportation of passengers or 
freight between port cities. When a ship is in port it 
is not functioning. 

For a steamship line in foreign trade or intercoastal work, 
approximately one-half of the budget is spent on terminal activ- 
ities. ‘The per diem charges for a ship can easily be segregated in 
proportion to the number of days the ship is at sea and the num- 
ber of days in port. Interest on capital, depreciation, and ob- 
solescence can quite readily be allocated. General administrated 
expenses may not be quite so simple to divide between operations 
at sea and port activities, but on any basis a large portion of ad- 
ministrative expense is properly charged to the ship in port. 

The author would like to publish percentages of representative 
steamship lines in support of the point of view that terminal ac- 
tivities are such a large fraction of the total budget; however, 
the confidential nature of these figures makes it difficult to give 
actual data, and tabulations are therefore omitted. 

The maintenance of continuous service of a foreign or inter- 
coastal shipping line requires a number of ships. Operations are 
naturally on a large scale, and the annual budget of such a line 
runs into millions. It is surprising that the organization heads 
of steamship companies usually disregard the functional division 
between port activities and sea activities. They handle their 
port activities on a basis of line organization rather than of staff 
organization. The executive at the top whose scope is sufficiently 
wide to include all port activities is busied with many and varied 
problems affecting his corporation as a whole. There is usually 
no individual that makes a specialty of all these activities of 
port organization for which millions of dollars are spent yearly 
and which so greatly affect the success of the undertaking. 

The superintending engineer or marine superintendent of a 
steamship line, or whatever his title may be, usually has had years 
of experience in his field. In general it may be assumed that he 
has reduced the cost of ship operations at sea to a point where it 
would be difficult for any further savings to be made on a specific 
ship for such items as fuel, lubricating oil, and repairs. It 
would seem that the men who have made these excellent records 
for the operation of ship machinery would be naturally the ones 
to improve the methods of terminal operation. " However, they 
do not usually have authority over the terminal work and per- 
haps consider it somewhat beneath their dignity. There has 
been too much of a tendency to consider terminal work a matter 
of driving men through a labor boss with a vocabulary amply 
profane. Perhaps the idealism of the engineering-trained man 
has made him retire from pier work to what Kipling would call 
his Steam gadgets. Whatever the cause may be, at the present 
time, there are relatively few men in the terminal operations of 
shipping companies with mechanical training, not to mention 
engineering education. 

Practig ally all the problems of a ship in port are of such com- 
plexity that a trained engineering mind is needed for adequate 
solution. Ships should be designed with a definite relation to 
In so far as possible the ships and piers should be 
designed together. Naval architects have given the port needs 
of ship design much less attention than is deserved. Yet during 
the last few years quite remarkable improvements have been 
made in ship design tending to increase the speed or reduce the 


the cargo 


1 Presick nt, 


NY Terminal Engineering Company, Inc., New York, 


Me m™m. A.S.M.E. 


wiemmted at the First National Meeting of the A.S.M.E. Ma- 


als Handling Division, Philadelphia, Pa., April 23 and 24, 1928. 


cost of a ship at sea. We now have electric drive, geared turbine 
drive, Diesel engines, pulverized coal, and many other methods 
for greater speed or economy on the ocean. Recent increases in 
speed and reduction in fuel consumption at sea have so reduced 
the costs incident to sea operation as to make costs incident to 
port operations “‘stick up like a sore thumb.” There is a fasci- 
nating interrelation between all the factors entering into the cost 
of ship operation—change any one and it affects others. 

During the time that these recent engineering improvements 
in ship design were taking place there has been a constantly 
increasing wage rate for stevedoring. One ship operator has 
said that it costs more to put the cargo into a ship and take it 
out at the other end than to move it from New York to San 
Francisco. Of the port activities stevedoring bulks so large that 
any increase in wage rates or decrease in effectiveness of labor 


Tue “Tec” (Tecunicat Enore. Corp.) Truck Resvuttep From 
Two Years’ ANALYysIs oF Prospiems at Eicut Piers 
(Prime features are large loading area, short turning radius, lift mechanism 
for separable bodies, ability to operate rapidly in either direction, crane 
attachment instantly available.) 


seriously affects the owner of a ship. The work of handling ship 
cargo is not only severely arduous, but the accident rate is dis- 
gracefully high. Compared with usual industrial operation steve- 
doring work seems unnecessarily crude. The men themselves 
must realize this and may be justified either in leaving the field 
entirely or in asking still higher wages to cover the muscular 
strain and the danger hazard involved. 

For the last few decades ocean carriers have been largely con- 
trolled under foreign flags. Our intercoastal business dates only 
since the opening of the Panama Canal and was much upset dur- 
ing the World War. American terminals have in many instances 
been managed by men in the employ of foreign steamship lines, 
temporarily assigned to authority in an American port. These 
men were thousands of miles from home and have had difficulty 
in getting authorization from abroad for making innovations or 
expenditures at American terminals. Under such circumstances 
should there be surprise that progress has been show? 

There is a more progressive spirit at Pacific Coast terminals 
than on the Atlantic Coast. However, the Pacific Coast piers 
are of recent construction, and the methods of operation have 
evolved according to the needs without being so heavily handi- 
capped by precedent. But even on the Pacific Coast there is 
still almost unlimited opportunity for bettering terminal per- 
formance. 

Americans may well be proud of their achievement in the han- 
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dling of bulk cargo, ore, coal, grain, etc. But it is an easy matter 
to handle by machinery any type of uniform cargo whether in 
bulk or in packages. In the handling of package cargo there is 
little difference between operations in this country and abroad. 
The store-door delivery system, common abroad, is far in advance 
of our methods here for handling package freight at railroad ter- 
minals. Our railroad cars are so much larger than the cars 
abroad that shipments are accordingly larger here, and this makes 


By PLactnc Power PLant Betow LEVEL oF Truck FLoor THERE Is 
No Space Lost Except Toat NECESSARY FOR DRIVER 


(The large size separable platform bodies permit handling more than 
one draft of cargoatatrip. The ideal is to have one steamship hatch worked 
by one truck.) 


the installation of machinery more feasible at steamship ter- 
minals where the wheels and keels meet. 

The problem of handling steamship package freight depends 
chiefly on the volume rather than on the weight of the goods 
involved. It is not at all difficult to build machinery to handle 
imported pig tin, lead, copper, etc. because the machines with 
ample weight load could easily maneuver in crowded quarters. 
To justify a power machine instead of the common hand truck 
it is necessary to have the power equipment carry enough volume 
of the bulky cargo to show an economical operation. The power- 
operated equipment on a pier has two major advantages over the 
hand truck in horizontal transportation; it can carry a heavier 
and more bulky load, and it can move it more rapidly. If in 
addition the power equipment can be supplemented with attach- 
ments that permit high stacking of heavy freight, there is great 
advantage on the side of the machine as compared with the hand 
truck. 

The operation of loading a ship is more simple than discharging 
because sorting is usually involved in the discharging operation. 
A comparison of the hand-truck loading and machine loading of 
ships will be sufficient to indicate some of the fundamentals of 
the problem. It is customary to make up drafts of freight, 
each weighing approximately one ton. When hand trucks are 
used several hand-truck loads are necessary in each draft for the 
ship’s tackle. Making up of a draft at the side of a ship causes 
congestion in a space only 10 ft. square. The effectiveness of 
the work in this small space largely determines the length of time 
the ship must remain in port. Also the bringing of various 
hand-truck loads to the side of the ship to make up a single sling 
load usually results in a mixing of the freight and breakage to 
the cargo, since the sling might include more than one type or 
size of package. 

It is essential to bring drafts to a ship completely made up ready 
for hoisting and to take them away from the ship complete 
rather than in numerous hand-truck subdivisions. A complete 
draft of a ton or more is too heavy a unit to be moved horizontally 
by hand labor. If the management asks the average pier fore- 
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man to apply machinery and improve his methods, he is likely 
to begin by considering a tractor to pull the four-wheel hand 
trucks. The tractor sounds cheap and is often expected to work 
a revolution without any replanning of related equipment and 
conditions. Should a power tractor be used to pull completed 
drafts the combined length of the tractor equipment and the 
freight becomes serious. Also tractor equipment is not capable 
of backing out satisfactorily from blind alleys. Another point 
seldom thought of is that the ordinary four-wheel hand truck is 
not at all satisfactory as a trailer. Good trailers for pier use are 
expensive, and the combined investment of any tractor with 
sufficiently good trailers becomes much more than usually con- 
templated. In crowded quarters tractor operation is slower than 
lift-truck operation, and there is much more shaking off and 
damage to freight because of the vibration if trailers are not 
equipped with leaf springs and good rubber tires. If trailers 
are equipped with springs and rubber tires, the investment and 
the maintenance become large because of the great number of 
trailers necessary. 

In 1912 and 1913, during some advisory work for the Bush 
Terminal in Brooklyn, the author had an assistant observe ever) 
tvpe of freight handled on the seven large Bush piers each morn- 
ing for a whole year. By this method there was a study of al! 
the different classes of freight handled seasonally. It is believed 
that these studies are the most complete ever made of the problem 
of handling export and import pier freight. Tractors and trailers 
were thoroughly studied in service and proved deficient on the 
grounds stated. The following features were found essential 
for any type of equipment to handle the numerous classes o/ 
freight found on steamship piers: 


TuovGu Not DesiGNep PRIMARILY FOR LUMBER, A STANDARD “TEC” 
Truck Can HANDLE 16-Fr. LuMBerR From Suipsipe To PiLe 


(Lumber is now so frequently a partial cargo that it is desirable to have ome 
type of pier equipment handle both lumber and general cargo.) 


1 Area sufficient for more than one draft of usual cargo 

2 Smallest possible space occupied for a given volume of 
freight 

3 Lift mechanism for use with separable platform boclies 

4 Shortest possible turning radius 

5 Quick acceleration 

6 High speed with safety 

7 Ability to operate equally well in either direction 

8 Ample rubber tires and leaf springs throughout to give 
least shaking effect on rough floors 

9 Legs of separable platform bodies to be opposite truck 
wheels 

10 Ability to negotiate 20 per cent grades with loa:!s to 
from lighters or side-port ships 

11 Tractive power sufficient to shift freight cars 

12 Design arranged for pushing freight by sliding on pl 
floor 

13 Automatic coupler so that lift truck can be used %* 
tractor whenever trailers are of any advantage 
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14 Small fire risk for use through side-port ships 

5 Ability to handle material 20 ft. or more long 

16 Quickly attached power-operated accessories 

17 Instantaneous crane attachment for lifting drafts made 
up directly on the floor 

18 Low center of gravity to permit high stacking with crane 
attachment 

19 Unit construction necessitating smallest possible number 
of different repair parts 

2) Lubrication arranged for minimum attention 

| Ability to operate through city streets and over railroad 

tracks adjacent to terminals 
22 Versatility sufficient to handle effectively any style of 


te 


cargo worked on a pier. 


Electric storage-battery trucks built on the foregoing lines 
have now had years of service on steamship piers handling prac- 
tically every kind of freight that comes to a pier. A check of 
the principles has shown their correctness, and vast savings to 
shipping are possible by further application along proved lines. 

The use of the crane attachment for a truck with an alternative 
set of lift bodies permits the working method to be changed if 
necessary every few minutes throughout the working day. 
Where the freight is light and bulky the lift bodies may take on 
one trip what might require several trips with the crane. If 
the material is too heavy to lift on the separable bodies—for 
instance, oil or chemicals in barrels—several barrels can be carried 
at one time with the crane attachment. If high stacking is 
necessary the crane attachment can save much human labor. 
Although numerous types of attachments can be applied to this 
type of electric truck, the handling of miscellaneous cargo re- 
quires that any kind of package be worked without too many 
different kinds of attachments and only one size of truck. 

The technique of freight handling on steamship piers has been 
built up over a century or so of using the hand truck. The ordi- 
nary point of view is to use the hand trucks most of the time and 
mechanical equipment only on special jobs. This code is being 
reversed, and there are now some steamship piers on which a 
hand truck is seldom seen. The thing to do is to apply the 


HEN Warenouses Are LocaTep CLose TO TERMINALS IT Becomes 
Feasinte ro Have Fremont Move Directty From STeamsuip 
Pier TO WAREHOUSE 
in rehandling and in pier congestion may pay handsome divi- 
dends.) 


The Saving 


machinery and develop the right method for machine trucking 
for each particular class of freight just as hand-truck methods 
have heretofore been developed. The pier workers themselves 
‘re interested to make the work as easy as possible and in the 
“sgregate will furnish many of the ideas for the ultimate best 
machine methods, 

Ships have increased greatly in size during the last 15 years. 


lost ships tie up at piers built in an age of smaller ships and 
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cargoes. As a result there is not enough space on the pier itself 
to hold the cargo. Either the ship must be moved, if the pier 
has sufficient length, or the cargo must be carried long distances 
lengthwise, piled high in the air, or some combination of these 
methods used. This factor of big cargoes has greatly increased 
the length of trucking distances and the height of piling. Dis- 
tance does not make a material difference to mechanical methods, 
but it vastly increases costs if hand-truck methods are used. 
High piling is still done largely by hand because sufficient study 
has not been given to the application of machine methods. 
Sorting of discharged cargo costs hundreds of millions of dollars 
yearly, and practically nothing is being done to remove the cause. 


A CRANE ATTACHMENT Wuicn AUTOMATICALLY LocKS TO THE 
Truck Is Pickep Up WHENEVER NEEDED 


(By applying different methods or attachments the Tec truck can be 
quickly adapted to any type of cargo.) 


A STeamsuip, Drarrs SHoutp Be To 
SHipsipE ALREADY Mape Up 

(By bringing the drafts to shipside already made up several drafts can be 

accumulated ahead of the ship's winches ) 


WHEN LoapbInG 


Fundamentally, sorting is due to the small size of the packages 
of freight. Packages have been made man size rather than ma- 
chine size. The chief difficulty in sorting lies in the lack of co- 
operation between the loading and unloading organizations 
at the two ends of the ship’s run. Ships are often scheduled to 
stop at many ports, and the sorting involved at the point of 
discharge is a composite of the loading methods at all points of 
origin. 

Unless some one man or group of men is constantly studying 
this situation, unnecessary costs owing to sorting of cargo are 
sure to result. Of course not all cargo can be stowed simply, as 
it is frequently necessary to pack the smaller packages between 
the larger cases of machinery. Because of the diversity of the 
American manufactured products there are all kinds of sizes 
and shapes exported. Typewriters must be loaded with loco- 
motives. Discharging a cargo of diversified manufactured 
products is justifiably more complicated than the handling of the 
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of discharging in this country since much of the inbound freight 
comes in large lots of one size or kind of package. 


Where the packages are all of one size or shape it is the sorting 
according to the identification mark on the packages that causes 
tremendous confusion, delay, and expense. If the packages are 
not stowed in the ship so that packages of one mark can be easily 


segregated, then the drafts from that ship may seem to contain 


even more marks than there are packages. Labor is cheaper 
in all other parts of the world than it is in this country. Every 
steamship operator should wage an increasing campaign to see 


that cargo is so loaded at foreign ports that it can be most 
cheaply and quickly discharged here. One prominent freight line 


has recently reduced its American direct costs of discharge ap- 


proximately 20 per cent on an average of six months as compared 


with the preceding six months. This was done chiefly by proper 


stowage on the ship by which freight was put into blocks accord- 
ing to the marks. With the block stowage it is possible to make 


up drafts inside of the ship so that they may be hoisted out one 


mark to the draft. By using larger drafts and machinery on 


Buiock STrowaGeE or CarGo InsipE Permits TakiInG DrrectLy 
TO THE Drarts or ONE Mark 
(A special sling arrangement allows the use of larger drafts and the sling 
can be so picked up by the crane as to avoid slack of the sling rope and permit 
machine piling as close as possible to ceiling of the pier.) 


the pier it is a simple matter to get the freight directly to the 
proper pile on the pier as the whole draft can then go to just one 
pile. Freight is high in the air when it comes over the side of 
a ship. The higher it is carried by power trucks across the pier 
the smaller the amount of labor required to stack on the pier. 
With proper study there would seem to be no excuse for the 
continuation of hand-labor methods for sorting bags of coffee, 
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raw: materials imported into this country and discharged at Ameri- 
ean ports. We should be able to improve greatly on the methods 


INGINEERS 


bags of cocoa beans, castor-oil beans, etc. Practically all the 
coffee arriving in New York is “humped” by men carrying 
130-lb. bags on their shoulders. Coffee is so mixed in the ships 
that a postoffice operation is required to sort each bag to its plac 
on the pier. 

Even though cocoa is loaded on the African coasts in surf boats 
where men wade out through the water to these boats with on 
bag at a time, there are possibilities for getting the freight int 
the ship so that it would not be necessary for men to carry cach 
bag in America where the longshoremen get 85 cents an hour wit! 
time and a half for overtime. As many as 70,000 bags of castor- 
oil beans have recently arrived in New York on a single shi 


Drarrs ox 


Trucks CraNeE ATTACHMENT CARRYING 
AEROPLANE SLINGS 


(Cranes supported on the pier structure cannot work outside the pier shed 
or cross over easily from one aisle to another.) 


hopelessly mixed in the stowage. It is not easy to engage men 
who are able to carry these heavy bags of 160 lb. each. Certainl) 
the men themselves would respect their employers more if the 
employers made the work simpler and easier. 

A rope sling is commonly used in handling bag cargo. The 
rope sling remains today in the same form as it was when man 
first put freight into ships or developed rope manufacture 
If a draft of bags or other materials is taken from a ship in a rope 
sling, the draft tends to fall apart the moment it reaches any 
support to carry the weight. For a century or more pier workers 
all over the world have attempted to catch the draft at the 
moment of its landing and so hold the sling rope as to keep the 
draft together. Some such method is necessary if drafts as 4 
whole are moved away from the ship direct to a pile. There has 
been great loss of time and breakage of freight due to the drafts 
falling apart while being moved on the pier. This is particularly 
true when drafts are placed on trailers without springs or rubber 
tires and moved at high speeds. Then, too, the falling apart o 
the draft often causes smaller drafts to be used in an attempt t 
remedy the condition. 

There recently has been developed a device known as a sling 
“tek” which can be placed on any rope sling to make it automatic. 
The sling tek slips to the tightest position and holds the sling 
at that point. When desired the locking cam is quicky release 
by hand or foot pressure. Larger drafts are possible and drafts 
can be landed more quickly, since there is no possibility of thelr 
falling apart. 

Another economy feasible by this device results from the 
ability to carry all drafts of any kind by crane equipment by 
merely hooking the crane directly to the tek, thereby eliminating 
the headroom usually required by the long end of the sling 
This point is important because it permits the use of pier M& 
chinery to pile the drafts where with the long sling there would 
not be sufficient headroom to make mechanical piling efiect!ve. 

In many parts of the world ships must still be loaded from 
lighters. It is difficult to make up the drafts with the lighter 
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pitching in rough water, and the ship itself is likely to be delayed. 
A simple hoist on the shore might lift whole drafts to or from 
lighters. Wherever lighters are used there is a possibility of 
equipping each lighter with a quota of non-slipping slings to 
obviate the rehandling of separate packages at each end of the 
lighter movement. 

Some one who has the proper inspiration could make a fasci- 
nating study as to how the many commodities in foreign com- 
merce happened to become standardized in the various odd sizes, 
shapes, and weights of packages for each article. But more 
important would be a-study by the United States Department of 
Commerce as to the possibility of recommending changes in the 
packages. Consider plantation rubber from the East Indies. 
This huge commerce has developed within the last few years. 
The material is so valuable that each package is checked and 
rechecked. There might be as many as 100 separate clerical 


LarGe Surps FREQUENTLY Carry CarGoes Too BiG For Prer AREAS 
AVAILABLE 


(The use of mechanical equipment at terminals facilitates handling freight 
over large adjacent areas. In the illustration above Spanish olives were 
sorted over acres of sand fill adjoining the pier. Carrying the 1500-lb. 
casks instead of rolling them eliminates the opening of seams and lessens 
the spoilage due to leaks in the casks.) 


transactions in the history of any case of rubber from the time 
it obtains its identity to the time its existence ends in a rubber 
mill. Why did it happen to be a nearly cubical package with 
six faces, any one of which might contain the elusive identi- 
fication mark? The weight, around 220 Ib., is heavy for Malay 
physique and is too light for effective machine operation. If 
rubber were packed in packages of 1000 Ib. or even 2000 lb., 
sorting would be simplified, since power equipment could readily 
take each package to its proper pile and quickly stack it as 
high as desired. Larger packages would automatically reduce 
not only the danger of theft, but in the ratio in which the 
packages are made larger, reduce clerical work, weighing, 
sampling, ete. 


How did it happen that in this same East Indian territory 
burlap has long been shipped in large bales weighing from 1000 
to 1500 !b.? A package of this kind is large enough to be eco- 


homically handled by machinery carrying one package at a time 
directly from shipside and tiering on the pier 12 ft. high with 
hegligible costs for the tiering. Burlap was formerly one of the 
difficult kinds of freight to handle because the longshoremen com- 
plained of the weight of the packages. They could not tier the 
bales high because it was impossible to get enough men around 
any bale to elevate it. Today with machinery burlap bales are 
ideal freight to handle, and the handling cost per ton is lower than 
for almost any other commodity. Another good type of package 
for mechanical handling on piers is newsprint paper in 6 ft. rolls 
Weighing about 1300 Ib. each. By special attachments on elec- 
trie trucks this paper has been handled from shipside at the rate 
of from 40 to 50 rolls per hour per truck, sorted and stacked four 
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rolls high on the flat, without a human hand touching the paper 
after landing on the pier. 

Customs weighing of imported cargo by the Government em- 
ployees has long been by antiquated methods with great expense 


CARRYING AND STACKING 1300-LB. RoLLS oF NEwspRINT PAPER 


(An attachment for the Tec crane permits each truck operator to transport 
and stack 40 to 50 rolls per hour. No helper is needed.) 


<)> 


AUTOMATIC BurRLAP-CARRYING ATTACHMENT FOR TEC CRANES 


(This burlap attachment can be put on ina few minutes. It automatically 
grabs a bale of burlap and allows horizontal and vertical movement for 
stacking three bales high. One operator can handle 60 to 70 1500-lb- 
bales per hour.) 


and delay. If mechanical equipment is used there are many 
possibilities for moving the freight over scales in the course of 
the regular operations, thus eliminating rehandling and conse- 
quent delay to valuable freight. It is only within the last year 
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that sugar going into public warehouses in the port of New York 
has been weighed in 3-ton lots by running electric trucks over 
the scales. The amount of sugar stored in New York alone 
may be 200,000 tons in a season. The engineering side of weigh- 


. ing is not difficult. It is chiefly a matter of organization to apply 


the engineering principles. 

Better design of ships from a cargo standpoint may result in 
making many ships almost obsolete within the next few vears. 
The problem has been so little studied that it is impossible to 
foretell the nature of the changes. Whatever they may be 


Burvap Bares Stackep THREE HiGH oN ENpD 
(It would be impossible to stack these heavy bales this high without the 
use of mechanical equipment. Not only is the time of the ship saved by 
moving the bales more rapidly but the capacity of the pier is doubled.) 


however, it is pretty safe to predict that they will be revolu- 
tionary. 

The new California of the Panama Pacific line, the biggest 
merchant ship built in American yards, has numerous side ports 
large enough to take a sedan car. Electric trucks can be run 
through these side ports without any objection from the under- 
writers who might not allow gasoline equipment. A side-port 
ship having large hatches might be equipped with elevators so 
that electric trucks can take the package freight directly to the 
proper part of any deck of the ship for stowage. This obviates 
the necessity for placing freight in slings just to get from one 
deck level to another. It might be desirable to have an elevator 
cover only half of the hatch area and use a hoist mechanism for 
the other half, so that the elevator hatchway itself may be filled 
with freight after all other portions of the ship are stowed. 

Much bulk grain is loaded while ships are at general-cargo 
piers. Trimming the grain has been an expensive and time- 
consuming operation. Mechanical equipment for trimming 
grain in ships is now available and should be more generally used. 
Again it is a matter of organization, because of the divided re- 
sponsibility between the grain elevator crews, the shipowner, 
and the contracting stevedores. Grain is often handled in tramp 
steamers, and the ship’s agents seldom understand the possibili- 
ties of mechanical trimming. 

Ships in foreign trade are on such long runs that they cannot 
be operated on any schedule which will keep the terminals con- 
tinuously busy. Ships will bunch at the terminals no matter 
how carefully they are timed, and there are sure to be days or 
even whole weeks without any ships whatever at a given pier. 
Even the largest shipping companies would hesitate to purchase 
enough mechanical equipment to load or discharge all their ships 
that might be in port simultaneously. They could perhaps pro- 
vide for their minimum or even their average requirements, but 
not the maximum. Then, too, it is not only a question of in- 
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vestment in equipment but of having enough highly skilled oper- 
ators available when necessary. The effective operation of 
marine freight-handling equipment requires men of a quite un- 
usual type. Unless these men are given sufficient continuous 
work they will drift away to other industries. 

Commercial stevedores are paid on a tonnage basis, and it 
would be supposed that they would have the incentive to de- 
velop or buy the best machines for handling marine freight 
Stevedores have, however, been at a disadvantage in that they 
have usually had too little certainty of continuing the business 
with any single ship owner. It has been too big a risk for them 
to invest in sufficient mechanical equipment to do work on an 
all-machinery basis. 

The best thing that can happen to a ship owner's bank aceount 
is the elimination of the hand truck from his piers. There seems 
to be no likelihood of sufficient mechanical equipment at steam- 
ship terminals to banish the hand truck except by a rental service 
Versatile mechanical equipment must be mobilized in sufficient 
quantity at any pier as needed. This requires rented freight- 
handling machinery with professional skilled operators. 

Much of the miscellaneous gear used by steamship lines or by 
contracting stevedores is unfortunately not of the best design for 
the purpose, and therein lies opportunity for men with engineer- 
ing training. The average longshoreman cannot be expected to 
select the one best method for the various kinds of freight which 
change every few minutes during a working hour. When power 
trucks instead of hand trucks are used on a pier the truck oper- 
ators can be of tremendous value by using their greater mechan- 
ical experience to guide all the other men in the gang. When 
the hand truck is eliminated, old habits of work disappear and 
there is a zest in the job which creates new performance records 


Paciric Coast Timpers Are Too LarGe anp Heavy For May- 
Power HANDLING 
(By use of mechanical equipment these timbers can be easily moved rapidly 


without conscious effort on the part of the men most intimately 
involved. 

Mechanical freight-handling equipment should move at speeds 
three to five times that of hand trucks. Usually first inst«/lations 
of machinery on steamship piers use the power equipment 00 
only one or two hatches of the ship. If the other hatches am 
worked by hand trucks, power equipment can travel no faster 
than the hand truckers using the same aisles. Mixing the 
methods is unnecessarily dangerous for the hand-truck pusher 
and it does not give a fair comparison with the machine methods 
Until all pier operations are done by machinery without any hand 
trucks to get in the way and slow up operations, full economies 
will not be realized. 

Overtime wages at 50 per cent increase are watched most care 
fully in the offices of ship operators. Not only does the cost pet 
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ton go up because of the overtime wage rate, but there is a de- 
crease in the tonnage because the men become tired from long 
hours of work. Machinery does not get tired and can work at 
high efficiency all night. There is an advantage in working 
many of the busy terminals at night because at night there is 
freedom from the congestion of motor trucks, taxicabs, ete. 
Few ship owners realize that power trucks on the pier need cost 
no more for night operation than for day operation. Although 
the truck operator may get an extra 50 per cent wage rate at 
night, the reduction of overhead charges on mechanical equip- 
ment offsets the overtime wages. So far as the pier operations 
are concerned, a look into the future seems to indicate regularly 
working all around the clock. Ships are getting so much larger 
and more expensive that quicker turn-arounds are sure to be 
demanded. A ship ts active all of the 24 hours when it is at sea; 
why should it waste so much time in port? 

Until reeently operations on steamship piers rather than inside 
the ship have determined the speed of loading or discharging 
cargo. This has been owing chiefly to the assembling and dis- 
assembling of cargo drafts immediately at the side of the ship. 
Where mechanical equipment is used to bring full drafts to the 
side of the ship and take them away from the shipside, the whole 
pier operation is changed. Mechanical equipment on the pier 
throws the weak spot of cargo handling to the inside of the ship 
itself. Stowage of miscellaneous cargo is at best highly com- 
plicated, and every possible attention should now be given to this 
phase of the work. The naval architect will be needed to assist 
in transforming ships so that the cargo inside the ship can be 
handled with more dispatch and less muscle. 

Ship terminals have mostly been designed by the civil engineer 
whose chief thought has been the under-water construction. 
The upper portion of the pier, which affects all of the cargo han- 
dling, has received relatively little attention. All concrete and 
steel design for the freight section of any pier should be planned 
around the mechanical-engineering features. It is practically 
impossible properly to fit the mechanical engineering into the 


Termixan Congestion Can Be Rewievep iF Importep Freicut Is 
TAKEN Away From THE PreRS PROMPTLY 


(There js also a reduction in the accident rate if heavy articles are lifted by 
machine methods.) 


civil engineering after the terminal is completed. Take for ex- 
ample the matter of elevators for two-story piers. These ele- 
vators are seldom large enough and they are often so spaced as 
to cause unnecessary congestion in freight handling. In ports 
where lighters are used, piers should be equipped with ramps to 
permit running electric trucks on and off lighters; proper location 
of such ramps requires in itself very nice study. Many piers are 
built with outside aprons so narrow that throughout the whole 
lifetims of that pier there will be unnecessary labor and delay for 
freight handling and excessive damage to cargo. 

The use of mechanical equipment at steamship terminals per- 
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mits taking the freight any reasonable distance without increase 
in cost. There is nothing to prevent piers being made 600 ft. or 
more wide. Also power equipment permits carrying freight im- 
mediately away from shipside for storage in any nearby area. 
In New York City 5000-ton cargoes of Holland or Belgian brick 
are regularly transported and piled in spaces perhaps one-quarter 
of a mile from the pier berth. Also cargoes of Spanish olives 
in barrels or hogsheads are regularly sorted over several acres 
of sand fill adjoining the pier. From an engineering standpoint 


Sare OPERATION FREQUENTLY REQUIRES THE HANDLING OF LARGE, 
Heavy Macuinery.—INDEPENDENT Four-WHEEL Drive oF 
THE Tec Truck Gives Great TRACTION FOR PULLING OR PUSHING 
Heavy Pieces 
(The varied types of work shown in the preceding illustrations are chiefly 

of interest in that they have been handled economically by one model of 

Tec truck with a few attachments which can be instantly applied.) 


it is perfectly feasible to take large lots of cargo directly from the 
ship to any floor of nearby city warehouses. Thus if ships have 
large side ports and elevators, Pacific Coast canned goods can 
regularly be moved directly from any portion of any ship deck to 
any part of a nearby wholesale warehouse. 

The same ships and the same men in the crew are involved in 
each end of a ship’s run. This is entirely different from railroad 
operation. It should not be so difficult to get freight put into a 
ship at one end so as to get it out of the ship properly at the other 
end. Coolie labor is low in cost, but expensive for supervision. 
Use of mechanical equipment in tropical ports is often justified 
on the ground that less mixing of cargo gives a large saving at the 
American ports. 

Longshoremen in this country cannot be expected to do the 
heavy cargo handling work that they did in former vears. As 
the saying on the Atlantic Coast goes, “In the old days we had 
wooden ships and iron men, now we have iron ships and wooden 
men.” It is up to the ship owners to change the working con- 
ditions. A contracting stevedore cannot do it alone, because 
he has no control over the loading of cargoes in ports other than 
the one in which he is the contractor. 

The high accident rate and great insurance expense should be 
sufficient to get the ship owner's attention. It has been proved 
on the Pacific Coast that most marine accidents can be eliminated 
by competent engineering study. Accident-prevention work 
alone is sufficient justification for more engineering-minded men 
at ship terminals. The use of more machinery and less hand 
labor is definitely known to reduce accidents. Reduction of 
accidents automatically gives better economic cost. 

Men properly qualified to make improvements in ship-ter- 
minal operation do not exist in any great number. The question 
of getting results is therefore a very real one. Perhaps the easiest 
way to make a beginning would be to have carefully picked men 
put in training for this work and serve first on a purely staff 
basis, reporting directly to the general manager. In this way 
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there would be no upsetting of the authority of the pier organi- 
zation responsible for turning the ship around in the least time 
and at the lowest cost. These special men should be given every 
possible encouragement from the top officials of the organization. 
They will need it, and unless they get it they may leave the 
shipping field and set back the whole effort to an entirely new 
beginning. Unfortunately there are too few general managers 
who themselves understand the terminal problem sufficiently well 
to advise and back up these selected men during the period 
necessary for them to become familiar with all phases of the 
work. 

Connection with the general manager’s office is suggested 
primarily because only at the top are there any cost or statistical 
figures available to stimulate imagination and spur one on to 
making further studies. No two cargoes are alike and the busi- 
ness may change entirely at different seasons of the year. A 
rough and ready ability to think in terms of statistics is desirable. 
A beginner should be warned, however, against trying to prove 
too much by cost figures or even the simplest motion studies. 
The operations are usually so crude that the problem becomes 
primarily one of judgment and ingenuity. A valuable process 
for quick test purposes lies in comparing two methods by bal- 
ancing one against the other, factor by factor, and quickly ascer- 
taining which method has one or more predominating advantages. 
After some experimenting the investigator will gain confidence in 
his own judgment and know almost instinctively when a freight- 
handling operation is moving properly without using a stop watch 
or other timing methods. 

Marine-terminal work is more than usually interesting, and 
there should be no difficulty in getting the right type of men to 
enter the field if they are assured proper cooperation and support. 
There is a need for more men who speak the language, which 
need not necessarily be profane. 


Discussion 


H. E. Srocxer.? I think that the author is working along ’ 


the right lines, but disagree with him on lift trucks as compared 
with tractors and trailers. The thing that interests me is that a 
tractor can haul a train of trailers for long distances on a pier, 
1500 ft. long for instance. 

An important point is the coordination of mechanical equip- 
ment, whatever it may be, with the remainder of the operation. 
There is some inclination on the part of terminal-operating 
steamship men to buy, say, four or five lift trucks and the neces- 
sary number of skids and shove that equipment into the opera- 
tion without a comprehensive study of the operation so as to 
get the maximum advantage from the new equipment. 

As the author says, shipping has not kept pace with manu- 
facturing. Shipping management has not developed as rapidly 
and as comprehensively as manufacturing management. 

In shipping we need more of an engineering viewpoint, and with 
that there is bound to come a greater development of mechanical 
handling. Executives for the most part are not trained in the 
management principles that have done so much for manufac- 
turing. If that is done it will undoubtedly bring a revolution in 
shipping and make it possible for American ships to reduce to a 
large extent the handicaps encountered in competition with 
foreign shipping. 

Recently in Chicago I saw the operation of the Goodrich 
Transportation Company, and the same day I saw the opera- 
tion of a manufacturing concern where they keep the material 
on wheels or the equivalent. The Goodrich Transportation 
Company applies that same principle. They receive the freight 

2 Munson Steamship Line, New York, and McCormick Steamship 
Co., San Francisco. 


on trailers for the most part, keep it on trailers until it is pulled 
into the ship through side ports, and leave it on trailers while 
being transported to its destination point. 

The principle of standardization can be applied in shipping to 
a very large degree. I have been on piers where they used two 
or three kinds of equipment to handle exactly the same class of 
cargo. One of those is the best, or there is some other class of 
equipment on some other pier that is the best and that certainly 
should be used in every instance. 

The author is on the right track. We need more men in ship- 
ping who will approach the cargo-handling problem from the 
engineering viewpoint. It will be a substantial step forward if 
shipping men can be induced to join societies such as The Ameri- 
can Society of Mechanical Engineers as associate members, 
It will be a step forward also if the Society will take a greater 
interest in shipping problems. Papers of this nature do much 
for shipping and widen the field for mechanical engineers and for 
manufacturers of mechanical equipment. 


R. L. Lockwoop.* To a certain extent these questions of 
standardization that the author has brought up have been put 
up to us, but so far the work done has been confined almost ex- 
clusively to domestic shipping problems and to domestic con- 
tainers, and there has been very little done with export containers 
and nothing at all with import containers, except imports from 
foreign branches of American companies. There is a little work 
going forward on that. 

Recently the question of standardization of lift trucks and 
skid platforms to secure interchangeability at both ends of the 
line has been brought up to us forcibly by many shippers, |y at 
least three railroad companies, and by a number of manufaec- 
turers. It is too early yet to make any statement about what 
will be done. 

We realize that the matter of shipping on skid platfvorms, 
either “‘live’’ skids or ‘‘dead”’ skids, is interesting manufacturers 
of many different commodities. Some motor-car companies 
are demanding that certain goods be delivered to them on skid 
platforms. There are a number of companies owning several 
plants that make a practice of shipping between those plants on 
skid platforms. They have the same truck equipment at both 
ends and can easily handle it. The savings by that method are 
said to have been large. One instance was in paper shipment 
and another one of pulp. The saving in material alone with a 
temporary nailed skid platform has run as high as 77 per cent 
as compared with the cost of shipping in packing cases. L«ading 
on a skid platform and loading the platforms into a railroad 
car instead of packing the goods in cases and loading them ina 
railroad car has shown as much as 90 per cent saving in labor. 
One railroad system is using skid platforms and lift trucks for 
handling railway stores between different stores points on its ow2 
lines. Figures indicated that in one year they cut down the 


a cut 


number of cars in that service almost one-third, and mace a 
in labor cost of about 65 per cent. J. V. Miller, who is assistant 
general storekeeper of the St. Paul Railroad, has been part 
ticularly active in that work. In a recent article he made 4 
statement that I think sums up the materials-handling si( uation 
from the viewpoint expressed by Mr. Hagemann; that handling 
materials, as distinct from transporting them, adds to cust, but 
adds nothing at all to value. Any gain made in cutting dow® 
the cost of mere handling of materials as distinct from tranuspor 
tation is a net gain. 

The Division of Simplified Practice is now gathering iniorm* 
tion from railroad companies, shippers, and manufacturers of 
equipment, and within a few months, judging by the progress 


3 Division of Simplified Practice, Department of Commerce 
Washington, D. C. 
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in the last two or three months, we shall have a mass of material 
available. 

It has been suggested that we make a number of studies of 
the possibilities for standardization of skid platforms, with the 
idea of determining certain national standards of dimension, par- 
ticularly the clearance height under the platform, so that all 
kinds of lift trucks can handle the same platform; the width 
between runners or legs of the platform; and the overall length 
and width, so that such platforms can be loaded economically 
into a railroad car. The St. Paul people developed a size of 
platform that can be loaded lengthwise in a 50-ft. boxcar, three 
platforms wide and four rows deep to the door, making 12 plat- 
forms, and then 12 on the other end. By this arrangement they 
can get a larger proportion of capacity carloads, whereas formerly 
the average carload in that service was very much below capacity. 

The necessity for fitting standard skid platforms to a railroad 
car is of course of first importance. There are therefore three 
points to be considered. Apparently the clearance height of the 
platform affects more different kinds of equipment than anything 
else. Perhaps the width of the platform between runners is 
next in importance, and then comes the overall length and width 
to fit into a railroad car. That is as far as we have gone. We 
all realize that this problem extends into almost every field of 
manufacturing and shipping, other than the handling of bulk 
cargoes. There are thousands of commodities that are handled 
now and that have been handled for years in and around plants 
on skid platforms. Very few have been handled between plants 
or on railroad shipping platforms. That practice is growing 
very fast. In order to avoid chaos as it continues to grow, it 
will be necessary soon to have interchangeability of equipment. 
The same conditions are developing in this as developed years 
ago in the railroad business, when interline use and car exchanges 
began, and the necessity for interchangeable couplers, standard 
gage, and other standard features of railroad equipment became 
evident. Today such standards are accepted almost as a law of 
nature, but they are actually results of cooperation. The same 
sort of cooperation between shippers, railroads, and manufac- 
turers of equipment must be secured before such results can be 
accomplished in connection with lift trucks, skid platforms, and 
similar equipment. 

The Department of Commerce will cooperate in every possible 
Way to that end. It has been represented to us that the direct 
cost of shipping materials which can be handled on skid plat- 
forms from shipper to consignee runs from seven hundred to 
eight hundred million dollars per year in this country. Savings 
made by shipping on platforms in certain instances have run as 

high as 90 per cent in labor and 70 per cent in material. Esti- 
mates run from a possible saving of 10 per cent to 50 per cent on 
the enormous figure mentioned, but as yet we have been unable 
to verify the figures. It is all up to the industries directly con- 
cerned, and the matter is being seriously considered. We are 
going to do everything we can to help it. 


C. B. Crockerr.t Would the author care to discuss the in- 
herent possibilities of the dead skid and the live skid, and the 
question of taking material from steamships, particularly side- 
port operation, by the use of the lift truck, where it is possible 
in Most cases to get a skid load for one consignee but the very 
next skid load may be for a different consignee, and the ultimate 
Placing of that widely separated material. Is it possible to 
work out a method by which lift trucks can take the material 
from the ship on live skids and so classify them that they may 
be taken down to pier by the tractor trailer method and dropped 
off at the proper destination? The question in a great many 
cases, as I understand it, is that the use of live skids is dependent 
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upon the rapidity of movement of the material and how long it 
has to be stored. 

One of the New York Central engineers recently said that they 
would like to use live skids, but that the investment was too high 
because they had to keep the material on the pier sometimes for 
as long as 28 days. They are therefore using the dead-skid 
method. The author has had experience with the use of the 
two methods and might explain the limitations of both the dead 
and the live skid. 


AvuTuor’s CLOSURE 


Mr. Andjeski, of the Cleveland Terminal Railway, inquired 
about the capacity of that truck and the speed with which it 
operates. It is of 3 tons’ capacity and runs 10 miles an hour 
empty and about 8 miles an hour loaded. The speed can be 
made higher or lower if desired. 

I shall answer the questions of Mr. Crockett and Mr. Stocker 
together. Mr. Stocker asked regarding lift trucks and trailers. 
I hesitate for fear some of my friends in the tractor-trailer in- 
dustry may misinterpret my remarks. Trailers in this class of 
service on piers ordinarily are not larger than 3 x 6 ft. That 
size will not take more than one draft of ship cargo. The prin- 
ciple I have been working on has been to put freight on a lift 
platform. I call it a separable body, for it is not a skid, and the 
word “skid” is a misnomer. The word “skid” originally meant 
something like a machinery skid that had continuous members 
instead of legs as a support for the platform. We have mostly 
outgrown the skid type of lengthwise member, and we have placed 
legs on the corner of the platform. I believe the word “skid” 
is unfortunate and should be dropped. 

Now if a load were put on a lift platform, or separable body, as 
I call it, the speed of movement can be increased because of travel- 
ing on rubber tires and springs. I want to bring out that point 
in different ways because otherwise I might not make myself 
clear. Taking steamship operations and terminal operations, 
there are seldom more than two or three trailers used behind one 
tractor. It is possible to put a dozen trailers behind one tractor 
but they are not seen that way in actual practice. Many times 
one will see just one trailer running behind a tractor. I doubt if 
the average exceeds two. Now suppose we put upon a lift 
platform as much freight as can be placed on two or three trailers. 
It can be run at higher speeds. It can back out of a blind alley. 
The goods will not shake off. The platform is cheaper for a 
given volume or weight of freight than the combined two or three 
trailers to take the same goods. That is indicated in the methods 
of the New York Central Railroad where they want to hold 
the goods temporarily. I consider these lift-truck bodies as sec- 
tions of a floor of a warehouse or pier. Let the goods remain 
on the platforms as long as they possibly can. It then comes 
down to the quite simple problem of the cost per square foot of 
these platforms, sections of a floor they might be called, so as to 
permit as far as possible the leaving of goods on the platforms 
until they must go through the next process. 

In Seattle recently a prominent shipping man was mentioning 
the handling of raw silk from China. It must be inspected by 
the customs officials between the time it comes off the ship and 
goes into an express car. Special trains are run across the con- 
tinent to New York for this silk. He asked, “‘Why lay it on the 
floor for customs inspection when you are moving it on special 
trains across the continent? Let it remain on the platforms until 
inspection is completed.’ I think there is no question but the 
next step is going to be the using of platforms in quantities so 
as to save a handling or two of the goods. If merchandise can 
be left on the platforms for customs inspection and weighing, 
taking care in sorting to have one lot on one platform, as far as 
possible, the deciding factor then is the cost per square foot. 


of 
put 
eX- 
on- 
om 
ork 
ind 
the 
at 
ac- 
hat 
ms, 
ers 
les 
kid : 
ral 
on 
th 
are 
ont 
1a 
nt 
ing 
i 
AC 
1a 
or. 
for 
wn 
ut 
int 
ar- 
op 
ng 
ut 
vn 
of 
e, 
. 


10 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The speed of the tractor and trailer on piers is usually slower 
than that at which lift trucks are being run. The speed of a 
tractor and trailer is comparable, perhaps, with the speed of the 
usual indoor lift trucks. The lift truck shown in the paper has 
50 to 100 per cent more speed than any lift truck of which 
I know. That speed can be used if there is ample power and 
a spring suspension and if there is enough rubber in the tires. 
There is twice as much height of active rubber in these tires as 
is in the standard tires on what we might call indoor lift trucks. 
The old S. A. E. industrial-truck-tire standard was for 2 in. high 
including the metal base. The metal base was about '/2 in., 
the hard vuleanized rubber about '/2 in., leaving 1 in. of live 
active rubber. I accepted the outdoor 8. A. E. tire standard of 
3 in. total height. The metal base and the hard rubber are the 
same, but there is 2 in. of active live rubber. This gives a possi- 
bility of higher speeds over rough floors or rough ground. 

The tire heights for street trucks are somewhat different now 
because higher tires are being made, so that the tire standards 
are all mixed up so far as street trucks are concerned. I am mak- 
ing the comparison as giving some possibilities for running at 
high speeds. Tractors and trailers ordinarily run at a lower 
speed on a steamship pier than do lift trucks because goods must 
not be shaken off. Also with the trailers. even those of the 
best design, there is difficulty in steering at higher speeds so as 
to not hit any piles of freight on the pier. 

As to the question of live and dead skids: putting anything 
in the nature of castors on skids very greatly increases the first 
cost. I have designed some castors, better than anything I 
could buy, to get more ruggedness and better bearings, so as to 
make it possible to push a 3-ton load on the lift platforms illus- 
trated. The conclusion I have reached in my own studies is to 
handle everything possible by machinery. With castors there 
is an implication that the skids are going to be pushed by hand. 
I say, do not push by hand; move by machinery. That involves 
sorting on the discharging end, if possible, inside the ship. Load 
merchandise so that when discharging it is not necessary to sort 
it outside the ship; do it inside. The stevedores may say that 
this cannot be done. I can show great savings by companies 
that are doing it. The stevedore who has to discharge ships 
usually does not control the loading at the other end. When he 
loads an outgoing ship at his pier he says, “Let the other 
fellow worry. My job is to get that ship out on time. The 
other fellow has to discharge the freight. I have loaded it so 
that it will not shift inside the ship. That is my job, to stow 
it safely and get the ship out on time.” That is typical all over 
the world. If we get the goods out of the ship the right way, 
we should not put castors on skids or platforms, but we should 
use machinery. I try to put it to my men in this way; “If we 
were going to heaven, and going to handle freight in heaven, 
how would we revamp our methods?” And we reckon the 
ultimate in heaven and seen how close we can come to it on 
earth. I believe the use of castors on a steamship pier is a step 
in the wrong direction by which we are likely to set precedents 
that we shall want to change later. If castors are used, people 
will expect to push by man power for the next ten years. Don’t 
do it. Let’s move freight by machinery, and if we can’t move it 
by machinery under present conditions, let’s change the con- 
ditions. 

John A. Grove, of the Atlantic Refining Company, has asked 
if there is any satisfactory means, other than by the winches and 


slings, of handling mechanically a uniform package to the interior 
of vessels without side ports, such as by a booster conveyor or 
spiral conveyor taking the package to the stowing point. That 
is a very interesting question. Side ports on steamers are worthy 
of a discussion by this Society. On the Pacific Coast last fal] 
I found that the H. F. Alexander was built with side ports wit) 
the expectation of running coastwise on the Pacific Coast. Per- 
haps the insurance underwriters took literally the word “‘pacific’’ 
and thought it was all right to have side ports of large size on the 
Pacific Ocean. During the war the H. F. Alexander went across 
the Atlantic. The underwriters had no choice but to try it out, 
and there was no trouble, so I believe that this is the beginning 
of the acceptance of large size side ports on steamers running in 
what might be called foreign trade. 

Intercoastal might be classified as foreign trade so far as the 
nature of territory you have to go through and it may be « 
valuable precedent. The new California, built by the Inter- 
national Mercentile Marine for intercoastal work, has large- 
size side ports. They are 8 ft. high and 8 ft. wide. That is 
high enough to run in any kind of rubber-tire freight-handling 
equipment. If this can be done in intercoastal service, [ do not 
see why it should not be done in the Atlantic service. With 
side ports, as on the new California, there are beautiful passenger 
decks, with only one or two hatches on the whole ship made for 
large cargo. I am not speaking now of a ship to take locomotives, 
freight cars, and things like that, where the hatches must be 
big enough to take in long freight. I have seen the Luckenbach 
take 78-ft. long sheet steel piling for a drydock, pick them up, 
and lower them into the hold. For that there must be hig 
hatches. This suggests another line of attack. Make the 
hatches so big that they are nearly all hatch, and then each 
draft can be set down where it is wanted. 

There are several lines of attack on the freight-ship problem. 
The naval architects and ship operators should get together, 
and the mechanical engineers can help. There are so many 
different lines of approach that I do not know which one is going 
to be the answer; it depends on the particular trade. I believe 
that many ships now in use will become obsolete because of their 
cargo-handling cost as soon as they will be from the standpoint 
of obsolete engines. The field is practically untouched now. 
The side port has possibilities. I do not know what the under- 
writers are going to let us do about it. The Clyde line and 
different coastwise companies have been using side ports for 
vears. Whether the word ‘‘coast’’ has any influence on the 
underwriters I do not know, but I believe with that precedent 
we can get side ports. With side ports the sling can be elimi- 
nated, and freight can be stowed in carload lots, inside the ship 
in such a way that there is a whole carload in one block. If the 
ship-loading crews do not stow it so that a carload can be found 
inside and if they do not bring the lot out intact on the pier, 
then somebody should be called ‘on the carpet” before the 
general manager. Canned goods may be loaded in such a way 
that they can be discharged to the pier intact as a carload when 
they come out. If it is necessary to sort according to the size 
of the prunes, or whatever it may be, at this end of the run, it 
is only necessary to sort through the area taken up by one carload, 
which can be done by hand. The freight does not have to be 
taken from one area to the next in this kind of sorting. If one 
would sort freight properly, he must stow the ship properly; 10 
that way no castors or wheels of any kind will be needed. 
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The Hydraulic Handling of Ashes 


long appealed to the practical designer and operator of 
boiler plants as offering a means of carrying the refuse mate- 
rial without the use of conveying machinery. For years mine 
operators have pumped water from the mines, leading the water 
beneath the boilers, discharging ashes into the stream, whence 
the mixture flowed to low-lying ground or was allowed to dis- 
charge into a discarded mine shaft. 

The absence of machinery, the elimination of labor, and the 
fact that the ashes are handled cold and dustless lend a powerful 
appeal, but these inherent advantages, until recent years, have 
been largely offset by serious objections. 

Most plants are not as favorably situated for the process as 
were certain coal operators: thus they have no continuous stream 
of waste water in sufficient quantities and under enough head to 
carry ashes. If they have, they have no place to which the ashes 
may be washed. Large modern boiler houses cover considerable 
area, the boilers are in comparatively long rows, and a stream of 
water with sufficient pitch to maintain the required velocity 
means placing the boilers very high above grade. Thus a sluice 
channel having a pitch of */s in. per ft. will maintain a water ve- 
locity of about 12 ft. per sec.—barely enough (even with large 
proportions of water) to positively carry the ash. If now the 
boiler row is but 200 ft. long, the channel must drop more than 
6 ft. from the upstream boilers to the end of the row; and in most 
instances this must be added directly to the total building height. 


PH eppeated to th the handling of ashes by water has 


EARLY INSTALLATIONS 


Despite these drawbacks, however, certain outstanding plants 
prior to 1923 did install hydraulic methods of ash handling. 
This was done, the author believes, in most cases with boilers 
equipped with underfeed stokers having a grinder ash discharge, 
or with chain-grate stokers where no large clinkers were antici- 
pated. The installations were successful as designed. The sim- 
plicity of the arrangement, absence of moving parts, elimination 
of labor, and the fact that the ashes were not handled loose with 
the attendant dust, dirt, and fog, became apparent at once and 
offset the disadvantages which came up. Briefly, the most serious 
of these disadvantages were as follows: 

1 The stokers discharged ashes continuously, and it was 
hecessary to pump water continuously. This resulted in high 
pumping cost—from 20 to 40 kw-hr. per ton of ash moved were 
the usual figures. 

2 The water channels or sluiceways were pitched, which 
resulted in the necessity of setting the stokers very high above 
the ash basement, and consequently in high building expense. 

3 In order to minimize the pitch of the sluiceway, and therefore 
the building height, water velocity was kept at a minimum 
to safely carry the ash. As a result the ash apparently half 
slid, half rolled along the bottom, and wear on the sluiceway 
liners was extremely high. 

_4 The sluiceway started at one end of the boiler house and con- 
Unued to the other; further, it had to run continuously. Re- 
pairs, therefore, could be made only by handling the ash discharge 
from all the upstream boilers by other means (usually temporary, 
and as such, crude). 

5 It was found with the sluiceway pitches ordinarily employed 


' Engineer, Allen-Sherman-Hoff Co. Assoc-Mem. A.S.M.E. 
rresented at the First National Meeting of the A.S.M.E. Ma- 
terials Handling Division, Philadelphia, Pa., April 23 and 24, 1928. 
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that clinkers of only limited size and density could be handled. 
Large and dense clinker, arch tile, or the like falling into the 
sluice would not move; smaller material following would wedge 
behind and a dam would soon form, and the sluicing water would 
back up and overflow the channel, carrying a dirty mixture of 
ash and water into the basement. (This is really a corollary of 
(4) and (5.)) 

6 If the sluice dammed at the downstream end, its operation 
was instantly destroyed for all upstream boilers, and as they 
depended upon the ashes being taken away as rapidly as dis- 
charged, the cumulative results were serious. 


Designs EMPLOYED IN MODERN INSTALLATIONS 
Designers in the last five years have been continuously working 


Fie. 1 Hyprautic AsH-Hanpiinc System Unper a 2000-Hp. 
St. PLant oF ConsoirpaTep Gas & Exectric Co., 
Ba.tTimore, Mp. 

(The furnace-bottom gates are opened and the ash dropped on the feed 
plates which are directly under the gates. The ash is then fed into a con- 
crete sluiceway lined with nickel-cast-iron liners.) 
to retain the inherent advantages of these earlier installations 
and eliminate these six major disadvantages. The designs em- 
ployed by many modern installations are therefore listed below. 

1 To reduce the cost of pumping continuously, ash hoppers 
having from 8 to 20 hours ash storage between the stoker and 
the sluiceway are commonly employed; the instantaneous 
carrying capacity of the sluiceway being such that ashes accu- 
mulated in the hopper during hours can be run out in as many 
minutes. Many installations show water-pumping costs under 
these conditions of from one to two kilowatt-hours per ton of ash 
moved. 

2 To overcome the necessity of pitching the sluiceway, water is 
introduced into it through nozzles at very high velocity by 
pumping it at high pressure (50 to 100 lb.), and then as the velocity 
drops along the sluiceway, introducing additional “booster” 
water. It was found that velocities of from 50 to 100 ft. per sec. 
could readily be maintained in a perfectly horizontal sluiceway 
for long distances (200 to 500 ft.). 

3 Whereas ashes dropping into water moving at 10 to 12 ft. 
per sec. slide or roll along the bottom, it was found that with 
velocities of from 50 to 100 ft. per sec. the ash did not sink, but 
rather rode on top of the stream; abrasion of the sluiceway liners 
was thereby virtually eliminated. 

4 As there was an ash storage of from 8 to 24 hours between 
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the stokers and the sluiceway, which could be discharged in as 
many minutes, there remained some 23 hours per day available 
for repairs, should they ever be necessary. 

5 As the power available in a stream of water is a direct 
function of the water quantity and a function of the square of the 
water velocity, modern plants have almost eliminated the possi- 
bility of large, dense clinker or arch tile or the like failing to move 


Fie. 2 Arr-CooLtep Furnace Bottom, AsH-GaTe  SEcTION, 

CLINKER CHAMBER, AND Soot ork FINE-ASH COLLECTION SYSTEM OF 

Hypravutic AsH-HANDLING INSTALLATION IN PLANT OF Sioux City 
Gas & ELeEctric Co. 


along the sluiceway. This becomes apparent when it is con- 
sidered that the instantaneous quantity of water used is about the 
same, but its velocity in a modern plant is about in the ratio of 
100 ft. per sec. to 10 ft. por see. The instantaneous power, there- 
fore, is about 100 times as great (the square of the velocity ratio), 
which means that a single clinker many times heavier can 
readily be moved. A modern sluiceway will readily carry a dense 
clinker weighing 50 to 75 lb., or to say it another way, will carry 
any stoker-refuse material passing 12-in. square grids. 

6 Even should a modern sluice dam up (due to loss of water 
from the pumps or the like), operation of the plant is not seriously 
affected, as ashes will merely continue to accumulate in the ash 
hoppers until the water pressure has been reestablished and the 
dam broken up and discharged, when the usual method of ash 
discharge will be continued. 

To summarize: Earlier ash sluicing was continuous and em- 
ployed pitched sluiceways, which developed certain disadvantages 
resulting in the general adoption in modern plants having ash- 
storage hoppers above the sluiceway, of intermittent operation of 
the sluiceway, and (by use of high-pressure water producing high 
velocity) of horizontal sluiceways. 

A most serious difficulty developed in storing ashes so that 
sluiceways might be intermittently operated. The original 


idea was that ash gates would control the flow of the ashes from 
the hopper to the sluice. However, it soon became apparent that 
it was virtually impossible by simply opening the gate which 
controlled an accumulation of several tons above, not to instan- 
taneously overload the carrying capacity of the sluice below, 
It was therefore necessary to develop a positive means of control- 
ling the instantaneous flow of ashes from the hopper above in 
proportion to the instantaneous carrying capacity of the sluice. 
Two general schemes have been successfully employed. 

The first consisted in dropping the ashes into a mechanical 
feeder provided with rolls which would feed directly in pro- 
portion to the speed at which they were driven. This scheme 
has the double advantage of crushing any clinker which might be 
too large for the sluiceway to carry. 

Another extremely simple and positive scheme (which has the ad- 
vantage of requiring no machinery for feeding) consists in eliminat- 
ing the ash gates altogether, and allowing the ashes from the stoker 
to drop to the slightly sloping plates forming the bottom of the 
ash hopper. When the hopper is full, water jets (fed from 
the same source of water supply as that feeding the main-sluice- 
way carrying nozzles) undermine the accumulated ashes, both 
ashes and water flowing into the sluiceway. As the undermining 
feedwater is from the same source as the carrying water, that is, 
at the same pressure, it is apparent that by proportioning the two 
quantities, any feeding rate may be obtained which will always 
be in proportion to the carrying capacity of the sluice beneath. 

This scheme can only be used where no large proportion of the 
ash will contain clinkers individually exceeding 50 to 75 lb. in 


Fic. CLINKER GRINDER ON PRoPORTIONING CAR USED FoR IEED- 
ING AsH From a Dump-PLaTE STOKER TO A HyprRautic Asu- 
HANDLING SLUICEWAY 


weight. Usually it is not applicable to underfeed stokers using 
dump-plate ash discharge. Mechanical feed (such as grinders) 
should be employed under this condition. 


HANDLING From PULVERIZED-FUEL FURNACES 


Modern hydraulic ash handling is particularly applicable 
to ash from pulverized-fuel furnaces. It has been found that on 
the average about 25 per cent of the total ash in the fuel where 
powdered coal is employed is collected in the ashpit proper. 
Another 15 to 20 per cent is collected from the second pass of 
the boiler, from hoppers beneath economizers or air heaters, 
from flues, and from the base of the stacks. A horizontal sluice- 
way may thus readily be used to collect dust from many sources 
through comparatively small pipes run almost at will. By carry- 
ing this dust mixed with water and virtually as a fluid, none of the 
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problems of flow angles along various substances enter—all of 
which results in amazing simplicity of design. 

Of particular importance, where pulverized coal is burned, is 
the fact that in a modern hydraulic ash-handling system the ashes 
and dust are not handled loose; the system is totally enclosed 
and the refuse ends its trip under water. The impracticability 


Vertica, MANGANESE-STEEL Pump Usep For DISCHARGING 
Asues E:rruHer To or To TANKS 


of headline such ashes by dropping them dry and loose into cars 
or an open conveying system can readily be seen when it is ap- 
preciated that a great proportion of the ashes in such a coal- 
burning system are as impalpable as talcum powder or cement 
dust. Handled loose they float in suspension in the air, permeat- 
ing the entire power house, with probable serious effects on 
moving machinery. 

| In handling ashes beneath pulverized-fuel furnaces attention 
s particularly called to the necessity of having an ash storage 
space well protected from the direct heat of the furnace; other- 
wise the ash may fuse and serious trouble result. It is always 
necessary to have an ash gate between the ash-storage hopper and 
the sluiceway where pulverized fuel is used, to prevent excess air 
entering the furnace. 

_ The Buffalo General Electric Company have been successful 
in handling ash as molten slag by means of hydraulic ash han- 
dling. The furnace is of the well type, and ash melts and accu- 
mulates as a molten pool at the bottom of the well. This is tapped 
off daily, dropping to high-velocity water jets which instan- 


‘aneously chill and disintegrate it. The chilled particles are 
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carried by an ordinary high-velocity horizontal sluiceway to a 
sump, from which point they are pumped by manganese-steel 
centrifugal pumps to a fill some 1100 ft. distant. 


Asu DISPOSAL 


It is now necessary to consider the final disposition of the 
ashes after they have been hydraulically accumulated into a 
centralsump. There are several well-developed means, as follows: 

1 The ashes and water, where elevations and distances permit, 
may be sluiced direct to the fill, the ashes remaining and the water 
leaching back into the ground or flowing to creek or river. 

2 The ashes and water, where elevations or distances or both 
do not permit sluicing direct to the fill. may be sluiced to a central 
sump and pumped by manganese-steel pumps to the fill, the ashes 
remaining and the water being disposed of as before. This 
scheme requires a very small sump, as ashes and water are taken 
out as fast as they come in. 

3 The same as (2) except the ashes and water are pumped into 
an overhead bin, the water flowing out (through water-collecting 
ash gates at the bottom of the bin) to the sewer, and the ashes 
remaining to be dumped later into railroad cars, auto trucks, or 
the like for final disposition. As in case (2), a very small sump 
is required. 

4 The ashes and water may be sluiced to a large sump, the 
ashes stored therein, and the water allowed to overflow to the 
sewer. Of course, combinations of any of these schemes may be 
employed, but the four cases outlined are fundamental. 

Where water is a valuable commodity it may be recirculated 
after dropping out the ashes. In such a case not more than 1 Ib. 
of water per 10 lb. of ash moved is required as make-up. 

In closing, it is interesting to note that the material handling 
section of the Prime Movers Committee of the N.E.L.A. said in 
their 1926-27 report that of 38 plants examined that were built 
prior to 1924, about 15 per cent used hydraulic means of ash 
handling, whereas of 24 plants investigated that were built 
since that time, 50 per cent employed this means. The cost 
analysis showed that of all the ash-handling means employed 
in all the plants examined, the hydraulic showed 30 per cent less 
cost per ton of ashes handled than the next best means. 


Discussion 


Cuarues H. Bicetow.? About 30 years ago, while I was 
with the West End Street Railway Company in Boston, we 
designed a power plant at Charlestown and there we installed 
sluiceways under all the boilers through which we discharged 
the water from the condensers. They were hand-fired grates; 
the ashes fell into the sluices and were carried out, and that part 
of it worked successfully. The water discharged upon the flats; 
there was a bulkhead quite a way out, and we thought we could 
fill up the flats without trouble, but unfortunately the water 
carried the ashes too far out into the channel. The Harbor Com- 
mission got after us, and we had to stop it. We had an unlimited 
supply of water while we were running, all our discharge water 
from the condensers flowing along these channels, and it worked 
very well as far as it went. 


AUTHOR’s CLOSURE 


As to Mr. Bigelow’s comments, I understand that there have 
been various plants in the country that have used condenser 
water and in some cases waste water from stills, etc., the water 
being led in a stream under the boilers, from which the ashes 
are dropped, and carried to a fill. Mr. Bigelow brought out the 
fact that the ash carried quite a distance out into the channel. 

2 Plant Engineer, Spicer Mfg. Corp., South Plainfield, N. J. 
Mem. A.S.M.E. 
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That is a peculiar feature of hydraulic ash disposal. When 
we think of it, ash travels just as sand does. 

I visited the Ford Motor plant in St. Paul about two years 
ago, a year and a half after we had installed a complete hydraulic 
ash-handling system. The ash is moved from two boilers and 
two gas generators to a small sump, from which it is pumped to a 

- fill. I expected to find the ash in a large pile at the discharge end 
of the pipe line, but instead it had drifted to various places and 
at that time had built up 8 or 10 in. around the trees for an area 
of approximately half an acre. 

Harry 8. Ford’ asks whether the 14 cents per ton of ash 
handled at Media, which I mentioned in my oral presentation of 
the paper, includes the total cost. I might say that it does not, 
and that he also misunderstood me. It is 14 cents a day for 
the cost of pumping the water, and that is the only cost other 
than the original installation cost of the particular job. There 
has been absolutely no maintenance at that particular plant, and 
it has been in operation over a year and a half. The ash is 
sluiced 500 ft. to fill in 7 minutes or less per day. 

As to the maintenance charge of which Mr. Ford speaks, the 
job at the Ford Motor Company has been in use for about three 
years, and to my knowledge we never shipped them any spare 
parts or equipment for making repairs to their installation. 
They use pumps and discharge the ashes alongside the Mississippi 
River bank. 

Mr. Ford also brings up the matter of abrasion. As I stated, 
the abrasion is virtually eliminated. Here in Philadelphia we 
have a plant in which 50 tons of ashes a day are handled. Origi- 
nally, we installed in the sluice at this plant 160 ft. of quarter- 
round liners. These were designed with the idea that after 
the bottoms of the liners wore they could be reversed and the side 
be used then at the bottom. There was also about 185 ft. of 
half-round liners. However, owing to the velocity of the water 
and the effectiveness in moving the material, it would also move 
the quarter-round liners to the sump after the bottom of the 
liner had worn enough to allow the water to get beneath them. 
Now, at the time those liners were installed, ordinary cast iron 
°/; in. thick was used. However, the full half-round liners that 
were also installed in the plant have been in use with about 50 
tons of ashes a day passing over them, and they have been re- 
newed this year. These are the liners that are in the mouth of 
the sluice itself, at the discharge end—say, the last 50 or 60 ft. of 
the sluice. This means that it took almost three years to wear 
down half-round liners only °/, in. thick. At present we are 
supplying nickel liners 1'/; in. thick in place of the ordinary cast- 
iron liners. 

Mr. Ford also makes mention of the shut-off gate under the 
hopper. He states that in case such wear took place, there would 
be about 23 hours a day for repairs because the gates could be 
kept closed, and desires to know what would happen when no 
gates were installed. Mr. Ford is evidently referring to a pow- 
dered-fuel furnace. In this case, feed plates are set at an angle 


’ Eastern Sales Manager, R. H. Beaumont Co., Philadelphia, 
Pa. Assoc-Mem. A.S.M.E. 
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of approximately 15 deg. and are located beneath the ash gates 
These gates seal off the bottom of the furnace. Without gates 
another type of seal would be necessary to give the proper cop. 
trol of furnace gases. Consequently, we obtain time for the 
removal of old liners and the installation of new liners in rels- 
tion to the carrying capacity of the hopper itself. It is very easy 
to install these liners as 30 ft. of liners can be installed by mean 
of turnbuckles in 2'/; hours. 

Mr. Ford also brings up the question of feed nozzles, not w- 
dermining but boring a hole through the ash. Originally y 
attempted to feed the ash from the top of the plate downward 
This did not meet with real success, as at times the whole charg 
of ash would run down in an avalanche, similar to dropping th: 
ash directly from the gates themselves. An improvement over 
that design was the installation of two nozzles at the lower end 
of the feed plate, one at each side, with the streams crossing 
each other at the upper end of the feed plate; this water under. 
mined the ash from the lower end of the feed plate, and positiy: 
control of the quantity of the ash fed was obtained. 

Since that time we have developed an oscillating nozzle an 
use only one hand-operated or power-operated nozzle at th: 
bottom of each feed plate. 

The next question is on how the water was drained from thy 
tank. Mr. Ford is quite right in saying that the discharge t 
the tank is about 600 gal. of water per min. The statement 
made in the paper should be amplified. There are two methods 
of doing it, the preferable one being to have a weir running 
around the bottom of the tank, the water flowing over the weir 
and then running to waste, or being recirculated in the system 
However, in the tank I described this was not the case. The 
tank was an existing tank and the aforementioned arrangemen 
was not adaptable. The water was taken from its top level by 
means of lowering a 6-in. pipe through an 8-in. pipe. On ty 
of the 6-in. pipe was a cross-fitting, and attached to the to 
flange of the cross-tee a piston rod, which maintained the cros 
on the 6-in. pipe just below the water level of the tank. Tl 
two inlets of the cross allowed the water to enter the 6-in. pip 
and then discharge to waste, the 6-in. pipe being lowered to th 
ashes by means of the piston rod which was operated with b)- 
draulic pressure, through a manually controlled valve. 

The next question Mr. Ford asks is about recirculating th 
water. This is accomplished by allowing the water to pass over 
and under a series of baffles at low velocity, to allow the a 
particles to drop out, and then repumping the clear water resul'- 
ing back to the sluice nozzles. We require about 1 Ib. of wate 
in actual “make-up” for each 10 Ib. of ash handled, based up! 
the average operation where the ashes are quenched prior ' 
sluicing. The circulating arrangement has been in use in Harn 
burg more than 10 years, and as to the effect on the pumps, | 
cannot definitely state. I might say that the new Kips Bay‘ 
tion in New York is going in on the same basis. 

The last question Mr. Ford asks is again about maintenant 
and how to compare costs. I personally have not compare 
these costs. I have used the report of the Prime Movers Com 
mittee. As to how they base their analysis, I am not certai. 
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Modern Handling Methods of Railroad 
Transportation 


Meeting Freight-Traffic Problems at the Terminal Discussed—Use of Unit Containers 
in Transporting Merchandise in L.C.L. and Full-Carload Lots 


By G. C. WOODRUFF,' NEW YORK, N. Y. 


of the World’s Fair of 1893 there was the caption: ‘The 

easy progress of men and things from place to place 
makes a nation strong and great.’’ This to a very great degree 
at that time typified, and during the succeeding years has con- 
tinued to typify, the advance of America through the current 
and never-ending improvements in transportation. 

Other nations may have elements which would seem to make 
for prosperity and advancement, such as education, fertile acres, 
and extensive territory, but a comparison of the progress of such 
nations with the progress of these United States in the past fifty 
years would show without question that because of its transporta- 
tion the United States has advanced in a degree far exceeding the 
advance of other nations of the world. 

The term ‘transportation,’ however, has perhaps been used in 
too narrow a sense in that it has essentially been confined to the 
movement between distinct places rather than to all elements 
included in transportation, such as for instance the movement 
within a restricted area or a given terminal, which embraces all 
methods for the better and more economical handling of the goods 
which are to be or have been transported. Therefore any under- 
taking which would benefit those most vitally interested in ter- 
minal handling, namely, the shipping and receiving public and the 
railroads, would be properly considered as an important advance 
in transportation. 

The request to prepare a paper on this subject mentioned cer- 
tain phases which it was desired should be discussed, and as only 
passing mention may be made of many of the activities, the 
features of largest importance and greatest interest to mechanical 
engineers will be stressed. 

The handling of unit containers will first be discussed, and in 
that discussion there will necessarily be brought in some of the 
other elements, such as overhead cranes, electric lift trucks, and 
motor trucks, for it will be shown that each and all serve an im- 
portant part in the ultimate development of this one phase of 
terminal handling. 

The handling of unit containers may be subdivided into two 
parts, the handling of merchandise freight or what is commonly 
known as less-than-carload-lot traffic, and the handling of rough 
or bulk freight in carload traffic. 


QO VER the great golden dome of the Transportation Building 


HANDLING MERCHANDISE FREIGHT 


For the past fifty years or more the methods in handling mer- 
chandise ireight have not been changed to any marked degree, 
in that packages of various kinds, shapes, and sizes have been 
tendered at the railroad platform, taken by railroad labor after 
unloading from the shipper’s truck, and either directly loaded into 
4 car or more frequently placed upon the freight-house floor until 
the ear could be loaded, and then trucked to the car for relatively 
long distances and stowed in the car. Owing to the usual limita- 
tions in available extra space, particularly at larger terminals, 


Freight Traffic Manager, New York Central Railroad 
pany. 

; Presented at the First National Meeting of the A.S.M.E. Ma- 
erials Handling Division, Philadelphia, Pa., April 23 to 24, 1928. 
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in many instances the freight must be loaded into the car cur- 
rently as offered, which often has resulted in an ill-assorted and 
badly loaded car, because it was not possible to reassort and prop- 
erly load the freight to the best advantage. 

Obviously if heavy packages were offered late in the day and 
the car was two-thirds loaded, it would not be practical to unload 
the car and reload it on account of the cost and lack of time, so 
that in actual practice another car would be loaded, resulting in 
relatively light loads for both cars. 

The freight having been loaded in the car, the car would be 
transported sometimes to destination and sometimes to a trans- 
fer, where the freight would be taken out and there reloaded in 
another ear, in the case of a transfer, or unloaded from the car at 
the destination point, placed in the freight house, and later on 
picked up again and taken to the doorway for delivery to the con- 
signee’s truck. In the case of the transferred freight an interme- 
diate unloading and rehandling would also be necessary. 

A study of the cost of handling L.C.L. merchandise freight 
made during the Railroad Administration developed that for 88 
representative cities in the Eastern section, the amounts which 
must be charged against the handling of L.C.L. merchandise 
would be on the average 10.4 cents per 100 Ib. at each end of 
the route. Obviously a railroad having the point of origin and 
the terminal both on its rails would be saddled with the extra 
expense of 20.8 cents per 100 lb. for mere terminal handling. 

In addition it was pointed out by Attorney Examiner Flynn in 
Docket 18000 in the matter of motor-coach and motor-truck 
operation, incident to general discussion of L.C.L. tonnage, that 
“although the less-than-carload tonnage in 1924 constituted 
3'/s per cent of the total tonnage handled by Class 1 steam rail- 
roads, it is stated that 25.7 per cent of the railroads’ equipment 
was used to handle it and 32.2 per cent of claims paid were on this 
less-than-carload traffic.’ It will be observed, however, that 
the relationship of tonnage, cars used, and claims paid on this 
L.C.L. merchandise is altogether out of proportion. 

In addition the loading of merchandise cars to specified points 
owing to the necessity of handling, as outlined in the first part 
of this paper, has necessarily resulted in very lightly loaded cars 
and a duplication of service without consequent proper relative 
revenue. Further, the investment in terminal facilities, in- 
cluding warehouses, tracks, and other operating facilities, is much 
out of proportion to the tonnage and revenue resulting, and in 
addition the railroads as a whole are consistently faced with 
demands for increased capital expenditures for facilities to take 
care of the L.C.L. merchandise business. In many of the larger 
cities such facilities can be obtained only at almost prohibitive 
prices, if at all. 

Such a situation has naturally been a matter for deep thought by 
those responsible for the proper operation and monetary returns 
by the railroad. It would have been an easy matter to have 
corrected this situation to a considerable degree by holding freight 
over or doubling it up, but in such a procedure the interest of 
that factor most vitally concerned would not have been properly 
taken care of, namely, the public, and in the final analysis as a 
public servant the railroad owes its first duty to that public and 
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must give reasonable service, bearing in mind the commercial 
necessities of this particular traffic. 

Since the War, with the rehabilitation of the railroads generally 
it is perhaps fair to say that the brand of service offered has never 
been better, and the public has been led, and properly so, to ex- 
pect continuous daily reliable service, so that they have been in 
a position to cut down inventories and depend on regular re- 
ceipts for their daily needs. 

There have been many things thought of, and among them— 
and perhaps presenting, at least to as large a degree as any, 
favorable comment—is the unit container as typified by the 
L.C.L. merchandise container, which, following a number of years 
of development starting back of 1922, first was in operation in 
1922 in a very limited way, and by constant experimentation 
and endeavoring to change for the better has been gradually im- 
proved and extended until it is being increasingly used in handling 
L.C.L. merchandise traffic between important centers. 

Picture a large box or a container having a capacity of 438 cu. 
ft., with outside dimensions of width 7 ft. 2'/. in., height 8 ft. 
2'/in., length over guides 9 ft. 3/2 in., and with inside dimensions 
of width 7 ft., height at eaves 7 ft. 1 in., length 8 ft., 10 in., pro- 
vided with eyes at the four corners, with straps by which an over- 
head crane or other conveyor can lift it from the truck to the 
car or from the car to the truck, and fitted into place on the car 
by means of guides and slots so each is firmly held and all pos- 
sibility of side sway or other change of location is avoided. 

Such containers are handled on a car about 47 ft. long by 
9 ft. 3'/2 in. wide, of low-side gondola type, equipped with guides 
into which the containers fit. The containers have a tight door 
and are leak-proof in every particular. The doors are locked 


‘and the method of carrying the containers on the car makes it 


impossible to open them in transit. This is important in that it 
absolutely does away with opportunity for pilfering while in 
the railroad possession, and as it is locked by the shippers and 
unlocked by the consignees with their own locks and keys, the 
possibility of their being opened by any one on the truck at either 
end of the route is practically nil. 

In addition, as six of these containers are used on the present 
type of car, the liability of damage claims is reduced to almost 
nothing in that the goods to be transported are divided into six 
units, which in effect are protected against each other by double 
bulkheads. The advantages of this method of transportation 
are of value both to the transportation agency, which is the rail- 
road, and to the public, which is the shippers and the consignees. 
Each container can handle a maximum load of 8500 Ib. of miscel- 
laneous freight, and the rate structure, as developed, makes it 
advantageous to the shipper or receiver to have the containers 
loaded as nearly full as possible, with the results that if each con- 
tainer should be loaded full there would be a car of 51,000 Ib. of 
mixed merchandise as compared with the ordinary loading of 
merchandise freight in box cars of about 15,000 Ib. 

The goods are loaded in a container by a shipper and are un- 
loaded from the containers by the consignee so that in comparison 
with ordinary merchandise freight that is loaded into the cars 
by a carrier and similarly unloaded from the cars by a carrier, 
the saving in labor alone is important. 

In addition, if in ordinary transportation the carriers had the 
equivalent of the amount of freight shown as capable of being 
transported in one unit of six containers per car, they would in 
their ordinary method of handling have to use at least two to 
three merchandise cars to transport such aggregate freight, which 
would mean in addition to the capital investment in one or two 
extra cars the actual road-run cost of the operation of these cars 
as against the one car, not to mention the extra switching at each 
end of the line and the house space taken up by the extra cars. 
Further economies are possible to the railroad in that the billing 


is by container rather than by item, and it seems needless ty 
point out that with an average expense per billing item of abou 
15 cents the saving of hundreds of billing items would mean , 
radical economy from the accounting department standpoint. 

From the standpoint of the user of the containers, the shipper 
or the consignee, the advantages and economies are eually 
important, because a basis of rates has been developed which de. 
parts from the usual official classification basis and is on the mile. 
age and bulk loading of miscellaneous articles in the container 
all articles proper to be transported in the container being 
charged at the same rate, which is a certain figure per mile for 4 
certain fixed minimum amount of tonnage in the container 
These charges are increased as the weight increases to the mavi- 
mum, but the resultant rate if reduced back into cents per 10) 
lb. is relatively less per 100 lb. as the containers are loaded to or 
nearly to their maximum. In addition the charges are on the 
weight of the contents of the container, and it is not necessary 
in container shipments to pack the goods in the same manner a 
prescribed by the official classification or in ordinary railroad 
shipping, and therefore light packages or simply paper wrappings 
can be used, with a considerable saving in that part as well. 

The lack of pilferage is equally important to the shipper or 
consignee, and the almost total cessation of damages presents ar 
attraction in the service. Further, from a handling standpoint 
the containers are loaded at the shipper’s place of business 
trucked to the railroad, either by the shipper or under contrac’ 
with outside truckman, the railroad having no part in this under- 
taking, put as a lot on the car, and at destination trucked to con- 
signee’s place of business. Here they can be unloaded on the 
truck or can be taken off the truck and put on the consignee’ 
platform for handling at his convenience. 

It is becoming generally recognized that the use of unit con- 
tainers is of increasing importance, and the development of the 
L.C.L. merchandise container has appealed to the railroads as i! 
is being used in larger numbers each year. The point of view 
of the railroads is expressed in the following quotation from at 
address at Dallas, Texas, on October 18, 1927, by the chief er 
ecutive of one of the principal railroads of the country: 

“We are doing new things. For instance, the railroads are 
developing new plans of packing in containers which can 
lifted from a motor truck in one city one evening, placed in a cat 
and moved overnight, and early the next morning taken off th 
railroad car and put on another motor truck and delivered 
destination promptly. This development of container trans 
portation promises to revolutionize many of our methods. It 
may ultimately relieve us of one of the most expensive of ov 
activities in the handling of less-than-carload freight at transfer 
stations.” 

The use of the L.C.L. merchandise container becomes 1 
creasingly possible at the smaller stations as ways and means at 
developed for best handling it, and it is felt that ultimately " 
will to a large degree solve the question of the expensive wa! 
freight handling to and from such small stations, and in addition 
present a means by which service to. and from such smal statio® 
from and to the large cities of the country may be put on a pat! 
with service from the larger ones where straight cars now are rub. 

As an illustration, on a railroad A, for instance, six relatively 
small towns, important commercially, have a limited volume 
freight for six large receiving centers in the West, but no om 
town has enough, daily or semi-weekly or tri-weekly, to load § 
straight car to such destinations. 

Under the box-car method of handling, such freight must load i 
a car to a transfer and then either load to another transfer or int 
a straight car. In any event there is delay and additional & 
pense, with possibilities of claims for loss and damage, etc. 

In the container method it is entirely feasible to have each “ 
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MATERIALS HANDLING 


these small towns either daily or on a certain number of days per 
week load a container car with six containers, each of the six 
containers for a different destination, but the destinations to be 
the same in the six cars, and then stop the cars at the first proper 
point and reassort the containers so that when the cars leave 
this first point there will be six containers in each car, but each 
car will have its six containers loaded for the same point. In 
other words, there will be a straight car for each of six points, 
and the cost of such rehandling is very small in comparison with 
the cost of ordinary transfer handling. Further, the load per car 
would be very much in excess of any load possible from the trans- 
fer, so that it may fairly be said that all expense incident to the 
container method is more than absorbed by the economies made 
possible. 


ConTAINERS FOR BULK FREIGHT 


The containers for handling bulk freight, such as brick, lime- 
stone, sand, and other bulk materials, present a somewhat differ- 
ent situation in that the handling costs involved in the ordinary 
transportation methods as against the handling costs involved 
in the container method must serve as a basis of comparison. 
The brick containers have dimensions approximately half those 
of the merchandise containers, and they have inside dimensions 
of width 4 ft. 1 in., height 7 ft. 4%/, in., length 6 ft. 11%/, in. and 
outside dimensions of width over guides 4 ft. 8*/, in., height over 
lifting brackets 8 ft. 4 in., approximately, length 7 ft. 2'/. in., and 
a capacity of 210 cu. ft., and an average light weight of 2,300 Ib. 

They were designed purposely of these dimensions to accom- 
modate 3000 ordinary Hudson River brick thrown in at random, 
as this number represented the ordinary truckload of brick. The 
containers are of substantial construction, with special devices 
for opening the bottom doors by dropping them and for closing 
them after the brick had come out, a rain- or snow-deflecting top, 
and with lifting eyes on the four corners. In addition, through 
special devices the containers can be opened or closed while sus- 
pended from the crane. It may be mentioned that this particular 
size is not in any way necessary as the size can be varied to suit 
particular conditions, but so far it has been shown to meet a 
variety of uses as will be outlined later. 

For many years the method of handling brick has been in water- 
borne barges, or in box cars, stacked, or in open tops, thrown in. 
The first method is possible only in the season of navigation and 
presents great expense in handling at the point of making the 
brick, because so many human handlings are involved, and there 
are similar expenses in unloading from the barge to the truck. 
The second method presents similar expense in human handling 
at both ends of the line, and the third perhaps more so owing to 
the hardship in unloading a gondola car by human hands. — In 
addition the breakage was large and the truck cost out of all 
proportion owing to the waiting time while the trucks were being 
loaded. 

Therefore a container which would allow the mechanical place- 
ment of the brick from the kiln into such a container on a count 
basis of 3000 brick, their transportation mechanically to the car 
if the container is not being loaded while on the car, and their 
‘ransportation in large volume to the point of destination to be 
unloaded in about one-tenth of the time necessary for a similar 
number of brick from the barge or the car, appeared to present 
42 opportunity not to be lightly disregarded. 

After much experimentation the L.C.L. bulk container was 
developed to hold 3000 brick each, with 12 units or 36,000 brick 
per car, which is a load of approximately 132,000 lb. per car. 
This is about double the largest car handled by the railroad, and 
tis possible to unload the whole car in actual practice in less than 
an hour as against at least two days by hand unloading for half 
the quantity or four days for a similar quantity. The rates 
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charged for transporting are substantially those charged for rail 
transportation on a similar basis. 

Data developed by the Brick Association independently of 
the railroad showed that there was a motor-truck efficiency in the 
handling at destination of at least two to one on a 3000-brick basis, 
and as trucks have been developed for handling 6000 brick the 
motor-truck efficiency will be nearer four to one, which means 
that on a basis of a truck costing $30 per day and with container- 
ear brick the truck could handle four times as many brick in a 
given length of time or do the work of four trucks. 

Incidentally while mention is made of unloading a brick con- 
tainer in less than five minutes in actual performance at a given 
installation where there are two gantry cranes and spanning 
tracks holding 23 container cars, 293 containers have been un- 
loaded in one day of eight working hours, or 18 containers for 
each crane per hour, an average of less than 3'/, min. per con- 
tainer. The speed was limited only by the ability of the trucks 
to get into position and into and out of the yard. 

On a large volume of this traffic this means double the load and 
at least double the efficiency in unloading time, or an efficiency 
of at least four to one for the brick container as against the or- 
dinary box car, but it further means that if such tonnage were 
transported in box cars there would be necessary four times the 
amount of track room for handling a given volume of tonnage; 
and as obviously at any center capable of receiving such traffic 
it would be impossible to produce at any cost four times the avail- 
able track room, it may fairly be said that new terminals are 
created without any material increase of capital expenditure for 
such terminals other than the cost of the cranes and of their 
operation. 

These of course are furnished in common practice for handling 
heavy freight, but even charging such cost of operation and such 
cost of installation against the undertaking on a basis of two- 
thirds daily use, the figures represent for all items of cost, in- 
stallation, operation, maintenance, and amortization on a 10- 
year basis, about 23 cents per container. 

Bear in mind also that to the railroad the ability to handle such 
large loads in one car instead of two cars represents a considerable 
economy both as to road-haul costs and terminal-switching 
costs at both ends, together with capital investment, economies 
as to cars, and maintenance on the cars, all of which would more 
than overcome any direct expense properly to be attributed to 
the container method of handling. 

The bulk container as applied to brick has been discussed in 
detail, but in actual practice it is also being applied to bulk lime, 
a leakproof bottom and a leakproof top being supplied. Whereas 
the bulk lime had formerly been transported in box cars on a 
basis of 40,000 lb. to a car, it is now being transported in contain- 
ers on container cars on the basis of 130,000 lb. pe: car at the same 
rates as charged per ton in the box car, or better than three to one 
in favor of the container car. 

From the standpoint of the consignee there is a saving of at least 
50 cents a ton in unloading costs and in trucking costs as well, and 
from the standpoint of the railroad there is a high revenue per 
car realized, together with the economies incident to the brick 
traffic already described. 

Refuse quarry stone is also being regularly transported in large 
quantities from a rail quarry to the lakes, the containers being 
taken out on barges and dumped into the crib for making a break- 
water. The success of this is so marked that the operations will 
be largely extended during the coming season. There are other 
types of containers for handling bulk sand, gravel, and in fact 
any rough articles, also for handling building tile, cement, hollow 
tile, interior finish, fireproofing, sewer pipe, etc., of which time 
and space will not permit detailed discussion. 

The container has been emphasized because such special em- 
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phasis seemed desirable. In the use of the containers overhead 
cranes have played a large part, but the use of overhead cranes is 
not limited to the container in any way, for in the experience of 
the particular railroad with which the author is connected they 
have been developed for handling in a large way boxed automo- 
biles at water terminals in New York (Weehawken) for gradually 
replacing the pillar or fixed crane. It is interesting to note that 
experience has shown that a relatively light-capacity crane will 
take care of a very large percentage of freight for which cranes 
must be used, and that in the few cases where very heavy pieces 
must be handled it is usually better practice to call out a loco- 
motive crane for short usage rather than tie up an investment 
in a high-capacity crane where it is not used except to a limited 
degree. This leads to the belief that 10-ton cranes and 20-ton 
cranes will perhaps, with some few exceptions, become standard 
for this use. 

The electric lift truck is also used with the container, but is also 
an increasingly important development apart from it. As ap- 
plied to the container the lift truck can pick up the container, take 
it from a truck into a warehouse, place it where desired, pick it 
up again and put it back on the truck, and either put it on the car 
or do so with the help of the crane. The future will prove the 
degree to which the two methods are best suited. My opinion 
leans to a preference for the crane lifting where a large number of 
units to be handled in the shortest possible time are involved, and 
for the lift truck where there are a few units and more time is 
available, but the two together present the perfected method of 
handling. Lift trucks are also used in shop work, in handling 
materials, in the stores department for similar work, in our bag- 
gage service, and in many minor useful operations. 


Moror Trucks 


The use of motor trucks might well deserve a paper by itself 
and can be outlined only very briefly. It has early been recog- 
nized that the motor truck in its development and possibilities 
presented the aspect not of a competitor but rather of something 
to be used by the railroad in its activities, and the difficulty has 
been to determine just wherein that use properly lay. There 
has been much talk and much written concerning motor-truck 
competition, but in a true sense this has been, I think, a most un- 
fortunate phrase, for rather the motor truck should be considered 
an ally of the railroads; and those developing the motor truck 
should be as truly anxious as those working for the best interests 
of the railroads to come to some mutual understanding as to the 
proper functions and uses of the two agencies. 

It may be said that each side has gone too far, and to a degree 
that is true, but as the years of usage develop experience and per- 
haps saner judgment. I think it will be readily agreed that the 
motor truck should not be used in long hauls over the road except 
in special cases, as this field lies properly within the sphere of 
railroad activity. On the other hand, for the relatively short 
hauls, for terminal work, for interchange involving hauls of not 
in excess of 35 miles, the motor truck should, and I think will, 
come into its proper sphere. 

Speaking with a somewhat intimate knowledge of the endeav- 
ors of one railroad in the use of motor trucks, I may say that it 
has increasingly made use of this agency during the past five 
years or more and that its use is an extension of what was form- 
erly done by horse-drawn trucks, starting with consolidation, as 
between freight stations in the larger centers, extending to cer- 
tain trucking in place of handling by water, then to trucking 
between stations and eliminating way-freight service or other 
train service, trucking for interchange between railroads at 
various terminals, trucking across country between parallel 
lines of the same railroads situated 8 or 10 miles apart, rather 
than hauling by rail around long distances to get to the other 


division, and in some cases in place of trap and ferry-car service. 
ete. 

The railroad, however, has not endeavored in any way to d 
more than use the trucking agency which presented itself on the 
basis of contracts with outside truckmen, and has not undertaken 
to operate trucks itself. By so doing it has perhaps stimulated 
publie good-will in the towns where such operations have been 
perfected rather than having incurred any public ill-will, and iy 
addition it has made use of going organizations and has ep- 
deavored to have a type of equipment used which would result 
in the lowest proper rates to be charged for the service rendered, 
In certain phases tractor and trailer equipment seems to be thy 
best, in others straight trucks, and in still others a combination 
of the two, but it is not felt that it is competent to pass upon 
these features or the features of the mechanical part other than ag 
it affects the service or the rates which it pays for such service. 

Motor trucking as used by the railroad started from nothing 
and developed in various phases without very many preconceived 
plans, and the effort of the railroad has been, as it assumed rela- 
tively large proportions in its trucking activities, to work to some 
common ground of understanding and to some general basis 
wherein trucking activities would be found to be justified or 
unjustified as compared with rail operation, and in doing this it 
has had to establish the factors favorable and unfavorable t 
trucking operation in a given sphere of activity. Its studies 
have so far progressed as to set down in a formula such factors 
weighing one against the other and then coming to a decision, s 
that each trucking activity conforms to a general plan whi 
perhaps presenting special features of its own. 

The efforts in trucking have been improved service, recogniz- 
ing the obligation to the public, actual monetary economics wher 
practical, better use of facilities, and the elimination of duplicat 
service, which makes for economy. Where all these factors and 
many minor ones could be combined the result is plain, but then 
are many trucking activities in which the results, while intangibi 
and difficult to set down in black and white, are nevertheless in- 
portant, all of which must be considered. 

Many of the other railroads are pursuing similar activities in 
trucking, and the experience of the large trucking manufacturers 
has been of great assistance in avoiding serious errors to us great 
a degree as is practicable. The future in trucking can best bi 
judged by the past. It is becoming stabilized and will be, in my 
opinion, largely increased in practical use by the railroads as 4 
whole. 

There are many other activities with the railroads in 
handling at terminals and along the way which contribute ' 
the general success of railroad operation and the satisfaction 0! 
service by the public, but I have endeavored to cover only som 
of the activities which it seems to us do contribute to improve- 
ment in service, in methods, and where possible the lowering 
of costs to the public, together with better returns for the rea: 


the 


owners of the railroads. 


Discussion 


F. J. Sueparp, Jr.? Our experience during several yeals 
shows large savings of time and money by handling materials 10 
larger units through labor-saving machines in connection with 
present railroad equipment. 

In 1926 we built for a paper manufacturer 1200 paper-clamping 
platforms of a returnable type. These are used in shippité 
coated stock from the mills at Lawrence, Mass., to the printer 4 
Washington. Each platform handles a 4600-lb. load of 40 X 6 
in. sheets, the equivalent of four cases as formerly packed. Lift 
Assoc-Mem. 


2 Chief Engineer, Lewis-Shepard Co., Boston, Mass. 


'A.S.M.E. 
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trucks place 12 to 14 platform loads in each box car, and they 
are removed in the same manner at destination. The empty 
platforms are returned to the mill in carload lots at a low freight 
cost. 

Briefly, the following results have been obtained: A saving of 
four packing cases at $2.50 per case for each platform load of 
paper; loading time cut to one-sixth as 12 platforms are placed 
in the car in 1'/,; hours with hand-lift trucks; unloading time 
decreased from 22 man-hours to 6 man-hours; the unpacking of 
cases eliminated as the paper is used directly from the platforms 
after removing the clamping tops; spoilage materially reduced, 
as when the paper was in cases, the five or six lower sheets were 
badly creased and could not be used. 

It is estimated that the $30,000 worth of platforms paid for 
themselves in the first nine months. The use of returnable plat- 
forms is advantageous where a mill is serving a large user with a 
standard-size sheet. A cheaper, non-returnable type is used in 
shipping to smaller users and jobbers, with a like saving in cost 
over boxing. 

In the handling of L.C.L. freight at the new Monon freight 
house at Indianapolis the use of hand-lift trucks and platforms 
cut the handling cost from 73 cents per ton to 48 cents. Approxi- 
mately 250 tons per day is handled through this house on 500 
platforms and 16 hand-lift trucks. 

Another advantage was in the orderliness of the freight house 
and the ease of dispatching goods to different cars. Incoming 
goods for various destinations are placed on separate platforms 
and are moved into the cars in loads of from 1500 to 3000 Ib. 
Shipments received as late as 4 o’clock in the afternoon are on 
their way by 5:30 p.m. 

The use of materials-handling machines in loading the present 
railroad equipment to capacity is also resulting in large sav- 
ings 

An automobile-body manufacturer in the East in shipping to 
Detroit was loading five bodies on a box-car floor. By using 
portable elevators in connection with a special lifting dolly and 
special decking frames the number of bodies per car was increased 
to 10, which halved the freight per body to destination. The 
saving amounted to about $4000 a day after allowing for extra 
labor and the cost of the special equipment used in double-deck- 
ing the bodies and return freight on decking frames. 


Cuartes H. Bicetow.* In handling the accessories for auto- 
mobiles we have gone into this matter of containers extensively. 
In one plant in shipping forgings we first tried loading them in 
the car, then later we used containers that could be handled by 
a lift truck. These containers could be built up in tiers by put- 
ting on extensions and bolting them down. We are now shipping 
the materials in these containers by loading them into the car 
with lift trucks, and then they are taken out at the other end and 
emptied, and the containers are brought back. In other cases 
We are shipping the parts packed in the car without containers or 
boxing, by crating right in the car. They are unloaded at the 
automobile factories and practically go right on to the conveying 
line. This handling with containers has made a big saving. We 
have tried different plans of making up crates for these acces- 
sories, but some of the crates are not so successful. The cor- 
rugated-iron box has worked out very well as a conveyor. 

In connection with lift trucks we use both electric and gasoline 
trucks. The electric lift trucks have advantages on a smooth 
floor, but if they get into snow in the yard there will be trouble. 
Gasoline lift trucks are now on the market that wil! work better on 
4 rough surface and will do harder work and stand more abuse. 


‘ ae Engineer, Spicer Mfg. Co., South Plainfield, N. J. Mem. 


MH-50-13 21 


Georce E. HaGEMANN.‘ A question came up about the cost 
of electric-truck operation and the chance for the public utility 
to sell power for charging the batteries to businesses using electric 
trucks. At the 1927 A.S.M.E. annual meeting in New York a 
paper® was presented giving in considerable detail the costs of 
operating electric trucks. This paper was by C. B. Crockett and 
H. J. Payne, who are connected with the Society for Electrical 
Development, Inc., an association which has contact with prac- 
tically all electric manufacturers in the country, and consequently 
has access to reliable data. 

The question of freight handling is not altogether a railroad 
proposition, but is taking on more distinctly a manufactur- 
ing aspect. In the old days the railroad was considered as 
an unfriendly outside organization, one which occasionally 
smashed things, delayed merchandise, and sent shipments to the 
wrong places. This has all been changed. The railroads are 
giving efficient service. They have cooperatively worked with 
manufacturers to the extent that now the railroad is, in effect, an 
adjunct of the manufacturing plant, a huge storeroom of incoming 
supplies that spreads all over the country and happens to be on 
wheels. As such, it fits into the comprehensive industrial plan 
of reducing handling costs. 

After all, when we talk about materials handling we should 
consider that as much of the handling part as possible should be 
lopped off. The whole object of the A.S.M.E. Materials Han- 
dling Division is not to develop ways and means of more handling, 
but of less handling; that is, when something gets on the move, 
keep it on the move, and do not handle it any more than is 
positively necessary. ‘Handling,” from its derivation, implies 
handwork somewhere down the line, and we want to get away 
from that as much as possible. 

We can profitably study what many outstanding manufactur- 
ing companies of this country are doing today to reduce manual 
labor in their plants and get rid of most of the transfer-and-stop 
procedure between processing operations. Instead of taking a 
part or material up at one place, moving it a few feet, and setting 
it down, then somebody else picking it up, doing something on it, 
moving it a few feet, and so on, and having, say, a hundred men 
on the payroll engaged in nothing but moving material around, 
plants have transferred these men to productive work and have 
installed equipment which will move the product automatically. 
Not only that, but often the equipment is of a type which permits 
the man to work on the material or part while it is moving. In 
some cases the man moves along with the work, such as for in- 
stance on foundry conveyors, where he steps on the conveyor and 
pours castings while the conveyor is on the move. 

These developments in keeping materials in motion have gone 
beyond the industrial plant and now extend to the shipping field. 
The railroad is today considered by many large corporations 
really as part of their storeroom facilities. A company ordering 
materials may place a commitment to cover a long period, but 
will specify when and how the shipments are to be made. In 
order not to have large shipments coming in all at one time, they 
may route the materials over as many as three or four different 
lines, to space their arrival over one or more days’ intervals. I 
believe the freight rate is about the same. The intervals of a day 
or more between the time of arrival of shipments at the plant are 
planned so that the bulk of the materials may be taken directly 
to the point of use in the factory. The Goodyear Tire and 
Rubber Company, the Nordyke-Marmon Company, the Ford 
Motor Company, and many other plants formerly carried large 


4 Managing Editor, Manufacturing Industries, New York, N. Y. 
Mem. A.S.M.E. 

5 See ‘Operating Costs of Electric Industrial Trucks and Tractors,” 
C. B. Crockett and H. J. Payne, Trans. vol. 50, no. 5, 1928, paper 
no. MH-50-3. 
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stocks in their storerooms. Now, instead of jamming the store- 
rooms with materials that would lie there a long time, then taking 
them out and sending them to the different manufacturing depart- 
ments, these companies schedule the arrival of materials so that 
they can be taken directly to the point where manufacturing 
starts, thus eliminating one handling. Within a few days these ma- 
terials are probably out of the plant in the form of finished products. 

Materials handling must be looked on as a part of the flow- 
of-work program. Walter R. Clark, works manager of the 
Bridgeport Brass Company, says he thinks the time has come to 
take materials handling out of the overhead column in factory 
accounts and put it in the production column, because where a 
man is moving material from one place to another, or where equip- 
ment is moving it, while no actual processing operation may be 
done, nevertheless one cannot separate the transfer of the material 
from the work of production. The men who are moving the ma- 
terial, or the equipment which is moving it, are vital adjuncts to 
production line. 

How does this bigger conception of material handling affect 
the railroads? They are asked to transport material which a 
manufacturer receives from his supplier and which is considered 
practically in the plant when it is started from the shipper. 
Hence efficient service from the railroads enables the manufac- 
turer to cut his inventories. It is claimed by the Ford Company, 
for instance, that they have just about a week’s supply of material 
on hand. If the railroads delay shipments, however, such com- 
panies are “out of luck.”” Many companies are adopting this 
same plan, considering that when material leaves the shipper’s 
plant it is practically within the control of the receiver, the rail- 
road acting as an outside agent for the receiver. This plan 
makes the railroad, in effect, a moving storehouse and a part of 
the flow-of-work line in the manufacturing plant. That is why 
it is so important to have the railroads cooperate with manu- 
facturing plants so that there is no tie-up of materials in transit. 

When we tie this program in with motor-truck delivery of 
freight where plants have no railroad sidings, we have a chance to 
introduce further improvements. Instead of having material 
land at the railroad yard and sending a truck for it during the 
day, with all the delays incident to street traffic, if the motor 
truck, run either by the railroad or by some private agency, 
could get that material at midnight and leave it at the door of 
the plant in care of the watchman or a night crew, a most per- 
plexing street-traffic problem would be solved. The plan would 
also help solve an important shipping problem. 

In other words, we are getting down to the plan of having a 
thin but continual flow of materials through manufacturing opera- 
tions at all times, and the railroad is almost as much a part of this 
program in the manufacturing plant today as the materials- 
handling service within the plant itself. The motor truck is 
likewise a part of the program, bringing in materials to keep the 
production lines fed in plants without railroad sidings. We all 
know what happens to schedules in any plant if the production 
line stops even for a few minutes. 

Hence we must look at materials handling as a cycle extending 
from the time the shipper puts goods on railroad cars, or is ready 
to put them on, until that material arrives at the plant of the re- 
ceiver, is put through his processes, and is ready to go to the 
consumer. It is therefore vitally important for the manufactur- 
ing plants and the railroads to get together and work out a 
comprehensive program of rapid, uninterrupted transportation 
service, because such a plan means lower costs, better production, 
and more successful meeting of domestic and foreign competition. 


A. L. Srruven.* We are interested in shipping via rail and 


* Chief Engineer, Terminals & Transportation Corp., Detroit, 
Mich. 


lake, and we are working on the design of steamships to handle 
unit containers. We expect to handle take-off cars at our ter- 
minals at the Great Lakes and place in ship without any stevedor- 
ing cost; and I hope within another year we shall have some of 
these ships on the lakes. 


AvuTHOR’s CLOSURE 


Answering the inquiry of M. D. Lees,’ the unloading of con- 
tainers can be done in either of two ways. At present it is by 
lift cranes. The Eastman Kodak Co. at Rochester is perhaps one 
of the largest users of containers. They are taken to the place 
of business on a truck and either left on the truck while being 
loaded or taken off as desired. The Eastman Kodak Co. has a 
contract with a truckman who takes the containers to a crane at 
the railroad, where the lifting from the truck to the cars is done at 
no expense to the shipper. When the car gets to the other end of 
the line, the containers are lifted by a railroad crane and placed 
on a truck and taken either to a steamship line or to the place 
where the local delivery is to be made. 

Another method by which a new form of car, still in the experi- 
mental stage, will be used, will make it possible to take the con- 
tainers off the car without a crane but by a lift truck. Up to the 
present most of the loading and unloading has been to and from 
the truck, as the usual place of business, such as an office building 
or loft, is not adapted to receiving such a large container. At 
a factory having a platform the container is unloaded on to the 
platform. 

Charles Schroeder’ has asked how the containers would be re- 
moved from this freight car—by a lift truck, or by the truck run- 
ning on the deck of a freight car. The lift truck is run under 
the container while on the car. Elevating the lift truck raises 
the container, which is then backed off the platform and put 
on to a specially devised truck. It is taken to the place of busi- 
ness on the truck and removed from it by means of another lift 
truck. The sunken rail is not used because the container is on 
feet. 

In answer to a question as to the method of holding containers 
on the trucks, there are several methods. In trucking containers 
around New York City streets, they are sometimes held by cables 
which hook into eyes on the side of the containers. There is also 
a truck which has a hook on the side of the platform to engage the 
bottom of the container. A third plan is to have no fastening at 
all, and in places other than New York the containers are never 
fastened. The weight of the container load, between 5 and 6 
tons, is sufficient to hold it on. An assembly of a tractor and 
trailer, the latter with a body holding three containers, has also 
been devised. 

Answering James A. Jackson® as to the saving in cost effected 
by containers and other types of handling equipment, figures are 
available which give the experience of the shipper and the rail: 
road. 

8. J. Kirsch” inquires about the materials used for containers. 
The International Motor Company is using a container made of 
a light metal, but this is only for handling materials between 
the plant in Plainfield and another plant in New Brunswick. 
It is a lift-truck body which can be pushed off the chassis at the 
terminals. It is not used at all in railroad practice, nor can it be. 
Incidentally it is an adaptation of the so-called L.C.L. container 
mentioned in the paper for use on a truck. 


7 Eastman Kodak Co., Rochester, N. Y. 

8 Yale & Towne Mfg. Co., Stamford, Conn. 

® Application Engineer on Elevators and Materials Handling 
Equipment, General Electric Co., Schenectady, N. Y. Asso 
Mem. A.S.M.E. 

10 Production Engineer, Armstrong Cork Co., Camden, N. J. 
Jun. A.S.M.E. 
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A container made of duralumin could not be used profitably in 
railroad service owing to the expense and to the doubt as to its 
durability. One is being tested in service, but it is not stiff 
enough to support the weight. There is also one of aluminum, 
but so far the experience of seven years points to a steel container 
with a special laminated-wood floor. 

C. L. Freeman" asks if electric lift trucks could be used in 
place of hand lift trucks. With containers it is planned to use 
electric lift trucks exclusively. Hand lift trucks will not do. 

Answering George W. Kelsey? in reference to ownership, all 
the containers are owned by the railroad companies. The ship- 
pers own no part of them. In other words, a low-side gondola 
car with a battery of six merchandise containers or twelve bulk 
containers is considered a piece of railroad equipment. There is 
no expense to the shipper for the use of the containers. 

In reply to Monberg Nelsen,'* the method of loading and un- 
loading containers on or off a car is by a lift crane, where the 
volume is such as to make it more economical, or, as is‘now being 
worked out, by the use of an electric lift truck. In handling 
brick, the unit cost of crane operation with two cranes handling 
over 290 containers a day, including the cost of the two cranes 
and the track work, with amortization on a ten-year basis, and 
a crane operator, is about 19 cents per container. Amortization 
on a ten-year basis is probably much too low as the cranes will 
last much longer, and it is believed that the containers will also. 
No experience with the containers is available as a guide because 
they have been in use only six or seven years. The original 
containers, with one exception, are all in service, so that it is 
reasonably certain that their life will be ten years at least. 

Cartons are packed into containers just as any package would 
be packed in a freight car, but with the exception that it is not 
necessary to use the kind of package required in a freight car. 
For instance, for a manufacturer in Rochester who makes carbon 
paper, a shipment of 8000 lb. of carbon paper, when put in shape 
to ship in a box car, makes 9200 Ib. of freight, the added 1200 
lb. being the boxes. The boxes cost $1.50 apiece, and there are 
eight of them. This manufacturer now packs the carbon paper 

in brown paper and saves the cost of the boxes and also saves 
the freight on the boxes. 


" Industrial Power Representative, Consolidated Gas, Elec. 
Light & Power Co., Baltimore, Md. Jun. A.S.M.E. 

2 Assistant Professor, Industrial Extension Division, Rutgers 
University, New Brunswick, N. J. Jun. A.S.M.E. 

"Chief Engineer, Mathews Conveyor Co., Ellwood City, Pa. 
Mem. A.S.M.E. 
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The brick containers, or any bulk containers, such as those for 
crushed stone, sand, or any material that can be emptied through 
the bottom of the container, obviously would not have feet, as 
it is necessary for a crane to lift them in order to open and close 
the unloading device. The merchandise containers have feet 
and can be used either with a lift truck or a crane, whichever is 
more desirable. 

John A. Grove" asks if it is possible to make a container for 
sand so tight that it will handle clay or any very fine material. 
Bulk lime, which is probably as fine a material as any, is now being 
handled. It goes almost to a fine dust and is handled with an 
absolutely watertight bottom and top, so that there is no sifting 
at all. Although clay is at present put in bags to keep it from 
sifting out, an experimental container is under way. Fine sand 
is shipped in it. The lime container will handle clay because it is 
absolutely watertight. As to the use of containers now being 
sufficiently general to specify receipts of clay by means of con- 
tainers, this depends upon the location of the plant and the ship- 
ping point. Mr. Grove is shipping from Georgia, and there are 
no containers in Georgia at present. There is no reason why 
these containers should not be used in Georgia. A manufacturer 
inquired recently about shipping gum, pitch, or tar in Georgia. 
We have devised an absolutely leakproof container in which he 
is going to ship this semi-fluid product, and in which he will reship 
it after refining. 

It was brought out in the discussion that Montgomery Ward & 
Co. put their L.C.L. freight in cars for different transfer points, 
loading about six cars a day. It has been asked if it is possible 
for them to separate the contents of a car into different containers 
for the different railroads. Ultimately it is expected that this 
will be done. It is expected that companies making large ship- 
ments can load a container, making it a unit, and on one car put 
containers for six different destinations. These are to be taken 
to a transfer point for containers, and there transferred. Instead 
of subjecting the railroads to an L.C.L. expense of 62 cents a ton 
average, there would be a cost of 4 cents a ton for transferring 
the containers. In other words, the railroads will save the differ- 
ence, and the shipper will get the benefit of a straight shipment in 
a container as in straight cars, and the use of less expensive pack- 
ages than are required today for protection under the official 
classification requirements of container shipping. The container 
method of shipping is doing away with official classification re- 
quirements of every nature and description. 


4 Atlantic Refining Co., Philadelphia, Pa. Jun. A.S.M.E. 
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Progress in Machine-Shop Practice 


Contributed by the Machine-Shop Practice Division 


Executive Committee: L. C. Morrow, Chairman, Carlos de Zafra, Secretary, W. F. Dixon, 
J. H. Connolly, J. W. Hook, and W. W. Tangeman 


and equipment in any industry. It is equally true that 

pronounced advancement in production methods and 
equipment design affects economic trend. It is difficult to 
separate the two—to say where one leaves off and the other be- 
gins. Consider that important influence upon machine-shop 
practice during the past eighteen months—the almost universal 
recognition that successful competition depends quite as much 
upon the use of modern equipment as upon good management. 
Whether such recognition has done more to -stimulate design 
than the new products of an inspired industry have done to obtain 
the recognition is a moot question, and for that matter is rela- 
tively unimportant. It is enough that the recognition does exist 
and that the metal-working industries have the advantage of 
lower production costs for the user, and increased equipment 
markets for the builder, of modern machine-shop equipment. 
It is significant that sales have been few among those equipment 
builders who have not modernized their product from the de- 
sign point of view. 


JH) 204 cai factors call forth the development of methods 


Economic Facrors INFLUENCING THE Merat-Workina In- 
DUSTRIES 


Similarly, there is a cooperative effect of the requirements of 
the equipment user and the inventive ability of the equipment 
builder that is revealed in more productive machines and tools 
with consequent mutual benefit in a business way. This con- 
dition is especially marked in connection with the automotive 
industry, wherein the search for ever lower production costs 
is a result of keen competition and the necessity for extremely 
large markets. It is not confined to the automobile builder, 
however, but extends firmly into any metal-working plant de- 
voted to products made on mass production, and to a lesser 
extent into even the small-quantity, jobbing, and repair shops. 

Because of the large markets required for our metal products 
it is advantageous that Europe is progressing toward economic 
stability. There have been worth-while improvements in busi- 
ness from England and Germany, and considerable improvement 
from France. Czechoslovakia remains a very good market, 
considering its size. South American consumption has increased. 
These statements apply to metal-working equipment and to 
automobiles. 

Foreign markets are worth emphasis at this time because of 
the recession in the machine-shop-equipment business domesti- 
cally during 1927—a recession not serious, but noticeable, and 
one that served to emphasize the over-capacity of the equipment 
shops, which has resulted in the extension of the lines of individ- 
ual builders, thus multiplying the points of competition. To 
offset such expansion there have been few consolidations. 

Other general factors affecting the metal-working industries 
are hand-to-mouth buying, increased commissions to dealers in 
some divisions of the industry, the requirement for sales engineers 
who are skilled in processing, the necessity for more accurate 
cost-accounting methods, and progress in standardization. 

Hand-to-mouth buying has reduced inventories in some quar- 
ters and increased them in others. It has benefited the equip- 
ment builder in that respect, but has, at the same time, placed 
the premium of getting the business upon the ability to make 


prompt delivery. Thus the manufacturer with few lines and 
still fewer variations has had an advantage. 

Increased commissions to dealers have raised the cost of sales, 
but have also spurred the dealers to increased efforts. Moreover, 
since not all of the increased cost could be passed to the con- 
sumer, on account of keen competition, the equipment builder 
has found it to his advantage to look to his own production 
methods and shop equipment. 

The demand for sales engineers who are skilled in processing 
is a natural outcome of the search for better methods compelled 
upon the part of the user by competition. 

More accurate cost-accounting methods must necessarily 
accompany campaigns directed at the lowering of costs. De- 
spite the fact that in principle, modern equipment has decided 
advantages over equipment several years old, there are cost- 
accounting problems that must be solved to the satisfaction of the 
guardian of the purse strings. For example, how much shall be 
allowed for depreciation and how much for replacement in view 
of the evident shorter economic life and increase in cost of 
equipment of advanced design, greater productive capacity, and 
better quality? This matter of cost accounting has assumed such 
large proportions that equipment builders are actually under- 
taking to educate equipment users in its fundamentals. 

Standardization, not alone in metal products but in entirely 
disconnected lines, has influenced machine-shop practice. We 
are in an era of standardization and simplification that is re- 
flected in all products. It is bound to have—and has had— 
an appreciable influence upon methods and equipment. The 
progress in the field dominated by the machine shop has had some 
notable examples of successful standardization. Akin to this 
movement and to the process of simplification is the elimination 
of waste, the outstanding results of which are already known, 
but which is being carried further by reductions in the cost of 
product by the substitution of pressed-metal and welded parts 
for those formerly made by more expensive methods. 


PROGRESS AS INDICATED BY CHANGES IN MACHINE TOOLS 


Most of the progress in machine-shop practice is indicated by 
the changes in machine tools. The first machine-tool exposition 
under the National Machine Tool Builders’ Association, held 
in Cleveland in September, was therefore an index of such 
progress. The exposition was important also as further es- 
tablishing a delayed buying period that had already become 
noticeable as a result of the expositions of the American Society 
for Steel Treating. The exposition of this year was the largest 
collection of machine tools featuring new design—and under 
power—ever displayed. Its influence upon the designing en- 
gineers-of the builders and the production engineers of the users 
was most pronounced. It was a mart as well as a display. It 
thoroughly impressed the users of machine tools as to the extent 
and the solidarity of the machine-tool industry, and doubtless 
served to convince the machine-tool builder anew of the impor- 
tance of his industry to civilization. 

Progress in machine-shop practice, aside from the general- 
ities just dealt with, can be shown best by a consideration of the 
details of changes in design of machine tools. 

The demand of the machine user for greater strength, greater 
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rigidity, and constantly higher speeds of production has been 
met by the builder with increase in weight, strengthening of 
critical sections, and a substitution of sturdier materials, es- 
pecially in the more universal use of heat-treated alloy steels. 
Though the removal of great volume of metal is not of necessity 
a part of modern high-production methods, the ability of a ma- 
chine to do so is, in a measure, a test of its capacity to withstand 
the shocks of high-pressure work without lowering its standard of 
accuracy and precision. 

Anti-friction bearings have been incorporated extensively into 
the design of machine tools on rotating shafts, and in some cases 
on spindles, particularly on the spindles of drilling and grinding 
machines. Even on milling machines their use is quite common. 
At least one lathe builder uses them regularly on the spindle, 
and another supplies them as optional equipment. No standard 
practice in the application of anti-friction bearings has appeared. 
Some builders use only ball bearings, others only roller bearings, 
still others use both. On many machines the plain bearing has 
practically disappeared. 


MacuineE Drives 


It is becoming more common practice to connect the rotor 
shaft of the electric motor direct to the first driving shaft of the 
machine through some form of compensating coupling. In 
many of the machines having movements of adjustment in 
several directions a corresponding number of motors is used, 
each motor driving the particular unit upon which it is mounted 
without reference to or connection with the other parts of the 
machine. 

The unit-drive method has led to the wider control of power 
traverse and power setting by push button, a control that has 
been developed to a point of great precision. Electric clamping, 
controlled by push button, also has been adopted when prac- 
ticable, particularly for clamping the columns of radial drills. 

In spite of the growth of the method of driving through direct 
connection of motor to driving shaft, the method of transmitting 
power by means of a short belt or some form of silent chain re- 
mains the most popular. It permits considerable latitude in the 
matter of speed ratios, works well upon even very short center 
distances, and operates without noise. A check-up of half of 
the machines at the machine-tool exposition showed that approx- 
imately 57 per cent were so driven. Another drive suitable for 
short center distances, and finding favor, is the multiple V-belt 
type. There are now several applications, and the indications 
are that its use will increase. 

While the automobile-type disk friction clutch is more generally 
used, there exists a difference of opinion, some designers tending 
toward the positive clutch. 

One of the greatest advances made has been in positive lu- 
brication. In many machines all important bearings are oiled 
from a central reservoir by means of force-feed pumps. Both 
the circulating system, in which a continuous flow of oil to the 
bearing and back through a filter to the reservoir, and the in- 
termittent system that supplies a drop of oil to each bearing at 
stated and easily regulated intervals, are used. Flood lubri- 
cation is rather generally applied to gear boxes. Pressure-gun 
greasing is used on many tools for isolated rubbing points. Full 
force-feed oiling of a whole machine has been accomplished; 
either a circulating or a ‘‘one shot”’ system is used for the purpose. 
An oil purifier, of the type used on automobiles, has been applied 
to at least one make of machine. 

The hydraulic medium for transmitting power has been adopted 
to a surprising extent. It has been applied to the auxiliary 
feed and traverse movements, where it is of especial value because 
of its flexibility, easy control, and low liability to derangement 
and breakage. Particularly rapid strides have been made in 
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.in common use, the cylinder-and-piston type is the more fre- 


applying this type of feed to drilling machines, grinders, and 
broaching machines, although other types, including milling 
machines, have been so equipped. Of the two hydraulic drives 


quently applied, although in some of the larger machines, having 
long traverse movements, a hydraulic motor is connected directly 
to a pinion in mesh with a rack on the moving part. In this way 
there are no limiting factors in respect to length of movement 
inherent in the drive. 


DEVELOPMENTS IN DESIGN 


Other developments that apply to the machines of individual 
type, or to the machines of individual builders, can be described 
sufficiently by name only: 

The actual and contemplated adoption of hardened steel ways. 

The increased use of interlocking devices on control mechanisms. 

The increased use of safety devices, shear pins, slip frictions 
and similar devices. 

Changes in planer control to secure more rapid acceleration 

Dynamic braking on voltage control. 

Further trend toward automaticity. 

Use of progressive assembly in building large machine tools 

Increased use of ground taps and very accurately finished 
chasers. 

Contour planing and turning, using thin sheet templets, and 
with automatic electric control of the tool. 

Cold-rolling of thin sheets and strips, by means of rolls of smal! 
diameter, without annealing. 


DEVELOPMENT OF MACHINE TOOLS FOR USE IN THE AUTOMOTIVE 
INDUSTRY 


Development of machine tools used particularly in the auto- 
motive industry deserves special mention, because of the in- 
fluence of the industry upon machine-tool design in general 
and because the automobile industry furnishes the greatest 
single market for machine tools. The developments have not 
been startling, in the way of new processes of a revolutionary 
nature, but changes have been constant, all tending in the 
direction of increased production and improved quality. 

In machines such as the knee-type miller, there has been adap- 
tation of the standard machine to special uses by means of ad- 
ditional spindles at whatever angle or in whatever position fitted 
the particular job in hand. In a somewhat similar way the 
special drilling head, with its spindles built to handle a particular 
job, and that job only, is being used in place of large multiple 
spindle machines in which the spindles have to be adjusted for 
each set-up. 

For certain types of drilling there has been considerable de 
velopment along the line of three- and four-way drilling machines 
with enough spindles to drill all the holes in a transmission case 
or similar unit. 

Turret lathes, both hand-operated and semi-automatic, af 
being more widely used. They have been improved by being 
provided with more substantial spindles and bearings, more cor 
venient controls, and better lubrication. 

The use of the grinding method of machining continues t 
increase, being particularly noticeable in connection with fist 
work and in honing. There is a noticeable tendency toward the 
adoption of the rigidly mounted hone, with the object of correct 
ing out-of-roundness and taper. The latest types of machines 
on which the rigid honing heads are used provide automatit 
collapse and expansion of the heads. Originally designed for 
and used in the finishing of cylinder bores, the rigid-hone hesd 
is now being applied to the finishing of smaller holes, one example 
being piston-pin holes less than one inch in diameter. 

A late addition to the line of crankshaft machinery is a lathe 
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MACHINE-SHOP PRACTICE 


in which the shaft can be driven from the center while both ends 
are turned. A bearing is used between each two throws of the 
crankshaft. 


ADVANCES IN GRINDING PRACTICE 


Outside the automotive field, as well as within, the grinding 
process has been making great headway. New abrasives and 
new types of wheels have done much in the way of production. 
New bonds have permitted greatly increased speeds. Grinding 
of machine ways is an accomplished fact. Spindles are being 
subjected to an extra-fine grinding operation that gives a surface 
comparable to the best in automotive practice; considerably 
longer life is expected to result. Semi-automatic and full- 
automatic machines that put the work in place, perform the op- 
eration, and pass the finished piece on to the next machine are 
coming into the grinding field. In line with the general trend, 
more attention has been given to securing accuracy with a mini- 
mum of the operator’s attention, even within remarkably close 
tolerances. Centerless grinding has made great strides, both in 
machine design and from the point of view of increased knowl- 
edge of the possibilities by the method. Semi-automatic, 
multiple-spindle, cylinder grinding has been developed. _Worm- 
grinding machines have been introduced. Segmental grinding- 
wheel chucks have been placed on the market. 


PROCESSES AND MACHINES OF THE YEAR 


Certain processes and certain types of machines have come to 
the front during the past year. 

Are welding has been developed to the point where it is making 
possible the use of structural shapes and slab steel instead of cast 
iron and steel for motor and generator parts, for machine bases 
and for other products. Hydrogen-arc welding has been intro- 
duced as a practical process, and the shop equipment for its use 
has been developed. Welding machines as a whole have been 
developed, so that the process is much less dependent than for- 
merly upon human skill, thus placing the process within the 
positive group, adaptable to production. 

Jig-boring machines have been much improved during the 
year. The advances in design have been very favorably re- 
ceived and, in spite of prices relatively high in comparison with 
those of other kinds of equipment, have found a ready market. 
Their advent has placed many older and less accurate machines 
in the obsolete class. 

A new method of dimensioning chamber sizes in rifle barrels 
and a standard method of making and checking chamber and 
barrel gages within 1/200 of 0.001 in. have been discovered. By 
the use of this method duplicate chamber plugs may be made by 
several gage makers, without variation among the gages of more 
than 1/4 of 0.0001 in. in diameter and with a variation of 0 in 
length.! It is obvious that these methods may be applied to 
gages for other classes of work, and may be instrumental in 
obtaining the extreme accuracy toward which the machinery 
industries are tending. 

The casting of locomotive frames with cylinders integral by a 
middle-western manufacturer has given rise to a need for large 
machine tools to finish these castings. To perform the necessary 
machining there has been built a large milling machine to perform 
in one setting the operations that formerly required a large 
planer, a large slotter, and a cross-cutting planer. The redesign 
has effected a material saving in cost. 

Equipment for producing accurate gears has progressed in 
design. The process of burnishing after cutting, and sometimes 
after hardening, is prominent. Additional equipment for in- 


‘A demonstration of this method was made by E. Pugsley at Frank- 


ford Arsenal and in New York City before the Technical Committee 
of the S.A.A.M.I. 
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specting gears also has been made available. One manufacturer 
has devised a machine for inspecting a gear and at the same time 
making a record of any inaccuracies, which can be analyzed to 
determine the characteristics of the gear. 

Finishing of machine tools, other machines, and miscellaneous 
metal products is undergoing development. Finishing of ma- 
chines by the spray method, usually involving the use of lacquers, 
has been adopted by several manufacturers. To some extent 
conveying equipment has entered into this process. The anodic 
oxidation of duralumin is one of the new finishes used on products. 

The processes involved in heat treating have received marked 
attention during the year. Certain nomenclature has been 
adopted as standard. Time and temperature control has been 
made more exact. Steels and their treatments have been im- 
proved. Among the hardness-testing instruments introduced is 
one that measures the load required to cause a diamond ball to be 
impressed a given and constant distance into the material being 
tested, with provision for correction for errors due to contraction 
of the parts in the machine and the diamond when under strain. 

Among the individual machines introduced during the year 
that point the way to what may be expected, are: 

An “offset”? milling machine, making use of a circular table 
on which the parts being milled surround a cutter of large di- 
ameter, the centers of the cutter spindle and the table spindle 
being eccentric. The object of this design is to engage a large 
proportion of the cutter with the work. 

A push-broaching machine for broaching flat surfaces usually 
milled. 

A turret lathe that has an ingenious hydraulic chuck-operating 
device actuated by the coolant pump, and using the coolant as 
the liquid medium. 

An automatic vertical turret lathe. 


STANDARDIZATION —RESEARCH 


Standardization, though influential, did not progress as rapidly 
as it should have during the past year in the machinery indus- 
tries. The outstanding accomplishment was the standardization 
of spindle noses and arbors of milling machines. Aside from its 
value as providing standards, it demonstrated what can be done 
in standardization work by an industry or group. 

T-slot standards, adopted during the year, were heartily 
welcomed. Their full effect will not be felt for some time. 

Other standards have been adopted, and progress has been 
made toward the determination of still others. Announcements 
from the committees and societies concerned, and by the tech- 
nical press, have kept those interested informed. 

Partial standardization of the principal dimensions of a.c. 
and d.c. motors has been accomplished in foreign countries. To 
some extent individual domestic manufacturers have progressed 
along the same line, making certain dimensions constant for 
a.c. and d.c. motors, but as a group the motor manufacturers 
have done little. 

Of research work within the industry, there has not been a 
great deal. Progress reports issued from time to time have 
given information concerning the work on gears being conducted 
at Massachusetts Institute of Technology under the auspices of 
the American Gear Manufacturers’ Association and The Ameri- 
can Society of Mechanical Engineers. Studies have been in 
progress concerning oils and cutting tools. Study of dynamic 
and static balance has resulted in widening the field for balancing 
equipment beyond the balancing of automobile cranks and fly- 
wheels to the rotating parts of all kinds of machinery. 

The activities of the Special A.S.M.E. Research Committee 
on Mechanical Springs during the year covered the organization 
of a financial cooperative group, the preparation of the bibli- 
ography for publication, and the layout of experimental work 
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for the year 1927-1928. The personnel of the financial group 
numbers forty-five, twelve of whom are spring manufacturers 
and the remainder spring users. Each of these firms contributed 
an average of about $150 to the research fund. The committee 
is now starting the experimental phase of its program, several 
candidates for the position of Research Fellow, who will conduct 
the tests, having been interviewed. Copies of the bibliography 
will soon be available. 

It is hoped that more will be accomplished by research during 
1928. A committee for the purpose of instigating projects for 
research has been formed by the Machine Shop Practice Division. 
Machinery has been provided for getting the work under way 
after the committee has made its recommendations as to the 
work to be done, the laboratories available, and the personnel 
desired. It is expected that the value of the results to be ob- 
tained will then be so evident as to greatly assist in the collec- 
tion of funds. 


THE OUTLOOK FoR 1928 


No one can predict with certainty what will be done during 
1928. We may expect, however, to see progress along several 
lines, among them: 

Still further use of hydraulic feeds and drives, anti-friction 
bearings, heat-treated alloy steels, pressed-steel and welded 
parts, automatic lubrication, safety devices, and automatic 
operation. 

Development and adoption of more standards—for example, 
standards for nomenclature, initial machine speeds, motor speeds, 
electric-motor mounting dimensions, machine-tool capacity and 
performance, belt pull, and so on. 

It is likely that foreman training, already well to the front, 
will be a subject of both experiment and progress during the 
coming year. It is gratifying that the foremen themselves are 


realizing the importance of their positions and are making per- 
sistent efforts to better fit themselves for their work. 


There is still a feeling on the part of some members of the 
industry that skilled mechanics are no longer being made in 
quantities sufficient for the good of the industry. Other mem- 
bers feel that the supply is keeping pace with economic law—that 
the transfer of skill from man to machine has made relatively few 
mechanics necessary. No matter which viewpoint may prove 
to be the better, it is essential that the industry train boys for 
shop positions. From the ranks of these boys there will always 
emerge a number of skilled mechanics, who can be at least 
nucleus on which to build in case of emergency. Others of the 
boys will become foremen. All of which indicates that attention 
should be given to apprentice training. There should be devised 
a system that will cause each manufacturer to contribute his 
share of skilled workmen and foremen to the industry. 

There are predictions that at some time in the future we may 
expect radical improvement in cutting tools, an improvement 
which will cause the new tools to be so much more productive than 
those of today that the increased production will be comparable 
to that resulting from the introduction of high-speed steel. 
Whether such improvement will appear during the next year 
or within the next few years, is conjectural. The advent of s 
material, or a process, that would have such an effect would 
revolutionize machine-shop practice. 

The activities of the Executive Committee of the Machine 
Shop Practice Division for the year consisted of the holding of 
sessions at the Spring Meeting and Annual Meeting; holding 
a joint meeting with the Metropolitan Section, at Newark; 
holding a National Meeting at New Haven in connection with 
the annual machine-tool exposition; the formation of a survey 
committee to instigate projects for research; and the preparation 
of this progress report. It is hoped that the service rendered to 
the machinery industries by these activities has been com- 
mensurate with the effort expended by the speakers and the 
Executive Committee. 

L. C. Morrow, Chairman. 
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The Development of Machine Tools from a 
User’s Viewpoint 


By F. ¢ 


The author bases his paper on the experiences and practices of 
the Hawthorne Works of the Western Electric Company, whose 
development organization is charged with the selection of machine 
tools. This organization has adopted five standards which affect the 
design of machine tools: namely, minimum floor-space requirement; 
elimination of accident hazards by properly designed guards; reduction 
of physical effort by convenient operating arrangements; cleanliness; 
and appearance. The effect of these standards on labor is next 
brought out and is followed by a review of the motor-drive program 
which has eliminated all but individually motorized machines with 
motors generally located in the machine base. Examples of 
several individually motor-driven machines are given. There then 
follows an account with some details of construction of the develop- 
ment of better and safer punch presses, and machines for drilling 
small holes in thin metal. The paper ends with a discussion of 
the possibilities of the hydraulic drive and the importance of giving 
special attention in the design of all new machine tools to the matter 
of safety, maintenance, and facility of operation. 


ITHIN recent years the development of machine tools 

has progressed with great rapidity, and this has been 

particularly true of developments tending to increase 
the suitability of standard machine tools for manufacturing 
purposes. Much of this progress has resulted directly from the 
economic necessities of the machine-tool user. It is the purpose 
of this paper to consider the question of machine-tool develop- 
ment as it has been influenced by the user’s demands, and es- 
pecially in the light of the experiences of the Western Electric 
Company. 


The term “machine tool,” which was formerly employed to 
designate only such machines as were used in the tool room and 
machine shop, is now interpreted more broadly to include many 
machines which are built solely for production purposes. It 


is With machine tools of the latter class, such as screw machines, 
milling machines, drill presses, and punch presses, and _par- 
ticularly with their development, that the user is mostly con- 
cerned, 

If we look backward and consider the machine-tool equip- 
ment available from ten to twenty years ago, we shall find that 
the manufacturing requirements of that period were met, not 
so much by improvements in the design of the machine tools 
themselves, as by the use of clever tooling, ingenious handling 
methods, and special-purpose machines designed by users to 
meet their particular needs. Very few machine tools designed 
‘or performing specific kinds of operations were available. 
In fact, for several years prior to the last decade the machine-tool 
industry seemed to be inclined to perpetuate the designs it had 
been building for years, and to make only minor changes in 
details from time to time. Furthermore, machines were neither 
designed nor built for high-production service, and consequently 
when so used were short-lived and costly to maintain. One 
reason for this may be found in the fact that the machine-tool 
builder has never been faced with requirements large enough 


El 3 Assistant Superintendent, Manufacturing Development, Western 
ectric Co., Hawthorne Station, Chicago. Mem. A.S.M.E. 

_ Contributed by the Machine Shop Practice Division and pre- 
sented at the Annual Meeting, New York, N. Y., Dec. 5 to 8, 1927, of 
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to warrant quantity-production methods, and there has, there- 
fore, been little incentive for him to speed up machinery or to 
build machines capable of high speeds. 

During the last ten years, however, many improvements have 
been incorporated in machine tools of practically all types. 
In some instances radical changes have been made, but many 
of the improvements have been simply adaptations of features 
already ‘proven in’ by years of service in other types of equip- 
ment. For example, it is not unusual today to see featured in 
machine-tool advertisements such statements as “‘roller bearings,”’ 
“ball bearings,” ‘‘wick oiling,” 
draulic control,” and ‘built-in motor drive,” 


“continuous pressure oiling,” “‘hy- 
although only a 
few vears ago these entirely practical features, which mean so 
much in the matter of obtaining continuous high-speed production, 
were conspicuously absent. 

Many new types of production machinery have been origi- 
nated within the last decade, and the demand for these indicates 
clearly the opportunity for the development of equipment more 
adaptable for certain kinds of machining operations than the 
general-purpose machine tool. It is being appreciated that the 
more nearly a general-purpose machine approaches a special- 
purpose machine, the more efficient and the more valuable for 
manufacturing purposes it becomes. 

During this same period many of the larger users have taken an 
active part in machine development, and many improvements 
have resulted from suggestions originating with them. This 
has been true to a large extent of the automotive industry. 
C. F. Kettering? has very clearly stated the attitude of the 
machine-tool user in that field as follows: *“The economic factor 
forced us to improve upon the productive machinery in every 
conceivable manner, never hesitating to scrap even a compara- 
tively new and expensive machine when a still newer one was 
developed that would speed up production, cut overhead, save 
human effort, give greater safety to the worker, or improve 
the product.”” Today the builder welcomes, and in fact, solicits, 
suggestions, a condition quite different from that which pre- 
vailed fifteen years ago. This collaboration of the user with the 
builder in machine development is of the utmost importance to 
the builder, as it must be recognized that he must produce that 
which the user will buy. The user controls the situation and 
consequently if improvements are to be made he must assume 
his share of the development responsibility and cost. In buying 
additional machinery the user often specifies the production 
expected, knowing from a careful analysis of the factors involved 
that the demand is entirely reasonable, although considerably 
bevond the possibilities of existing equipment. The equipment 
finally developed is usually capable of greater production than 
the output specified. 

The engineering and design of machine tools is strictly a 
function of the builder and should remain so. Not all users 
employ the kind of talent necessary for this work, and those who 
do usually have a sufficient amount of special equipment to 
design to keep this talent constantly employed without at- 
tempting to alter the designs of standard machines or to develop 
new types. In order that satisfactory returns may be realized 
from the investment in machine tools, however, it is imperative 


2 American Machinist, vol. 66, p. 801, May 19, 1927. 
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that the user assist the builder by furnishing all the manu- 
facturing information necessary to produce machines which 
his experience has taught him will more adequately meet the 
requirements of continuous quantity production. 


DEVELOPMENT ORGANIZATION 


In the plants of the Western Electric Company a large quan- 
tity of medium-sized production machinery is needed to produce 
the enormous number of parts required every year for the manu- 
facture and maintenance of the telephones and _ associated 
equipment of the Bell System. The problem of manufacturing 
this equipment economically depends for its solution mainly 
upon the machine tools selected for the job. The magnitude 
of the problem will be more fully appreciated if it is realized 
that the telephone equipment manufactured by this company 
consists of 13,000 different kinds of apparatus assembled from 
110,000 different component parts. For several years it has 
been necessary to purchase or build from two to three million 
dollars’ worth of machinery per year for the purpose of reducing 
manufacturing costs or for increasing capacity. 

The selection of the machine tools for this job is one of the 
functions of the development organization at Hawthorne. 
This organization originated some twenty years ago when the 
demand for telephone equipment, although much smaller than 
it is today, was constantly increasing year by year. This in- 
creasing growth made it necessary to re-analyze each job fre- 
quently and to revise manufacturing layouts so that advantage 
might be taken of the larger requirements to make use of more 
productive equipment. It became evident that standard 
manufacturing methods were in many instances not suitable 
for manufacturing interchangeable parts in large quantities. 
A few experienced engineers, therefore, were assigned to the job 
of studying the problem in detail, and from this small beginning 
grew the present development organization, consisting of several 
hundred engineers whose function it is to study constantly 
every factor affecting the cost of production from the raw ma- 
terial to the finished product. About 35 engineers of this 
group are employed in the study of machining methods and the 
standardization of machine equipment, and about 85 designers 
are required to provide the designs for special-purpose machinery 
and changes in design or additions to standard machines when 
necessary to meet the requirements of this company. 

These engineers develop all machining methods and select 
the standard machine tools which are required to meet the 
production schedule. They keep in close touch with builders 
of standard machines and, because of their more intimate 
knowledge of manufacturing conditions and requirements, have 
been of considerable assistance to the builders in developing ma- 
chines superior to previously existing models. 

The Western Electric Company has been a pioneer in this 
coéperative development work, and the records are replete with 
accomplishments. Policies governing the design and construc- 
tion of machine tools of all types have been established. 


MAcHINERY STANDARDS 
The standards adopted by this company affect the design of 
machines with regard to both their economic and humanitarian 
aspects and include the following: 
1 Minimum floor-space requirement 
2 Elimination of accident hazards as far as possible by 
properly designed guards 
3 Reduction of physical effort by the provision of con- 
venient operating arrangement 
4 Cleanliness, secured by preventing machine and cutting 
lubricants from leaking or being thrown from the 
machine 


5 Appearance. 

To meet established standards satisfactorily, manufacturing 
machinery must be compact so as to occupy as little floor space 
as possible; it must be ruggedly designed to insure accuracy; it 
must be efficiently lubricated to reduce maintenance; all parts 
must be easily accessible, though moving parts should be enclosed 
or properly safeguarded to remove accident hazards; and the 
machines should be arranged for individual motor drives, prefer- 
ably with the motor located in the base. They must conform to 
the latest and best practice with respect to materials, bearings, 
gears, and chains, and the workmanship must be of a high order. 
All of these requirements are incorporated in most tool-room 
machines, but until all production machines are built in aeccord- 
ance with these general specifications there will continue to be 
opportunity for improvement. To insure a standard of high 
quality the Western Electric Company finds it necessary to 
dismantle a large percentage of the machines bought so that they 
can be thoroughly inspected and replacements made or workman- 
ship improved, if necessary, before the machines are placed in 
service. 


CONSIDERATION OF LABOR IN THE DESIGN OF MACHINE TooLs 


It should not be inferred that all of the standards adopted by 
the Western Electric Company meet the approval of all builders 
nor even of all users. Machine standards depend largely on the 
point of view, and the point of view in a manufacturing plant 
is a limited or a broad one, depending on the type of management. 
The importance of the economic factor in determining policies 
is well recognized. However, a management whose policies 
do not provide attractive as well as safe working conditions 
has been blind to the economic value of them. 

A few years ago when this country was in the midst of great 
business activity and a shortage of labor was acutely felt in all 
localities, the company was faced with the problem of main- 
taining an operating force of approximately forty thousand 
persons. An analysis of the labor situation in the territory from 
which the Hawthorne Plant must draw its shop help indicated 
that there were approximately six hundred thousand persons 
in the class considered adaptable to the company’s lines of 
manufacture. In this territory are several medium-size plants 
each drawing its requirements from this supply. It was es 
timated that the company would be obliged to select its force 
from about twenty per cent of the total, or one hundred and 
twenty thousand. Considering the various classes which it 
is necessary to employ, it is a difficult task to select a force of 
forty thousand from so small a number. The policy of selecting 
only the highest type of help was not relaxed, however, and each 
individual employed was required to pass a physical examination. 
During this trying period the company was able to keep 4 
satisfactory operating force and to hold the labor turnover 
remarkably low. There is no question but that the unusually 
satisfactory operating conditions and shop environment were 
largely responsible for attracting and holding a_ high-grade 
class of employees. The company is convinced that environ- 
ment has a great deal to do with health and contentment among 
employees, and consequently helps reduce the labor turnover. 

The design of manufacturing equipment is influenced to 4 
large extent by these considerations. Several years ago whet 
the first multi-story buildings were erected at Hawthorne, the 
only equipment on hand and obtainable was belt driven, and 
the group method of driving was adopted as being tlie best 
available at that time. The belts and overhead shafting, 
pulleys, and motors obstructed the light, increased the hazard, 
and made all departments so equipped gloomy places in which te 
work. A typical belt-driven hand screw-machine department 8 
shown in Fig. 1. Having provided light, airy buildings, the m4” 
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MACHINE-SHOP PRACTICE 


agement was not content to have them filled with this objec- 
tionable equipment. 


Moror-Drive PRroGramM 

Up to 1914 very few machine tools were available with well- 
In that year it was decided to motorize 
the entire plant consisting of about forty-five hundred machines. 
The plan adopted involved, first, the development of individual 
each type of belt-driven machine considered 
sufficiently modern and suitable for manufacturing purposes, 
and the replacement of all types of machines unsuited to such 
drives; and second, the policy of purchasing only motor-driven 
machines for additional capacity. 


designed motor drives. 


motor drives for 


The motorization of the belt-driven machinery involved a 
great deal of expense for design and construction work but has 
now been completed. How well this program has succeeded 


is shown by reference to Fig. 2, which is a photograph of the hand 


Fic. Screw-MacuiIne DEPARTMENT 


Mororizep DEPARTMENT 


<tew-machine department referred to above after motoriza- 
‘ion, During these thirteen years progress in the machine-tool 
industry toward properly guarded mac hinery and well-designed 
motor drives has been slow, and consequently it has been neces- 
Stry to keep several designers and a large force of mechanics on 
this class of work constantly to take care of the additional equip- 
ment bought to increase manufac ‘turing capacity. 

The second phase of the plan has presented the most difficult 
task of the motorization problem—that of persuading the 
builder to design and build his equipment in such a manner that 
"could be belt or motor driven at the option of the purchaser. 


MSP-50-2 


In 1914, when the plan was launched, builders were not inclined 
to regard individual motor drives seriously, and the only arrange- 
ments offered were makeshifts. 
to hold up purchases of additional equipment until a sufficient 
quantity could be ordered to induce the builder to furnish the 
design wanted. This is well illustrated by the development 
of the motorized milling machine. 


It has frequently been necessary 


The problem of motorizing belt-driven milling machines was 
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Fig. 3) Screw MacuiINe with 


In Moror Drive 
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Fic. 4 Large ScREw MACHINE WITH WESTERN 


Evectric Co. Design or Moror Drive 


attacked by locating the motors on brackets in the rear of the 
machines. This resulted in an increase in the floor space oc- 
cupied, and indicated clearly that the future development of 
the milling machine would involve the incorporation of the 
motor in the base of the machine, totally enclosed, and properly 
ventilated. This idea was submitted to a few of the largest mill- 
ing-machine builders, who, however, did not consider it advisable 
to change their line and offer it to the market in general, but ex- 
pressed their willingness to build a certain minimum quantity. 
To do this it was necessary for the company to hold up purchases 
until a number of machines could be ordered sufficient to warrant 
the builder in changing the standard design. When these new 
machines with the built-in motors were finally installed the 
arrangement was found to be highly satisfactory, and the scheme 
has since been adopted by all the leading builders. 

I am told that the demand for motor-driven machines of all 
types at the present time amounts to about 80 per cent of the 
total production. 


Screw-Macuine Moror Drives 


In addition to doing away with a forest of belts and overhead 
work, an endeavor has been made to limit the heights of the 
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machines, as it would obviously be inconsistent to go to the 
great trouble and expense involved in the motorization program 
and then to permit the machines themselves to obstruct the 
light. 

Late-model multiple-spindle screw machines, for example, ordi- 
narily furnished with the motor on top, are arranged with motor 


DRIVE UNCOVERED 


SHOW CHAIN 


Fic. 5 Puncn Press EmpopyinGc SEVERAL WeEsTERN ELECTRIC 
Co. Design FEATURES 


drives built in or on a special 
bracket so located that the height 
of the machine is not increased, 
and are a radical departure from 
standard equipment. The small 
machines have the drives built 
in the bases as shown in Fig. 3. 
In the case of some of the 
larger machines the motor is pyg, CRANKSHAFT Bear- 
located at the stock end of the ING, PuncH Press 
machine on a special base, Fig. 


4. A chain connects the motor — 
to the drive shaft which extends = ~~ 
through the pan of the machine - 
and drives the spindle at the other 7 
end by means of a second chain. cL 


The shaft is mounted on self- 
aligning ball bearings and is com- " 
pletely enclosed inatube. With 

this construction not only has the ; 

height been reduced but the motor has been placed in a more 
accessible position, the floor load has been more evenly dis- 
tributed, and the vibration appreciably reduced. Also a two- 
speed motor is used instead of the single-speed motor usually 
recommended, thus providing a wider range of speeds with- 
out changing chains or sprockets. The specifications for these 
machines included several other special features such as special 
stock reel, stock and control apparatus support, special at- 


tachments for threading in the second position, arrangement 
for revolving all tools at one time, and ball thrust bearings 
—altogether about twenty items, which, although adding to the 
cost of the machines, provided compact, well-arranged units 
which fill the operating requirements much better than the 
standard machines. 

One of the remaining groups of belt-driven machines which 
it is expected will soon be replaced consists of the one-inch and 
over-hand screw machines and turret lathes. A recent investi- 
gation of machines of this class reveals the fact that there is no 
motor-driven machine on the market with spindle speeds as 
high as are now being obtained on belt-driven machines. Some 
of those considered provide about half the speed now being used. 
Probably the reason for this is the difficulty of providing high 
speeds with geared heads. If this is the case other means should 
be taken by the builders to provide a range of speeds sufficient 
to handle economically parts such as those used in telephone 
apparatus. 


Puncu PRESSES 


There is probably no manufacturing machine that has under- 
gone less change since the early designs than the punch press 
Credit must be given to those who have had the vision and the 
courage to depart from conventional designs and to bring out 
low under-drive machines capable of high speeds. For blanking 
operations these presses are superior to gap-type presses because 
the ram is guided more satisfactorily and there is very little 
chance of misalignment of the tools. In the gap type the frame 
opens up slightly with each stroke of the press, and more ex- 
pensive sub-press tools must be built to overcome this inherent 
fault. For second-operation work, however, the gap type is 
preferable, but in most cases the designs could be greatly im- 
proved. 

In a plant using hundreds of medium-size presses and blanking 
and forming millions of parts per year, it is of the utmost im- 
portance, first, that these machines be safe to prevent injury, 
thus obviating lost time and a demoralized morale, and second, 
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Fig. 7 Ram Connection, Puncu Press 


that they be constructed so that maintenance will be low i2 
order that they may be kept constantly active. Westerm 
Electric Company punch presses are individually motor drive®, 
having incorporated in their construction a special design of 
friction motor drive (Fig. 5); the bearings are bronze bushed 
throughout and the crankshaft bearings are split on an angle 9 
that the upper bearings in the frame take all the upward pressure 
and the caps none (Fig. 6). The crankshaft is made of heat 
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treated chrome-nickel steel as a matter of safety. The ram 
connection is provided with a shearing ring to protect the press 
from overload and the arrangement is such as to permit easy re- 
placement of the ring whenever necessary. (Fig.7.) A U-bolt is 
used for clamping the cap against the punch shank, as shown 
in Fig. 8. U-bolts are used here because they are easier to re- 
place in case of breakage than the usual studs. The clutch is of 
the rocking-key type. The flywheel, which is mounted on ball 
bearings, is provided with several key-locking grooves to effect 
a minimum of clutching time. (Fig. 9.) 

It is common knowledge that the punch press is one of the 
most difficult machines to guard efficiently without reducing 
output. These presses are completely guarded, including a 
balanced swinging gate operated by the foot treadle in such a 
manner that it is in place in front of the die space before the 
clutch is tripped (Fig. 5), and side gates to prevent the operator 
from reaching around the front guard. These are so arranged 
that when swung open the clutch rod is locked and the press 
cannot be operated. 

The flywheels are webbed so that there is no chance of any- 
thing getting caught in them as is possible when spokes are used. 
Also the webbed wheels eliminate the usual flicker of light due 
to the rotation of a large number of spoked wheels. This has 
reduced fatigue and helped eliminate accidents. Punch-press 
accidents at Hawthorne are extremely low; in fact, the hazard 
has been practically eliminated. 

To secure clean operating conditions a great deal of attention 
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Fig. 9 
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has been given to preventing oil from leaking out of machines 
or being thrown off by revolving or reciprocating parts. Wipers 
and shields are required to obviate this. Punch presses, for 
example, are provided with shields (Fig. 5) to prevent oil from 
the crankshaft from being thrown on the operator. 


MACHINES 


Many well-designed high-production semi-automatic drilling 
machines are available for automobile parts and larger, but 
equipment for drilling small holes through comparatively thin 
material has undergone but little change in many years. The 
only important improvement that has been made is the increase 
in the spindle speed by the adoption of ball bearings. The 
“im seems to have been to provide machines for small work 
With relatively high drilling speeds with the idea of securing 
more nearly the same cutting speeds obtained with larger tools, 
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though so far as the reduction in the cost of drilling small holes 
is concerned, this has never been an important factor. It 
could be shown very readily that the amount of time saved due 
to the higher drilling speeds is a very small percentage of the 
amount of time required for the complete operation of loading 


ADJUSTMENT FOR 
POSITION OF QU/LL 


| 
| 


HEADS HORIZONTALLY 
AD/SUSTABLE /N 
ANY DIRECTION 


MOUNTED IN 4,6 OR /2 POSITIONS 
| AN7/-FRICTION ON DIAL AS REQUIRED 
| BEARINGS 


| 
| QUAL SPINDLE 


BENCH 
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Fie. 11 Two-Spinpte Automatic DRILLING MacHINe, BENCH 
Type, Diat Freep, Sipe View 


a jig, drilling, and unloading. It is true that automatic feeds 
have been developed, the principal advantages of which have 
been to reduce fatigue. They are a step in the right direction, 
however. 

In the drilling of small holes at, say, 8000 r.p.m. through thin 
stock it often happens that, due to the nature of the work re- 
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quiring the loading and unloading of jigs and other handling, 
the drills are cutting metal only a small portion of the time; 
in fact, on some jobs less than ten per cent. So far as the author 
is aware, there is on the market no general-purpose machine 
suitable for small work in which the attempt has been made 
tofeut down appreciably the time lost due to handling. For 
this reason the development engineers of the Western Electric 
Company have suggested a design shown in Figs. 10 and 11 
which can be built with one or more spindles as desired, and 


Fie. 12 Horizontan DupLex Semi-AuToMatTic DRILLING 
MAcHINE, Front View 


Fic.13  Horizontat Dupiex Semi-AvuToMATIC DRILLING MACHINE, 
View 


which is provided with a dial for carrying the work to the drilling 
position by an intermittent motion, the drills being fed to the 
work by means of cams. The design shown in the illustration is 
that of a bench-type machine which is being developed at the 
present time. The driving and operating mechanism is entirely 
enclosed and adjustments are provided so that changes in speeds 
and feeds and the time of a drilling cycle may be varied as re- 
quired. With this machine the operator will not be obliged to 


Fig. 14 Dritt, Front View 
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handle the jigs nor hand-feed the drilling spindle; her hands will 
be free for the sole purpose of loading and unloading. Even 
this labor may be eliminated on large production jobs by the use 
of automatic feeding and ejecting devices. 

Another type of drilling machine which is being developed 
is shown in Figs. 12 and 13. This is a double-opposed machine 
with two heads, each carrying several spindles, which can be fed 
The work is held in a turret 
mounted on a horizontal axis in the center of the machine. The 
turret is hexagonal, each side of the hexagon carrying a fixture, 
and rotates intermittently, locating each fixture successively 
The 
drilling heads are moved to and from the work hydraulically, 
arranged with rapid approach and correct drilling speed and 
quick return. It is expected that this ma- 
chine can be used for drilling, burring, and 
tapping, and also for multiple drilling when 
required, simply by providing multiple drill- 


to the work from opposite sides. 


in line with the drill spindles in the opposite heads. 


ing heads to be driven by the various ma- 
The operator will sit in 
front of the machine and control it by 
means of a foot treadle. As long as the 
treadle is depressed the machine will con- 


chine spindles. 


tinue to function, but as soon as the foot 
is removed from the treadle the machine 
will stop. The operator’s task will be 
simply to load and unload the fixtures as 
they successively reach the 
front of her. 

These drilling machines are shown, not 
because of their novelty, but principally 
to indicate the needs of a large manufac- 
turer of small interchangeable parts in this 
machine-tool field. 

A recent investigation of the available 
multiple-spindle vertical drilling machines 
with power feed, suitable for use on metal 


position in 


or wood, resulted in a decision that it would 
be necessary to design a machine in order 
that the desired operating conditions and 
maximum output might be obtained. Figs. 
l4and 15 show the front and side elevation 
of this machine. Thirty-two spindles 


MSP-50-2 11 


equipment, amounts to several hundred dollars. Much of this 
could be saved if the machine builder would build into his 
machines fuse boxes, switches, light brackets, and the necessary 
conduits, and would provide adequate and well-designed guards. 
This matter has been given more attention of recent years, but 
it is still found necessary to buy many machines on which these 
important features have not been provided. 

Fig. 16 illustrates the electrical equipment and guards which 
had to be provided for a machine recently bought. In this case 
the additional equipment cost about ten per cent of the purchase 
price. 


PossiBILiITies FoR Furure DEVELOPMENT 


It is claimed that hydraulic feeds make possible higher cutting 


are provided, driven in groups by three 
vertical ball-bearing motors. The travel 
of the head to and from the work is accomplished hydraulically. 

It is proposed to use cluster boxes having all spindles properly 
located for the job in hand so that the time of changing from 
one job to another will be a matter of a comparatively few minutes. 
For wood, higher-powered motors will be used as the drill spindles 
will rotate at speeds up to 8000 r.p.m. and the motors will be 
more heavily loaded. For this class of work it is highly im- 
portant that no oil shall leak from the drilling-spindle bearings 
on to the wood parts. The ball-bearing spindles in the cluster 
boxes, therefore, will be provided with special oil retainers. 

No user would prefer to design and build his own machine 
tocls, and the Western Electric Company is no exception. The 
ume spent on such work could be used to advantage on special- 
purpose machinery of which a large amount is required. It 
is found necessary to do so, however, on account of the relatively 
small number of different types of standard production. machines 
available in the sizes used in the telephone-manufact uring business. 


Fia. 16 


Cost or INSTALLATION AND GUARDS 


, The purchase price of machinery is never the entire cost. 
ften the cost of installation, including guards and electrical 


STANDARD MACHINE WITH ELEcTRICAL EQUIPMENT AND GUARDS INSTALLED BY USER 


speeds and longer tool life; but whether or not this is true, 
there are advantages sufficient to justify the adoption of the 
hydraulic method of operation wherever possible. In the 
first place, the use of the hydraulic means for controlling, timing, 
and transmitting motion does away with the necessity of gears, 
cams, or screws, and the bearings and shafts on which they are 
mounted; consequently the maintenance by comparison would 
be extremely low. Another advantage is the exceptional 
flexibility of the system, it being possible to obtain very easily 
any speeds in either direction, or any variation in speed in either 
direction. 

The advantage of the hydraulic system in the operation of 
punch presses would seem to be obvious; the length of stroke 
could be varied readily from a very short one, such as might be 
used in the high-speed blanking of small parts using an automatic 
feed, to a long stroke for forming or drawing operations. The 
speed of reciprocation could probably be as high as that usually 
obtainable with the crank style of press. 

For small screw-machine work it would seem to be entirely 
practicable to design a vertical screw-machine unit which could 
be mounted singly or in multiple on a suitable frame and which 


ia 
SS Le: ar ‘\ 
| 
| 
: | 
|! 
| | 
| 
| 
| 
| 
= 


12 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


would take up much less space than the usual type. A unit of 
this type could be designed which would have a larger output 
than the present types of machines. There are some German 
and Swiss screw machines of small sizes on the market, but there 
is no machine built in the United States suitable for high pro- 
duction smaller than a No. 00 B. & S. automatic, which, including 
the stock rack, occupies about twenty square feet of floor space. 
This should be sufficient for about six units built vertically. 
Furthermore, an attempt should be made to design screw 
machines capable of finishing each part completely instead of 
requiring additional work to be performed on them as is now 
necessary on a large percentage of screw-machine products. 


CONCLUSION 


In conclusion, the author would like to emphasize the im- 
portance of giving special attention in the design of all new 
machine tools to the matter of maintenance, facility of operation 
and safety; and he would also emphasize the need of more semi- 
automatic production machinery. 

Maintenance. By the use of anti-friction bearings and 
centralized oiling systems it is possible to increase speeds and to 
reduce the wear and tear on machinery to a point where the 
saving in the cost of production and by the elimination of losses 
incident to shutdowns for repairs will more than pay for these 
features. 

A further means of reducing maintenance would be the re- 
duction in the amount of mechanism by a liberal use of motors 
and by hydraulic operation, both reciprocatory and rotary. 

Facility of Operation. A machine that is designed and con- 
structed in such a manner that it is difficult to operate is no 
credit to the designer. There is little excuse for a machine 
of this kind. It is an indication of incomplete planning. Con- 
trols should require the minimum of physical effort, and the 
work of handling the product to and from the machine should 
be so easy as to result in as little fatigue as possible, even though 
these movements be repeated many times during the working day. 

Safety. So much has been written on the guarding of ma- 
chinery that the omission of guards by a builder would seem to in- 
dicate a disregard for the safety of the worker. It is probably 
due, however, to his hesitancy to increase the price of his machine 
sufficiently to cover the cost of the guards. The user should 
expect to pay for guards and should insist upon their being well 
constructed. It costs considerably less to have them built with 
the machine than to design and build them afterward. 

Semi-Automatic Production Machinery. We would do well 
to encourage the design of more semi-automatic machinery for 
specific operations. There is an almost unlimited opportunity 
for the development engineer and the machine-tool designer in 
this production-machinery field, especially in the design of ma- 
chines for the manufacture of small parts. Accomplishment in 
developments of this kind will be expedited if the machine-tool 
builder and the user will work more closely together, each as- 
suming his share of the responsibility. This cooperative effort 
will result in benefit to both to a maximum degree. 


Discussion 


L. D. Spence.’ The work necessary for the manufacturing 
development department of the Western Electric Company at 
Hawthorne Station to perform in maintaining the machinery 
standards set forth by them, because of the nature of their work, 
places them in a position to view the machine-tool builders’ 
products from a somewhat different angle from that of the average 
machine-tool user. The large production of small duplicate parts 
necessary in the manufacture of telephones and other electrical 


3 Brown & Sharpe Mfg. Co., Providence, R. I. 


equipment enables certain features to be applied to machine tovols 
that would assist in increasing the production of this class of 
work, and very often entirely special equipment is necessary to 
produce the maximum production possible for the operations to 
be performed. 

Probably no class of manufacturers appreciates more fully 
than the machine-tool builders the call to cooperate fully with 
manufacturers who are engaged in mass production. In mass 
production there are, of course, some general lines of work that a 
machine could be designed to carry out, and such a machine 
would fit a large range of this work. In some respects it might 
not get the highest production for the specific job in hand; and 
the problem resolves itself into making a special machine, or into 
adapting the standard machine. 

The past fifteen or twenty years have shown a cooperation |e- 
tween mass-production manufacturers and machine-tool builders 
that has brought forth wonderful results; and it is the writer's 
belief that as time goes on this cooperation will be strengthened 
as each party to the arrangement will be urged on by this coopera- 
tive demand. More and more the manufacturer of standard 
machines realizes the necessities as just mentioned, and in order 
to fill more fully the requirements, efforts are constantly being 
made to build a standard or base machine to which attachments 
can be fitted that will fully meet the needs of the customers 
engaged in the various classes of work. 

When the highest production is desired for the operation of « 
certain class of work, careful thought must be given to the loading 
and handling time. This time is often referred to as idle time 
The machine-tool manufacturer has, during the last few years 
given much thought to this in the design of machine tools, and a! 
present we have the automatic milling machine, high-speed 
automatic screw machine, high-speed presses, and other machines 
suitable for more rapid production of interchangeable parts 

The machine-tool builder must, however, design his products s 
as to meet the requirements of various classes of work within th 
capacity of the machine. If machine tools are not carefully de- 
signed along this line, their use may be limited to firms whic! 
have only that class of work for which the machine is best adapted 

That portion of the paper referring to the progress mace | 
the development department in connection with individus 
motor drive is very interesting. After a visit to a department 
of the Western Electric Company equipped with motor-drive 
machines, it is readily appreciated that the department is better 
arranged as far as light and working conditions are concerned 
aside from the question of saving in maintenance cost of th 
overhead works and belting. Yet some classes of machine too! 
arranged in this manner are often more expensive than thos 
designed for countershaft drive; and, as many machine-too 
users are not ready to consider the individual motor drive, 
makes it necessary for machine-tool manufacturers to bul 
both types. 

When reviewing the work performed by firms engaged in tle 
manufacture of small parts in large-quantity production, it 
be found that many special machines are used—machines d 
signed for the operations necessary, such as drilling, etc. How 
ever, before the machine-tool builder can design new macluner} 
to meet the requirements of this class of work efficiently, the & 
tent of the field must be investigated in order to determine tb 
extent of the usefulness of a machine of the design required. 

Many special drilling, milling, tapping, and other machine 
have been.designed by various machine-tool manufacturers; 30 
while they are very efficient on the class of work to be performeé 
their sales have been small as they cannot take care of the rang 
or variety of work requiring the same operations. 

A semi-automatic drilling machine having five horizontal sp 
dles, each controlled by a cam, is efficient when producing We" 
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within its capacity. It is equipped with five drilling stations 
and its camshaft is so timed as to permit theun loading and re- 
loading of one station while the remaining four spindles are 
drilling. A machine of the type referred to is suitable for the 
drilling of small parts of a shape that can be held in the holding 
fixtures. 

Semi-automatic drilling and tapping machines having vertical 
spindles are also used to some degree. These machines have an 
automatic arrangement for indexing the circular table and, pro- 
vided the shape of the work permits, a magazine can be arranged, 
thereby making the machine fully automatic. 

Machine tools for other machine operations have been designed 
and offered to the user, and no doubt there is need for more high- 
production machine tools for this smaller work. 

It would seem difficult for the machine-tool manufacturer to 
meet the requirements of the special equipment found necessary 
in the manufacture of watches and clocks and other lines in view 
of the efficiency of the special equipment now in use by firms per- 
forming this class of work. 

The writer has in mind one firm engaged in the manufacture of 
asmall article which required several milling and swaging oper- 
ations. Because of the enormous quantities manufactured, 
special milling machines were designed and equipped with maga- 
zine loading and ejecting mechanisms. Seventy-six of these 
machines were used for four milling operations and required 
the attention of but four operators and two helpers. 

The swaging machines were of standard design and each 
was equipped with a magazine. Thirty-two of these machines 
were operated by two operators and one helper. The average 
machine-tool user having work requiring swaging operations 
may not have a sufficient quantity of any one part to consider 
the feature of magazining blanks, as usually a change in a part 
necessitates a complete change in the magazining arrangement. 

It would perhaps be difficult to find another manufacturer who 
would have a milling problem that can be worked out as efficiently 
as the work performed by the 76 milling machines in the plant 
referred to. 

Our knowledge of the development of special equipment used 
in the mass production of these small parts should be of great 
assistance to the machine-tool builder in his endeavor to cooperate 
with such manufacturers in trying to arrange the standard types 
of machine tools so as more nearly to meet the requirements of all. 


F.O. HoaGuanp.* In going through the Hawthorne plant of 
the Western Electric Co., it is quite evident that considerable 
ingenuity has been used in bringing about these developments 
that the author has described. I have personally seen several 
of them, and the job is well done. 

The author comments upon the advisability of taking the motors 
of the tops of the machines. I have found it advantageous, 
however, on vertical-spindle machines to put the motor on top 
for the very reason that it gives a multiple-speed motor the 
advantage of having the highest speeds direct without any gear 
connections. I think in such a case it is not only justified but it 
8 very desirable. On the other hand, when such conditions do 
hot exist, I think the motor ought to be down in the base or as 
hear to it as possible. 

The author mentions obtaining higher speeds in belt-driven 
hand screw machines than in the motor-driven machines. Direct 
‘onnection between the spindle and the motor for the higher 
speeds would make it possible to obtain almost any speed desired. 

In regard to punch presses, I think the author’s point about the 
web flywheel is very good. It eliminates the flicker he speaks 


about, and last, but not least, the chances of getting caught are 
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The author does not see any particular advantage in high-speed 
small drills, and I think he is right as far as production is con- 
cerned, but it tends to eliminate breakage of the small drills. 

The hydraulic-fed presses will undoubtedly come to the front. 
It is only a question of cost, or mainly so, but I do trust the day 
will come some day when the demand will outweigh the differ- 
ence in cost. 

In his conclusions the author refers to lubrication. As has 
been stated many times, 75 per cent of all breakdowns in machine 
tools are due to the lack of oil. The operator is not going to look 
around for hidden oil holes or oil cups but he will put the oil in a 
central place or have somebody else do it, and this will increase 
the life of the machine considerably. A wick oiling system must 
be given serious consideration because after the machine has 
been in the repair man’s hands for the first time some of the wicks 
are apt to be missing, and it must be arranged so that the oil will 
move through at the proper place, wicking or no wicking. 


A. L. DeLeeuw.’ There are many cases in which a relatively 
small quantity of product can be produced on an automatic 
machine provided the tool equipment is not expensive and the 
set-up time not long, and as there are in existence at present 
many automatic machines in which both these requirements are 
met, every one should carefully consider whether one of the 
present types or perhaps a new type of machine would not be 
suitable for his work, notwithstanding the fact that he may not 
produce in large quantities. 

Every shop man looks with a great deal of interest to see if a 
shaft or a gear or any part can be quickly removed in case re- 
pairs should be necessary. I do not wish to suggest that this is 
not an important consideration, but it is not all-important, and it 
is not as important as some other things. If designers can im- 
prove the mechanism but at the cost of some little delay in re- 
moving the part if necessary, they should not compromise. They 
should make the machine better and even let the man who has to 
do the repairing sweat a little bit. If the designer can make the 
machine so as to save one second on a minute’s operation, then 
in the course of a year the total time saved is 40 hours, a long 
time to allow for the removal of a shaft and hence a considerable 
net saving. 

In many cases a station machine might be used to good ad- 
vantage, especially where quantities are fairly large though not 
necessarily extraordinarily large. Certain machines can be built 
so that it would be possible to take various heads off and put 
other heads on so as to make the machine capable of working 
on a variety of pieces. Such machines have been built, and many 
more could be built if again there were not that prejudice that 
seems to come up automatically in people’s minds that enor- 
mously large quantities of pieces are required before such a ma- 
chine becomes profitable. That, I find, is not the case. It is 
sometimes the case but not always. Again, here, careful con- 
sideration is necessary 

Our machines have been built from old practice, and old prac- 
tice means a shop in which a machine had sometimes to drill a 
small piece, next a long piece, and then a wide piece, sometimes a 
high one and sometimes a low one. The machine was built so 
that it could take care of all these pieces, and in building a ma- 
chine this way it became clumsy, expensive, and not very fit 
for any one of the operations. At the present time most of our 
manufacturing is not carried on that way. Most of it is done by 
single operations and machinery set for a certain operation. In 
1900 and for a few years thereafter, everybody was impressed 
with the necessity of having a quick-change-gear arrangement on 
the lathe and milling machine. This is quite correct if a great 
variety of work must be done on a machine, but if a machine is at 


5 Consulting Engineer, New York, N. Y. Mem. A.S.M.E, 
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work for a few days and sometimes months and sometimes year 
after year on the same operation or the same kind of operation, 
there is no longer any benefit in having an expensive attachment 
to it for no other purpose than to save a few seconds in changing 
the feed or speed. In such cases the ordinary change gears or 
pick-up gears are all that is required. If a machine is at work 
three or four days at a stretch on one operation and it takes, 
let us say, three minutes to remove a pair of change gears and put 
another one on, the percentage of saving that can be made by a 
quick-change-gear arrangement does not pay. 


S. Einstein. The author mentions a number of improve- 
ments and suggestions which have been offered in the past to 
machine-tool builders, such as roller bearings, enclosed motors, 
and better lubrication. The experience of most machine-tool 
builders is that whenever improvements are made, it is hard to 
get users of the tools to accept them. When Mr. DeLeeuw 
introduced in 1908 milling cutters with teeth correctly spaced 
there was a considerable argument about the design tending 
to prove that these cutters were not desirable for a number of 
reasons. Today these cutters are standard. So it is with the 
improvements which the author mentions, even roller bearings 
and ball bearings. It takes an uphill fight all the way to make 
users of machine tools see their advantages. 

Another point brought out by the author is that the needs of 
industries such as his for small machines are not being cared 
for. This, I think, is true only to a certain extent. Take, for 
example, the centerless grinder. When we started out with the 
centerless grinder considerable pressure was put on us to make it 
much smaller than the small size we are building now. It was 
argued that here was a machine, weighing 4000 to 5000 Ib. and of 
correspondingly large proportions, designed for small pieces, 
say, '/;6 or '/3, in diameter. If the requirements of such a ma- 
chine are analyzed, it will be found that a heavy machine is 
essential. 

Neatness of appearance is naturally very desirable, but here 
again many problems are put to the machine-tool builder. _ If all 
the mechanism is put inside the machine, certain dimensions will 
become larger and make the machine heavier. 


P. E. Buss.’ If 1 understand the author rightly, he says that 
users of machine tools are paying for and should receive the bene- 
fits of more development work. It is a fair question whether they 
are paying for it, although they may think they are paying for it. 
Let me illustrate what I have in mind. Recently the National 
Machine Tool Builders Association made an investigation of some 
thirty of its larger members making a variety of products, none 
of whom did less than a million dollars’ worth of business a year 
for five successive years. More than half of the business carried 
on by them was done at a profit of 10 per cent or less, and only 
a part of the remainder of the business was done at a profit that 
reached 14 per cent. That profit when related to the usable items 
of investment in their business, as to the first section I quoted, 
was less than 5 per cent return, and as to the other section, 
probably not in excess of 7 or 7'/. per cent return. The builders 
of machine tools are not satisfied with the amount of develop- 
ment work they have been able to carry on, but where the return 
is so meager the ‘amount of money available for such purposes 
of necessity must be limited. I think it can be shown that in 
proportion to the volume of business which the industry does and 
the net return, the amount of development work carried on is 
in excess of the amount carried on by any similar national industry. 


* Chief Designer, Cincinnati Milling Machine Co., Cincinnati, 
Ohio. Mem. A.S.M.E. 

7 President, Warner & Swasey Co., Cleveland, Ohio. Assoc. 
A.S.M.E. 
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O. W. Bosron.* I wish to raise the question as to whether or 
not individual lighting arrangements, incorporated in the ma- 
chine, are desirable in all cases. It seems to me that when 
individual lights are placed on machines the machinery becomes 
very complicated and the lights soon get out of order. I wonder 
if an adequate lighting system, lighting the room as a whole, 
is not more efficient in the long run. 

The author takes up very seriously the question of guards, 
I am not at all conversant with the various state laws on guaris, 
but it is my understanding that the machine-tool builders are 
up against a rather serious problem when they equip their ma- 
chines with guards because a guard which is satisfactory to the 
laws of one state might not be satisfactory to the laws of another 
state. I am not sure that The American Society of Mechanical 
Engineers is doing anything by way of standardizing those practices 
It might be desirable to instigate some action along that line 


L. D. Buruincame.’ I was brought up in a factory where a 
standard type of machine was established. Because of carrying 
in stock, we could deliver it to the customer on receipt of a tele- 
gram or at a day's notice, and orders were refused which were not 
for that standard type. Soon the pressure became such that it 
was necessary to change the product to some extent to meet the 
needs of customers, and it gradually developed that the users 
impressed the manufacturer with the thought that the latter was 
better qualified to perform the service of equipping his machine 
with such modifications. 

One such step is illustrated by the serew machines which were 
developed to be entirely automatic. Then came the turret 
forming and the threading machines; thus three kinds were 
developed. Each of these was built with or without motor, 
making six kinds, and then each of these was adapted for high 
and for regular speeds, making 12 kinds. Another variation 
makes 24, and another 48, until the whole thing becomes im- 
possible. The solution has been partly found in the unit system, 
by which quick modifications can be made on machines carried in 
stock. 

I believe there is closer and closer cooperation between the user 
and the manufacturer, but it is still somewhat of an open ques- 
tion as to where the cost should be borne. The cost of service 
is not one that it seems should be paid by the man who wants the 
standard equipment only. There are those who want special- 
purpose machines. The cost, I think, should be borne by the one 
receiving the service. 


W.L. Mitvar."’ In the early days it was recommended by the 
motor manufacturer that the motor be mounted so as to be up 
out of the dirt. On account of the fact that customers so many 
times specified that they must have a certain make of motor it was 
practically impossible for the manufacturer to incorporate the 
motor in the base of the machine. Therefore it seems necessary 
to allow the manufacturer greater leeway in selecting the make 
of the motor, or the principal dimensions of various makes of 
motors should be standardized. 


F. There is a growing demand among machine 
tool users for standardization. Standardization of the things 
that affect the user are very properly, to my mind, the subject 
of the user’s demand. 

8 Professor of Shop Practice and Director Engrg. Shops, Univ. 0! 
Mich., Ann Arbor, Mich. Mem. A.S8.M.E. 

® Indus. Supt. and Pat. Expert, Brown & Sharpe Mfg. Co., Prov 
dence, R. I. Mem. A.8.M.E. : 

10 Mechanical Engineer, Gisholt Machine Co., Madison, W% 
Mem. A.8.M.E. 

11 General Manager, National Machine Tool Builders’ Associatio., 
Cincinnati, Ohio. Assoc. A.S.M.E. 
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This year the standardization of milling-machine arbors was 
a progressive step which will eventually show good results for 
manufacturers as well as the users. The principle can be ex- 
tended to many different machine-tool elements. 

The designer of any mechanism has to be infected, so to speak, 
with the production idea, if he is going to design production ma- 
chinery such as the author has shown, and it seems to me that the 
machine-tool designer is not exposed to this infection at his 
own drawing board. If he is going to catch this infection, he 
must go where production is going on. The production atmos- 
phere accounts for the development and the necessity of a staff 
of the size the author has mentioned, at the Western Electric 
Company. If it is a good thing for the machine-tool designer 
to get the production infection, I suggest that he be sent out where 
it is likely to attack him. 

I have often thought as Mr. DeLeeuw has said, that we must 
he adding unnecessary complication to machine tools. I wonder 
why every lathe has to be built with a screw-cutting apparatus 


when most lathes probably are not used for cutting screws. I 
wonder if all the combinations of feeds and speeds are needed in 
radial drills—are really used in service. Perhaps the radial 
rill is enough of a general-purpose tool to require all of these 
combinations, but do the users of the radial drills see to it that 
the men operating their machines are using the facilities that are 
provided for them? The users like to have these things. The 
manufacturer who gives the most feeds and speeds has a marked 
advantage. It certainly adds to the cost of producing the regu- 
lar line of machines to incorporate such complications, but do the 
users really use them after they have bought them? 

Last September, Mr. Blanchard, of the Bullard Machine Tool 
Company, presented a paper before the Society of Automotive 
Engineers in which he discussed the method of “simultation.” 
The machines I saw were a very fine example of simultation. 
They were for machining the carbon electrodes used in electric 
furnaces. An electrode is pushed into the machine at one side. 
Jaws on a big drum take hold of it at the bottom and carry it to 
the first station. Here the two ends of the electrode are drilled. 
The drills are withdrawn, and then the drum carries the electrode 
\o the second station. As it moves around it passes between 
two disk grinders—stock machines furnished by another builder— 
mounted on the large machine, and by which the ends are faced. 
lt stops at the second station at which two planetary milling 
machines furnished by a third builder are mounted bodily on 
the machine and by which internal threads are milled in the elec- 
trode. Then the drum carries the finished electrode to the 
bottom where the new one is pushed in, and pushes out the 
inished piece on the other. 

It cost quite a bit of money to design and build this machine; 
isthe only one of its size and kind. Its existence is due to the 
ability of some designer to “simultate” these operations that 
makes it economical. This principle of simultation has been 
rarried out in many station machines. But here is a case of 

jimultating’’ three different kinds of operations, two of them 
involving two complete machine-tool units that are simply 
uttached as complete elements in this large construction. 


Tae Avrnor. There is no doubt, as stated by Mr. Spence, 
vut that individual motor drives cost somewhat more than 
‘ountershaft belt drives, but when the standardization of motors 
becomes a reality the difference in cost will greatly diminish. 
‘SI see the future, the smaller concerns who buy used machinery, 
“4 great many of them do today, will eventually be buying the 
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second-hand motor-driven machines, and in that way the entire 
manufacturing field will in time be supplied with the individual- 
motor-driven equipment. Then there will be no more need of 
discussing the relative merits of the two systems. The individual- 
motor drive is an element of progress and its universal adoption 
eventually is certain. 

In regard to the placement of motors referred to by Mr. Hoag- 
land, we prefer not to mount them on the tops of machines 
though we are not arbitrary about matters of this kind. We put 
the motor where it can be used to the best advantage. 

Mr. DeLeeuw made a very good point when he said that ‘ac- 
cessibility is not the most important consideration. In buying or 
designing new machinery we expect the maximum of accessi- 
bility. I agree with Mr. DeLeeuw, however, that the impor- 
tance of accessibility is sometimes overestimated. 

In regard to the station type of machine, it is without question 
coming into more use. We have bought several and also are 
developing some of our own. 

Mr. Einstein and Mr. Bliss spoke of the difficulties of machine- 
tool builders. We realize that they have their problems and that 
they are real problems. They are being met very capably by 
some of the builders. The outstanding builders who maintain 
efficient engineering and development organizations are not 
complaining much. 

Relative to Professor Boston's question of the advantage of 
individual lighting, it is not our practice to put individual lights 
on machines regardless of the kind of a machine or the kind of 
operation; we use the general illuminating system as much as we 
can. We have very good lighting in our plant, but we recognize 
that there are many machines on which it is necessary to have 
individual lights so that the operators can see what they are 
doing without effort, and we do not hesitate to install them if it is 
necessary. 

With regard to the laws of different states governing the 
guarding of machinery which conflict in many respects, these 
do not present any problem so far as we are concerned, for the 
reason that we endeavor to thoroughly protect our operators 
regardless of and often beyond the legal requirements. We 
have a plant in Illinois and another in New Jersey, and although 
the laws of the latter are more stringent than those of Illinois, 
our methods of guarding are the same in both plants and are more 
thorough in many cases than they need be if we followed the 
actual wording of the law instead of the spirit of it. We 
will not permit a machine to be used if it presents a noticeable 
hazard. 

Mr. DuBrul has brought out the fact that machine-tool build- 
ers design their machines so that they are adjustable over a 
wide range. I have often heard salesmen use this as a sales 
argument. We do not care to pay an increased price for ad- 
justments to cover a wide range of work when only a part of the 
range will ever be utilized. 

I agree fully with Mr. DuBrul that machine designers should 
have an opportunity to study the economics of manufacturing. 
They know practically nothing about it. We solve the prob- 
lem at the Western Electric Company by having two men on 
the job. One is an engineer who is capable of making a detailed 
economic study of the problem involved, and the other is a de- 
signer who has the engineering ability to lay out on paper the 
machine to meet the operating requirements, and the two work 
hand in hand. Designers should be encouraged to learn more 
about the economic factors involved in the designing and building 
of machinery. 
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The first four papers composing the following Symposium 
describe the organization of the departments in whose charge this 
feature of the manufacturing problem is placed by four great Ameri- 
can industrial concerns. The duties and responsibilities of the 
personnel of these departments are set forth, their relations with 
the production and other departments of the shops in question are 
described, the value of the records of maintenance expense is pointed 
out, and the methods of inspection to determine the need of repairs 
are explained in detail. The first paper deals with the methods 
used by the Westinghouse Electric & Mfg. Co., at East Pittsburgh, 
Pa., the second with those adopted by the General Electric Company 
at Schenectady, N. Y., the third, the organization at the National 
Cash Register Company’s plant at Dayton, Ohio, and the fourth, 
the manner in which the problem is dealt with by the Hess-Bright 
fg. Co., at Philadelphia, Pa. 

The fifth paper of the Symposium is more directly related to the 
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fundamental economics of the question of plant maintenance. 
After defining plant maintenance as he understands it, the author 
lists twelve items which he later discusses in detail. He attacks 
the problem from the point of view of accounting practice in the 
distribution of maintenance expense and its effect upon invested 
capital, and after laying down some general principles, proceeds 
to apply the principles to the study of the twelve items previously 
enumerated, showing how the expense involved in each should be 
distributed. Leaving the economic aspects of the question, the 
author next sets up a personnel organization and physical layout 
to handle the problem of general plant maintenance. This is 
followed by some observations and warnings about the handling of 
repair orders, Finally, in a summary, the author returns to the 
economic phases of his subject and shows by an example how the 
proper accounting of expense will affect the return on the invest- 
ment, 


Plant Maintenance’ 


By GEO. H. ASHMAN,? SCHENECTADY, N. Y. 


LANT maintenance must be considered as a_ function 

distinct and separate from those pertaining to regular pro- 
luction work. It is supervised and carried out by an organi- 
ation whose duties should have no connection with manu- 
lacturing. This department may be divided into three general 
branches; civil, mechanical, and electrical engineering. The 
frst of these has charge of buildings; the second, of the machinery 
and tools; and the third, of power. While various plants will 
fer in regard to further subdivisions of this work, for purpose 
{ discussion the following will be considered as best for keeping 
‘he executive in touch with the maintenance work in general, 
yarticularly in the matter of costs: 


Buildings 

Machinery 

Electric apparatus 

Ovens and furnaces 

Dies 

Patterns 

Miscellaneous equipment 

General plant facilities 

Power, heat, and light 

Safety devices. 
BUILDINGS 


The work of the buildings division should be divided into: 
Care of buildings, including heating and ventilating 
Sewers and underground conduits 
Crane runways 
Cranes; jib, traveling, gantry (exclusive of electrical 

equipment) 
Elevators (exclusive of motors or control) 
Roads and pavements. 


A superintendent of grounds and buildings would be in charge 


‘this work, and he would have on his staff a designing engineer, 
, ‘Presented before the Metropolitan Section, New York, N. Y., 
Mar. 28, 1927. 

Meneral Electric Co. 

Contributed by the Machine Shop Practice Division and pre- 
“ated at the Annual Meeting, New York, N. Y., Dec. 5 to 8, 
‘27, of Taz AMERICAN SocieTy OF MECHANICAL ENGINEERS. 


a civil engineer, a general foreman of construction, and foremen 
of carpenters, masons, structural-steel workers, and roofers. 

The department is responsible for the safety and condition 
of walls, roofs, steelwork, stacks, stairways, and the safe load 
per square foot of all floors, for the cleaning of windows, and 
for all painting. Besides this a continuous inspection is made 
of crane runways and cranes, and of freight and passenger 
elevators. 


MACHINERY 


The largest and most important division is that of machine 
tools and appliances, a number of interests centering here, such 
as the selection and purchase of new tools and their installation; 
the attaching of motors, control, and wiring; the repair, dis- 
carding, and scrapping of old machines; and the purchase of 
small tools and machine attachments. 

The general superintendent of the plant has entire charge of 
this important phase of the work. The superintendent of a 
department asking for a new tool makes request on a special 
form giving a general description of the tool required; special 
features, if any; nature of work to be performed, with specific 
details; reasons for making request, whether new work, increased 
production, or replacement of a worn or obsolete machine. 
The saving expected in cost of production from this purchase 
is noted on this request. 

Should the request be considered favorably by the general 
superintendent, bids are obtained by the purchasing department, 
through whose hands all correspondence passes, from manu- 
facturers building the type of tool required. From these quota- 
tions and comments on them from the interested department, 
the general superintendent selects the machine. After the 
authorization to purchase has been obtained from the manu- 
facturing committee, the machine is formally bought through 
the purchasing department. 

Requisition for the necessary electrical equipment to operate 
tool is then made. This equipment is selected and designated 
by the electrical superintendent. 

Foundations are built complete by the grounds and buildings 
department, and the machine is set in position by the mill- 
wrights—each a separate department having no connection 
with the organization of the shop in which the tool is installed. 

The motor and control are next installed and the machine is 
wired by a special department controlled by the electrical 
superintendent. Before the machine may be operated for 
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production, it must be inspected and approved by a representa- 
tive of the safety committee for gear guards and safety devices. 

The machine is given a catalog number by which it is identified 
throughout its life; this number is not reissued when the tool 
is scrapped or otherwise disposed of, but remains as a perpetual 
record to identify it. 

A separate account, kept in card-index form, is opened for 
each tool as it is received and installed. Besides accounting 
information there is given a general description, the capacity 
and purpose of the tool, feeds, speeds, maximum and minimum 
travel of essential working parts, and all special fixtures or 
attachments. The price of the bare machine appears as a sepa- 
rate item, all attachments, special fixtures, motors and control, 
ete. having their prices entered as extras. On the face of the 
card, besides the above information, is given the catalog number 
of the tool, date of purchase, name of manufacturer, and selling 
agent, if any, and its location in the plant. On the reverse 
side is noted all repairs or alterations made, giving date, nature 
of repairs, and cost. This information is of value in determining 
whether there is inherent weakness in the design of the machine, 
shown by the breaking of the same part several times. If the 
tool is not suitable for the work that it is performing, frequent 
repairs will be necessary. The second also indicates the extent 
of the abuse or the lack of proper care which the machine receives. 

Every year a new depreciated value is entered on the record 
card, the rate of depreciation being governed by the class of 
tool (whether lathe, planer, drill press, punch, hydraulic press, 
étc.); by size (for example, small lathes are given a higher rate 
of depreciation than large ones); by location in the shop (tool- 
room lathes having a lower depreciation rate than production 
lathes, ete.); by obsolescence (change of methods of manufacture 
being more likely to affect certain classes of special tools than 
others). 

The foreman of the department in which the machine is 
installed is responsible for its mechanical operation and up- 
keep, and for the instruction of the operator in its use. Par- 
ticular attention is paid to lubrication; an automatic oiling sys- 
tem operating from a central tank on each tool is installed where- 
ever possible, eliminating individual oil cups. Instructions are 
issued indicating the proper grade of lubricant to be used for 
each particular service, and attention is called to parts requiring 
grease lubrication under pressure. 

The care of belting, renewal, proper tension, etc. is attended 
to by an expert gang in each department. 

Repairs are undertaken at the direction of the foreman with 
the approval of the superintendent or general foreman of the 
department where the machine is located. Minor repairs or 
emergency breakdowns are taken care of by the tool-repair 
gang of the department. Major repairs are made by a separate 
department, equipped for this class of work. Repairs of this 
nature are only undertaken after a close estimate of the cost 
shows a good margin below the cost of a new tool. The depre- 
ciated value of the tool and obsolescence are factors in the de- 
cision for or against repairs. 

Chucks, taper attachments, relieving attachments, collets, 
etc. and all replacements are handled by a central and s*parate 
small-tool department. Cold saws, milling cutters, grinding 
wheels, drills, reamers, arbors, etc. and all hand tools—hammers, 
wrenches, files—are also handled by this department. Data 
concerning their life and fitness are kept, and future requirements 
filled from those showing the best results. 

All cutting tools for lathes, planers, millers, etc. are supplied 
by the small-tool department, which selects the proper tool steel, 
unless this is specifically designated on the requisition; it forges 
or constructs the cutters and grinds them for service, subsequent 
grinding or sharpening being done by the toolroom of the section 


operating the machine. The use of specially shaped cutting 
tools is discouraged. Facsimiles of standardized tools are 
exhibited in conspicuous places, each sample being uniformly 
numbered, and the operators make request for new tools in ac- 
cordance with these numbers, no other shapes being furnished 
without very sufficient reasons. 

All tools, lathe, planer, milling cutters, broaches, and drills 
are ground to exact contours by machine, in the various tool- 
rooms, and other than rubbing up or dressing the cutting edges, 
workmen are cautioned against further grinding or shaping 
their tools by hand. 

The small-tool department is also responsible for gages ani 
measuring devices of all descriptions. This department no 
only furnishes the gage called for (being responsible for its 
accuracy), but also by weekly inspection checks each gage either 
by direct remeasurement or by comparison with master gages. 


DEPARTMENT OF Power, Heat, AND LiGcur 


Electrical apparatus, ovens, and furnaces come under tli> 
department of power, heat, and light. This department is 
divided into two sections, one electrical, the other mechanical, 
with the heads of these separate divisions reporting to one super- 
intendent. who is held responsible for the operation of both. 
The electrical division has charge of the selection, installation, 
and upkeep of all motors, generators, and controlling devices, 
and of all wiring, including transformers, throughout the plant. 
It will make all running and emergency repairs, replacing bear- 
ings, removing and replacing armatures and rotors, defective 
coils, contactors, fingers, and solenoids in controllers, brakes, 


etc. All lamps and fixtures, their installation and upkeep both 
in office buildings and shops, are under the care of this division 
The care and operation of the electrical features of the shop 


electric plant are under the direction of this division, and it is 
responsible for furnishing all current to the plant. 

The steam engineer in charge of the mechanical features 
has direct control of all power plants (exclusive of electrical 
appliances). 

The selection, location, and installation of boilers, stokers, 
feedwater heaters, pumps, blowers, exhausters, compress rs, 
steam engines, and turbines and all coal-handling machinery 
and coal storage are directly under him. He is responsible for 
all alterations and repairs made to this equipment. 

All piping throughout the plant—steam, water, air, and gas—is 
installed and kept up by him. He also is in charge of the design, 
installation, and repairs of furnaces, ovens, and fuel-oil sys'ems. 
Heating systems are also under his jurisdiction. 


Die, PaTrerRN, AND JIG Work 


One of the most important operations in a large plant, and 
one in which, next to machine tools, the greatest expenditure 
is made, is die, jig, and pattern work. Because of the nature 
of this branch of construction, it is centralized in separate de- 
partments, supervised by men who have specialized in this 
particular class of work and are familiar with the operation of 
dies for drawing, forming, and punching the various metals; 
molds suited to the several compounds molded; their proper 
proportioning and strength and the correct steel to use for the 
block, together with the best heat treatment to use. The 
storage of dies is an important consideration. A fireproof, 
heated building centrally located, is provided having crane 
facilities for handling the heaviest dies. All dies are inspected 
and put in first-class condition before being returned to this 
building. 

TRANSPORTATION 


Another department having a marked influence on cost of 
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plant maintenance is that of transportation: receiving material, 
movement of material and semi-finished parts from one de- 
partment to another, movement of material within shop build- 
ings, and shipping the finished product. Material is necessarily 
received and products shipped in broad-gage cars, therefore a 
system of standard-gage tracks is needed not only to the main 
receiving and shipping departments but to each shop, to save 
the labor of transfer of the bulkier and heavier material to the 
shop transportation lines. 

For movement of material between shops a narrow-gage 
railroad seems to be the best solution of the problem, rather 
than a gas or electric tractor with trailers. Larger and heavier 
joads can be handled by one tractor and cars on a track, and 
cars be shunted into buildings, not pulled, conserving aisle 
space. 

For transporting smaller loads of lighter material both between 
departments and from floor to floor in buildings, the electric 
truck, with and without lifting and tiering devices, and the 
tractor and trailer is the most mobile and also the cheapest unit. 

Sarety Devices 

Safety is handled by a separate department whose duty it is 
to see that the state industrial code is complied with in all cases, 
and that regular inspections are made of cranes, crane slings, 
elevators, elevator shafts, steam boilers, etc. 

All new and relocated machine tools must be appraised by 
this department as to safety appliances before they are regularly 
operated. In each shop safety committees are appointed from 
among the employees, and their duty is to make suggestions to 
the safety department covering accident prevention and safety 
regulations and appliances. 

Fire-protection apparatus and fire prevention are under the 
care of a fire department, which makes daily inspections through- 
out the plant, covering fire hydrants, hose, sprinkler systems, 
water buckets and extinguishers. It is responsible for the 
installation of all fire-protection apparatus and appliances. 


Plant Maintenance and Return on 
Capital Investment 
By W. H. CHAPMAN,’ HARRISON, N. J. 


HIS paper is intended to serve as an expression of the 

author's opinions upon the subject of general plant main- 
tenance viewed from the standpoint of obtaining the greatest 
possible return for expenditures which may be considered as 
chargeable to maintenance items. 

Each plant must, of course, be considered according to condi- 
tions which exist due to the nature of product manufactured, 
plant layout, organization, and its financial structure. The 
management must become thoroughly acquainted with its 
maintenance problems through careful analysis of the various 
phases and establish certain policies pertaining to the accom- 
plishment of the physical work, as well as the proper distribution 
of expenditures. 

Efficient organization of personnel involved, with clean-cut 
placing of responsibility, is paramount. Equally important is 
4 clear understanding of accounting problems. Without an 
accurate picture of the effect of maintenance upon his financial 
structure, a manager cannot hope for efficient maintenance 
control, 

DEFINITION OF PLANT MAINTENANCE 


Plant maintenance, as treated in this paper, is defined as 


* Assoc-Mem. A.S.M.E. 


MACHINE-SHOP PRACTICE 


money expended over a given period of time for the sole purpose 
of maintaining a manufacturing physical structure at a point of 
operating efficiency that will permit the operating personnel to 


meet existing set standards of production performance. 


This definition assumes that standardization of equipment and 
labor performance exists, consistent with expected rates of pro- 
duction and degrees of precision in manufacture, so that factory 
costs of manufactured articles have been accurately deter- 


mined. 


Any changes in equipment, instituted for the purpose of 
changing existing standards (whether due to changes in product 
design or methods of manufacture), are not classed as main- 
tenance items. These are development items involving capital 


expenditures and are brought about for reasons of sales policy, 
quality of product, or an opportunity to increase return upon 
investment by cheaper methods of manufacture. 


GENERAL-MAINTENANCE ITEMS 
General-maintenance items include the maintenance of 


1 Buildings and grounds 

2 Power-supply equipment 

3 Machine-tool equipment 

4 Processing equipment 

5 Tools (perishable and permanent) 

6 Materials-handling and storage equipment 
Power transmission 

8 Furniture and fixtures (office equipment) 

9 Laboratory and experimental development equipment 
10 Expense stores maintenance supplies 

11 Heat-treating equipment 

12 Fire-prevention and safety equipment. 


Each plant has maintenance problems peculiar to itself, but 
for the average concern engaged in fabricating the more common 
engineering materials, the above classification is suggested. 


ACCOUNTING Practice IN DISTRIBUTION OF MAINTENANCE 
EXPENSE AND Errect UPON INVESTED CAPITAL 


The gage of success of a business enterprise may be expressed 
in terms of percentage of net return upon invested capital. 
The amount of invested capital will fluctuate, and the most 
important problem faced by management is the control of the 
organization so as to obtain a satisfactory net return under the 
varying business conditions which may occur. Viewed broadly, 
it is important to regard expenditures from the standpoint of 
their effect upon this return on investment, in order that policies 
laid down to the responsible working personnel may be con- 
structively interpreted and controlled. 

It is important to recognize the effect of accounting distri- 
bution of maintenance items upon net return. In most lines 
of business there is a considerable variety of product in process 
in the factory at all times. It is usually true that parts which 
are being made in large quantities, and therefore permit the 
development of the cheapest manufacturing costs, are also 
subjected to the greatest competition and, therefore, show the 
smallest margin of profit, per piece, in a competitive market. 
Lines which are more or less special, or entail proportionately 
large manufacturing expenditures to produce, may in themselves 
create excessive maintenance burden. In the distribution of 
this burden against the various manufacturing departments, 
it may be readily seen that policy must be determined through 
the effect upon selling prices of various items, and the knowledge 
of the effect of these prices upon the profits of the business as 
a whole. Factory costs are usually the basis of arriving at 
selling prices. A very large percentage of the item of factory 
cost is made up of burden items, of which maintenance items 


MSP-50-3 19 


Te 
| 
| 
> 
3 
52 
ati 


20 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


are usually of considerable magnitude. In allocating burden 
centers for distributing expense items, it is important to con- 
sider not only the nature of equipment and operations involved, 
but also the variety of size and shape of product reflected in 
the relative amount of physical effort and expense required for 
each one of the various items. It may be desirable to create 
separate burden centers in the same manufacturing department, 
to enable differentiation between pé6pular sizes and more or 
less special sizes and to prevent over-absorption of burden by 
the popular sizes which are subjected to the closest competition 
in the selling field. 

It may also develop that certain sizes of product require 
special methods or equipment peculiar to themselves, which 
create costs not logically chargeable to the remainder of the 
product. Close study of such a situation will probably indicate 
the advisability of creating separate burden centers for the 
purpose of collecting created expense items and charging them 
against the product responsible; thereby insuring a more ac- 
curate basis for determining a logical selling price, and saving 
the more popular product items from burden inflation. 

On the other hand, a concern may be fortunate enough to 
obtain a market for a large volume of sales involving an item 
which it can manufacture to extreme advantage, and which 
may then serve to absorb burden and permit reductions in 
selling prices on other items which otherwise would be handi- 
capped in the competitive field. The successful manager will 
have his selling data and factory cost data well enough in hand 
to be able to set his policies for the guidance of his accounting 
department so that burden may be distributed logically to pro- 
duce the desired effect. 


BUILDINGS AND GROUNDS 


The expense of maintaining buildings and grounds includes 
such items as painting, roofing, repairs to masonry, floors, 
windows, fences, street pavements, curbing, sidewalks, lawns 
and gardens, trackage, platforms, ete. Lighting, plumbing, 
and heat equipment not involved in manufacturing processing, 
are also included from the accounting standpoint under build- 
ings, to be distributed over the various burden centers. 

The distribution of the above items should logically be upon 
the basis of floor space and the following method is suggested: 
Post all charges for the period covered (say, one month) and 
obtain the total maintenance expense represented by labor, 
supervision, material, etc. Obtain the percentage of floor 
space occupied by each burden center relative to the total 
floor space occupied by direct manufacturing activities. Multi- 
ply the total maintenance expense by each percentage and charge 
its proper proportion against each burden center. Each burden 
center is considered a tenant in the building which must be 
supported by the sum total of the producing burden centers, 
and expenses of building maintenance are equitably distributed 
upon the basis of space occupied. Non-productive departments 
are absorbed as a total, and distributed among the “paying 


tenants,”’ 
Power-SuppLy EQUIPMENT 


Power-supply equipment refers to power house and the general 
transmission of power not properly contained within any pai- 
ticular producing department, and comprises electrical, pipe- 
line, and power-generating equipment. It also includes mate- 
rials-handling and storage equipment used for the purpose 
of fuel supply, ashes, etc. It is suggested that total maintenance 
charges of this class be distributed upon the basis of the per- 
centage of total power used by each producing burden center. 
This is determined by electric, gas, steam, and water meters in 
each burden center. 


EquipMENT 


Maintenance of manufacturing machine-tool equipment 
accrues against the particular burden center involved, depending 
upon the amount of service expense required, and becomes a 
direct-expense charge for each burden center. Similar equip- 
ment located in service departments, such as tool rooms, ma- 
chine shops, ete. is maintained as a part of the regular service 
expense, which is prorated over the producing burden centers 
in proportion to service work rendered. It may be considered 
as a part of the burden of service departments whose total ex- 
penses become absorbed through prorating among producing 
burden centers on the standard labor-hour basis. 


ProcessInag EQquIPMENT 


Processing equipment refers to cleaning, plating, painting 
oiling, and similar equipment. Maintenance of these items 
should be handled, and expense distributed, in the same manner 
as outlined for machine-tool equipment. Each burden center 
is directly charged for service rendered, including repairs to 
accessory equipment, such as pipe lines, pyrometers, storage 
and pumping systems, etc. which have been definitely allocated 
to individual burden centers under the plant layout. 


PERISHABLE AND PERMANENT TOOLS 


Perishable and permanent tools are chargeable directly to 
the burden centers in which they are consumed or used. _Perish- 
able tools are both repaired and replaced at frequent intervals 
and may be charged to maintenance accounts unless replaced 
due to changes in design or methods of manufacture. Per- 
manent tools are maintained and charged directly, as repairs 
are made, to maintenance accounts, except when replaced due 
to obsolescence. These items usually represent heavy expendi- 
tures and require close supervision and control. The record of 
their performance as indicated by a system of detailed repair- 
order cards is of extreme importance in the appraisal of their 
value by interested executives, and also in forecasting probable 
requirements for the control of a large part of expense stores 
investment. The keeping of such records will be more fully 


discussed in a following paragraph. 
MATERIALS-HANDLING AND STORAGE EQuIPMENT 


Railway equipment, automobiles, motor trucks, conveyors, 
cranes, inside trucks, “tote’’ pans and platforms, bins, scales, 
stock racks, ete. are included. Due to the interdepartmental 
transfer aspect of a great many of these items, direct-burden- 
center charges appear impracticable, and all repairs over a given 
period are lumped, and distributed upon the basis of the ratio 
of actual productive-labor man-hours occurring for the period 
in a particular burden center, to the total productive-labor 
man-hours for all of the producing burden centers during the 


same period, 
PowER-TRANSMISSION EQUIPMENT 


Power-transmission equipment refers to motors, electric lines, 
fuses, switches, starters, etc., pipe lines for water, gas, oil, steam; 
etc. leading from sources outside of the burden centers served, 
belts, pulleys, clutches, shafting, hangers and bearings, and 
similar miscellaneous equipment. All repairs or replacements 
of such equipment (except due to change of design or plant 
rearrangement) are chargeable directly to the burden center 
served. Maintenance of this nature is always a large item, and 
here again the value of accurate repair-order records will be 
found of great value to the organization. The determination of 
relative economy of performance of belts, hanger bearings, 
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clutches, motors, ete. will far more than repay the cost of ob- 
taining the data. 


FURNITURE AND FIxTrures AND OFFIce EQuIPMENT 


When located in a producing burden center, maintenance of 
furniture and fixtures is charged direct. For non-productive 
departments, total maintenance is lumped, and distributed 
against the burden centers on the standard labor man-hour 
basis. Office equipment refers only to that chargeable to 
manufacturing administration and does not include sales. 


LABORATORY AND EXPERIMENTAL-DEVELOPMENT EQUIPMENT 


Repairs of all kinds to laboratory and experimental-develop- 
ment equipment are lumped and distributed over producing 
burden centers as a part of the general plant overhead, upon 
the basis of labor man-hour percentage for each burden center. 


EXPENSE Stores MAINTENANCE MATERIAL 


Certain items carried in expense stores are drawn out as needed 
and used in repair and maintenance work. When this occurs, 
the value of the material requisitioned and delivered is indicated 
upon the repair order and is thereby transferred from capital 
investment to works expense as explained in a following para- 
graph. 

Heat-TREATING EQUIPMENT 

It is suggested that these items be accounted for in the same 

manner aS processing equipment. 


FireE-PREVENTION AND SAFETY EQUIPMENT 


Fire-prevention and safet y-equipment expenses are distributed 
upon the floor space or ‘“‘tenant”’ basis over the producing burden 
centers, as was suggested for “buildings and grounds” items. 
This refers only to repairs or replacements for the purpose of 
maintaining this equipment in first-class operating condition. 
Recharging of chemical extinguishers, ete. would fall under 
this class of maintenance. 


The above indicates in a general way the suggestions offered 
for controlling the expense of handling maintenance work so 
that the costs involved may be readily studied and be properly 
posted by the accounting department in making up cost data 
for determining a proper basis for calculating selling prices. 
Where part of the product does not make use of certain of the 
burden centers, it is relieved of the proportionate burden which 
might otherwise accrue against it under other methods of cost 
distribution. A chance for flexibility in determination of factory 
costs of individual items presents itself without the danger of 
unknown or unexpected losses occurring due to unabsorbed 
burden created by maintenance items. The usual magnitude 
of these items makes for extreme importance in their intelligent 
control. 


PERSONNEL ORGANIZATION AND PuysicaL Layout to HaNpLe 
GENERAL PLANT MAINTENANCE 


The magnitude and ramifications of the personnel organization 
required to handle general maintenance work depend upon 
the size of the plant, the nature of the manufacturing processes, 
and the degree of precision to which machining operations are 
held. For large corporations having plants in several locations 
this organization may assume considerable proportions. For 
individual plants it is often remarkable how few people are 
required when properly organized and equipped to handle this 
Sort of work. Maintenance work requires the services of skilled 
workers who are specialists in each of a variety of trades. Me- 
chanics, tool makers, millwrights, riggers, electricians, plumbers, 


MACHINE-SHOP PRACTICE 


pipe fitters, tinsmiths, welders, blacksmiths, painters, carpenters, 
and laborers are all necessary. Many of these men are occupied 
at their trades within the plant on other than maintenance work 
for a great deal of the time, and for most plants a distinct main- 
tenance department, fully. manned, would not be economical. 
The handling of maintenance work under these circumstances 
is necessarily divided up among a number of departments which 
are not primarily created for maintenance work. The machine 
shop and tool rooms will have, however, a considerable part of 
their time taken up due to maintenance requirements in con- 
junction with the usual work done on new equipment, alterations, 


experimental tools, product development, etc. 


Executives responsible for maintenance work in the average 
plant should be chosen so that their part of maintenance is 
logically in line with their other duties. The following layout 


is suggested as suitable in the average case. 
1 Plant Engineer. 
Maintenance duties cover the following items: 


Buildings and grounds 
Power-supply equipment 
Processing equipment 
Materials-handling and storage equipment 
Power-transmission equipment. 
He will supervise: 
Safety engineering 
Watchmen 
Fire department 
Power house (electric, steam, gas, oil, and water) 
Electricians 
Plumbers and pipe fitters 
Millwrights, riggers, and belt men 
Outside transportation and storage systems 
Tinsmiths 
Masons 
General laborers. 


When the services of mechanics, carpenters, welders, etc. 
are required in conjunction with the above, they are requisitioned 
from their respective departments, and their part of the job is 
supervised by their regular foremen to the satisfaction of the 
plant engineer, who assumes final responsibility. 

2 Master Mechanic or Manufacturing-Equipment Engineer. 

Maintenance duties cover the following items: 


Manufacturing machine-tool equipment 

Perishable and permanent tool equipment 

Furniture and fixtures 

Laboratory and experimental development equipment. 


He will supervise: 
Machine shops and tool rooms 
Equipment-development work 
Machine and tool design 


Pattern and carpenter shop 
Standard methods and rate setting. 


Each of the above individuals reports to the works manager 
and is responsible to him for proper maintenance service to all 
departments. Maintenance work is therefore handled without 
the creation of special executives for the purpose, but with 
responsibility clearly defined. Furthermore, no production 
executives are troubled with having to supervise maintenance 
but can look for assistance from those who are logically in a 
position to give them the best possible service in maintaining 
an efficient production layout. 

It is felt that the above suggestions will prove of value to 
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management in the control of maintenance work for the following 
reasons: 

1 Clear-cut responsibility for this work, assigned to permit 
minimum personnel requirements. 

2 Accurate cost data available to serve as a guide to control 
expensive items of factory costs and permitting a flexibility of 
cost distribution to meet indicated sales resistance in a com- 
petitive field. 

3 A clear indication of effects of factory costs upon return 
on investment, and data from which close forecasting of future 
costs is possible; in other words, a gage of the probable health 
of the business. 

4 Maintenance experience is gained by those executives who 
also serve to determine manufacturing methods and equipment. 
This experience is therefore of utmost value in aiding arrival 
at the proper choice of these items and thereby obtaining the most 
suitable manufacturing layouts. 

It is realized that in many plants peculiar conditions are 
present which will require a different treatment of maintenance 
problems. However, it is hoped that by bringing the foregoing 
ideas up for thought and discussion, some benefits may accrue 
to those interested in this phase of plant management, and that 
executives will realize that the importance of maintenance work 
is more far-reaching than is ordinarily appreciated. 


HANDLING oF REPAIR ORDERS 


It is important that the organization be thoroughly schooled 
in the proper classification of maintenance work to prevent 
inflation of maintenance expense. It is very common to find 
expenses charged to maintenance accounts which in reality 
are created by activities of a development nature (or else so-called 
“Government jobs’’) and which, from an accounting standpoint, 
should be set up as capital items and not as increases to works 
expense. 

No system of authorizing and recording maintenance ac- 
tivities can be devised to overcome the misdeeds of persons who 
knowingly permit wrongful charging of time and materials. 
Only by intelligent appreciation of the detrimental effect of 
such practices can they be reduced to a minimum. Any re- 
sponsible foreman must be as thoroughly alive to this fact as 
to the importance of the proper handling of his major production 
problems. 

It is the author’s opinion that the very foundation of successful 
maintenance-expense control lies in the success of the manage- 
ment in gaining full codperation of production executives along 
these lines. 

The control of repair orders in service departments must be 
handled with extreme care to prevent abuses and excesses of 
various sorts which are apt to be charged to orders for main- 
tenance work. It is the author’s opinion that it pays to expend 
sufficient clerical effort upon this class of orders to insure the 
keeping of accurate records of the nature and extent of each 
job; also to disseminate the data collected to interested executives 
as an important means of checking unnecessary expenditures, 
and to check the performances of both operators and equipment. 
Many sore spots in equipment or in methods of operation are 
clearly indicated by such records. They serve as valuable 
indexes when replacement of equipment is under consideration. 
Standing repair orders of a general nature, which fail to record 
accurate data regarding maintenance expenditures, frequently 
serve to cover up numerous activities which would not otherwise 
be authorized and are of questionable advantage to the con- 
cern. 

When materials are requisitioned from expense stores for 
maintenance purposes they represent a transfer (from an ac- 
counting standpoint) from invested capital, indicated by their 


purchase price, to an expenditure chargeable to works expense. 
In other words, invested capital is reduced by an amount which 
is entered as a charge deductible from profits or net return upon 
invested capital. A close control of inventories represented by 
such materials is essential in order to keep down investment 
upon which a satisfactory return must be made. Here again 
the data obtained from specific repair orders can serve an ex- 
tremely useful purpose. By the use of suitably printed cards 
which are punched in designated spaces, the necessary data 
may be quickly indicated and the cards later sorted by machine 
so as to keep such records without excessive clerical cost. This 
system is commonly used in a variety of ways, and involves 
very little outlay to be put into satisfactory operation. 


SuMMARY 


In the foregoing paragraphs the author has attempted to 
point out policies which apply to the average case without going 
into details. Details must of necessity apply to more or less 
individual plant layouts. It is felt that an organization which 
thoroughly appreciates the need for regarding the manufacturing 
plant as a financial institution attempting to earn the greatest 
possible return upon its invested capital, will be capable of 
working out necessary details along the lines of the general 
policies indicated. It is the lack of knowledge of such policies 
which handicaps many otherwise efficient engineers and _ pro- 
duction men, and causes the introduction of personal ideas that 
are often sincerely believed to be helpful, but which may be 
detrimental to the main object of the plant as a whole. 

Because of the custom of gaging the success of business enter- 
prise in terms of percentage return per annum on invested capital, 
and regarding capital as money borrowed at a rate of 6 per cent 
per annum, the following example may be of some value in 
stressing the need for proper understanding in handling main- 
tenance expense items. 

Assume that a concern at the close of a year’s business is 
capitalized at $1,000,000. Operating expenses have bee 

2,000,000, and net profits from sales have been $300,000. The 


year’s business has then shown a 30 per cent return on the invest- 
ment, or a 24 per cent return after deducting 6 per cent interest on 
the capital investment. If, during the year there have been alters- 
tions to machines which have improved operating conditions, 


and, say, $100,000 has been spent to accomplish this but charges 
against repair orders, then this $100,000 has been charged t 
works expense rather than to new capital, and net profits hav 
suffered by this amount while invested capital has not increased 

If the expense had been properly accounted for, the firn 
would have borrowed working capital of an additional $110,00, 
making the following showing: 


Invested capital. .... $1,100,000 
Operating expenses. . . 1,900,000 
Net profits....... 400,000 


Return on investment, 36.36 per cent, or 30.36 
per cent after deducting 6 per cent for interest on 
invested capital. 


The above figures are not intended to be accurate but 
serve only to indicate the nature of the problem which mus 
be kept in mind by all concerned, so that the best possible shows 
may be obtained. 

It is not intended to give the impression that it pays to inflate 
capital investment, as this should be kept to a minimum, & 
pecially through controlling inventories, but it will serve © 
show the care necessary so that the annual balance sheet ™8) 
reflect the best possible condition from a financial standpoi0' 
and thereby best serve the interests of the stockholders. 
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MACHINE-SHOP PRACTICE 


Maintenance of Shop Equipment 
By J. R. WEAVER,‘ EAST PITTSBURGH, PA. 


T THE main works of the Westinghouse Electric & Mfg. 
A Co. at East Pittsburgh, Pa., there is a large amount 

of equipment which must be properly maintained. To 
do this arrangements have been made to keep it in working con- 
dition at all times instead of waiting until a machine breaks down 
or requires a complete overhauling. In this way manufacturing 
is carried on with very little interference and without the 
necessity of having duplicate equipment to take care of shut- 
downs due to repairs. The organization which is charged with 
equipment maintenance is described in this paper. 


CuEecKING Up on THE MacuIne 


Each department has a tool supervisor who reports directly 
to the superintendent of that department and indirectly to the 
superintendent of the equipment department. The tool super- 
visor is the mechanical man in the department in which he is 
located and is responsible in all respects for the tools and equip- 
ment over which he has jurisdiction. He must see to it that he 
obtains the right machine tools for the job and that the machines 
are properly tooled. He must see that the machine tools and 
fixtures are properly maintained. We have about fifteen tool 
supervisors in the East Pittsburgh works. 

In addition to the tool supervisors we have a force of machine- 
tool demonstrators. There are about fifteen demonstrators 
in the East Pittsburgh works and they report to the superin- 
tendent of equipment. These men are specialists in that each 
is trained to cover just one kind of machine tool; one man is 
trained on grinders, another on milling machines, ete. These 
men are responsible for proper selection, maintenance, and oper- 
ating conditions for their particular kind of machine tool through- 
out the entire shop. Twice a month the demonstrators inspect 
machine tools throughout the shop for cleanliness and need for 
repair. In this way it is possible, to a very great extent, to 
locate machines that are in need of repairs and to correct them 
before a serious breakdown occurs. 

The foremen and assistant foremen of the various departments 
are naturally interested in keeping their machines in good repair 
at all times, and they also help to keep the tool supervisors and 
demonstrators informed as to the condition of the machine tools 
in their departments. 


A Specitat Repair DEPARTMENT 


The methods of locating machine tools that are in need of 
repair have been pointed out. To make these repairs there is 
a repair department thoroughly equipped for repairing all 
kinds and sizes of machines that are used in the shop. This 
department is in charge of a superintendent who reports 
directly to the works manager. It is divided into several sections 
in order to facilitate the work that is to be done in it. 

A machining section is provided in this repair department 
to take care of any machining that it may be necessary to do. 
A variety of machine tools makes this department largely self- 
sufficient, and only in case the work is very large is it necessary 
to send it out of this department. In such cases the work is 
done in the large-machining aisle. 

The assembling section of the repair department is equipped 
So that, if necessary, a machine tool can be completely rebuilt. 
In this department special machine tools which cannot be bought 
in the open market are also built. 


‘ Assistant Superintendent, Equipment Department, Westing- 
house Electric & Mfg. Co. Assoc-Mem. A.S.M.E. 
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The field section is composed of a number of men scattered 
throughout the various production departments in the shop, 
who make minor repairs and attend to any trouble jobs that 
may develop. This has helped to a great extent in keeping the 
machine tools in operating condition, and only in cases of serious 
breakdown is it necessary for the field section to send the ma- 
chine tool to the repair department. 


Cost Recorps 


An accurate record is kept of the cost of repairs. This is 
done through a system which compels the repair man to report 
the time spent on the repair job. All machine tools are num- 
bered, and the repair cost is recorded against the machine-tool 
number. A permanent record is kept of the cost of repairs 
to the machine tools. At the end of each month a report is 
sent to each superintendent in the shop giving him the cost of 
repairs to his equipment during the preceding month. This 
report shows whether the repair was made necessary by exces- 
sive wear, accident, or negligence. The superintendent can 
then investigate and correct whatever may have been responsible 
for the breakdown. By the use of this permanent record it 
is also easier to decide when a machine tool should be replaced 
due to the excessive cost of upkeep. 

Sarety Devices 

A safety-application department is also maintained by the 
repair department for the purpose of properly guarding all 
machine tools. Up to the present time this department has 
very thoroughly canvassed the shop and has applied guards to 
prevent accidents. All new equipment, as it is received, is 
checked by this department, and if it is not properly guarded 
the manufacturer is notified and a proper guard is applied before 
the machine is actually put into operation. 

Through the efforts of this department in conjunction with 
the safety department it has been possible to reduce lost-time 
accidents from 140 per month in the year 1924 to 54 per 
month in the year 1926. In fact it is found that most acci- 
dents at the present time are not due to machine tools but 
to the carelessness of the workman in handling material. There 
are more accidents due to the accidental dropping of material 
than to improperly guarded machine tools. 

There are very few breakdowns due to the dropping of a 
wrench or other material into the working mechanism of a 
machine tool. This has been prevented by proper guarding. 


REPLACEMENT 


Every three months a survey is made of the shop for the 
purpose of replacing equipment that is worn beyond repair. 
The tool supervisors request each replacement on a form called 
“request for equipment.’’ On this request is given the reason 
for replacing the old machine tool, the repair-department records 
being used to show the cost of maintenance. At this same time, 
of course, there is also requested new equipment that is neces- 
sary because of improvements in the design of machine tools 
which make replacement advisable. 


VALUE oF Recorps TO Macuine-Toou BuILDERS 


The complete and accurate records which have been kept 
at the Westinghouse works have been of great advantage to 


machine-tool manufacturers. In several cases where trouble 
has developed shortly after the machine tools were received 
the manufacturer has been notified and given a detailed report 
as to just what trouble was experienced and what was thought 
to be the probable cause and the cost. In this way the machine- 
tool manufacturer has been able to correct his design, if necessary, 
and avoid this trouble in other shops. 
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WEEKLY INSPECTION 

As mentioned before, a semi-monthly inspection is made of 
all machine tools for cleanliness, proper oiling, and the need of 
repair. This inspection is made primarily for cleanliness and 
is usually held on Saturday afternoon after the shop has closed 
down for the week. All machine tools which are not properly 
cleaned or which are untidy in any respect are reported to the 
superintendent of that department and to the works manager. 

By keeping the machine tools clean, we have reduced our 
maintenance cost and have added greatly to the appearance 
of the various departments. The weekly inspections have 
also instilled the idea of cleanliness throughout the entire shop 
and have resulted in proper cleaning and painting of the de- 
partments and also the proper arranging of material. The 
results of the maintenance system have been lower maintenance 
costs, less interference with production, and fewer accidents. 


Maintenance of Machine Equipment 
at the National Cash Register 
Company’s Plant 


By WM. HARTMAN,* DAYTON, OHIO 


\ AINTENANCE work at the plant of National Cash 
Register Company is divided into three classes: 


1 General factory maintenance 
2 Tool maintenance 
3  Machine-equipment maintenance. 


This paper takes up briefly the third class, machine mainte- 
nance work. 

Following the company’s general practice of specialization, 
this work is divided between four departments, each handling 
their own particular branch of work. 

1 The general machine department repairs and rebuilds all 
machines, and takes care of all general machine-shop jobbing 
work. 

2 The electrical department inspects and repairs all motors, 
wiring connections, and other electrical devices. 

3 The millwright department inspects, installs, and repairs 
overhead work (countershafts, lineshafts, main drives, etc.) 
and belting. This department also moves all machinery. 

4 The purchasing department codperates with the above 
departments in securing the necessary replacement parts and 
furnishing up-to-date prices on new equipment when there is 
a question of whether to repair or replace. 

There is no one department responsible for the condition 
of machinery in this plant. Each production foreman is held 
strictly accountable for keeping his machinery in first-class 
shape. All orders for repair work on machinery originate in 
the production departments and bear the foreman’s signature. 
In order to keep a responsible check on this work these orders 
are approved by the division supervisor and general super- 
intendent. Each order bears an order number, and costs are 
kept on this work by the comptroller’s department through 
time cards turned in by the mechanics. 

There is no budgeting of repairs in this plant because, due to 
the closeness of the work, machinery must be kept in perfect 
condition and it is felt that a budget would tend to keep a ma- 
chine in use longer than its mechanical condition might warrant, 
resulting in bad work and dangerous conditions for the operators. 

The necessity of repairs is determined by the foreman and 
his assistants in two ways: (1) A regular inspection of certain 


* National Cash Register Company. 


types of machinery, deemed particularly important or dangerous, 
and (2) by continual daily inspection and observation on the 
part of the foreman, job foreman, job setter, and operator on 
all types of general manufacturing equipment. 


MacuHINE INSPECTION AND REPAIR 


The machines covered by regular monthly inspection include 
punch presses, commissary equipment, scales, and certain types 
of special machinery. These machines require the attention 
of experts to keep them in working order and in some cases 
would cause a serious accident or tie-up in the production 
schedule in case of unwarned-of breakage. Where possible, 
a machine of this type needing repairs is run overtime. The 
increase in production thus gained allows the machine to be 
shut down for the necessary repairs. Where this is not possible, 
as in power-house equipment, the repair work is done during 
overtime. 

The monthly inspection of punch presses, because of their 
dangerous nature, consists of a general inspection of the machines 
and a detailed inspection of all wearing parts which might cause 
an accident, such as clutch blocks, trips, clutch plungers, and 
springs. Any unusual noise or sluggish movement of parts is 
immediately reported to the foreman and the machine is shut 
down. A mechanic, who is a member of the general machine 
department, is stationed in this department and is always avail- 
able for running repairs on this type of machinery. If the 
condition of the machine warrants it, the machine is taken out 
of commission and either sent to the general machine department 
or, in the case of a very large machine, is repaired on its own 
foundation. 

Machinery covered by the second class of inspection consists 
of screw machines, mills, drill presses, lathes, etc. which are con- 
stantly being watched by every one who comes in contact with 
them and are repaired whenever they require it. Their work 
is transferred to other machines of the same type while they 
are out of service. 

Because of the large number of screw machines in use in this 
plant and the complicated nature of such machines, a compara- 
tively large assortment of replacement parts is carried in stock. 
The particular parts and quantities carried have been determined 
by past experiences. Extra spindles of Brown & Sharpe ma- 
chines are always on hand, and as soon as one requires attention 
it is sent to the general machine department for repairs, an extra 
spindle is substituted, and the machine is put into service again 
at once. Standard sizes have been established for reground 
spindles, and bronze bearings are carried for each size so that 
when substituting a repaired spindle the proper size of bearing 
is always available. This same idea is carried out wherever 
the nature of the machinery requires it. 

When machines are sent to the general machine department 
for repairs due to wear, they are inspected for the cause of wear 
and the weakness is remedied and the errors due to wear correct e 
If this is not done experience has shown that the same machine 
may be back for repairs in a short time. It is sometimes neces- 
sary to substitute a different kind of bearing such as bronze 
instead of babbitt or even a ball bearing at times. A bearing 
may wear too much on one side. Replacement may get the 
machine into service again, but the way to keep it in service 
may be to provide a better support for the bearing or to make it 
longer. The aim is always to make the repaired machines 4 
strong as possible in the known weak places. Where parts 
cannot be strengthened by better design, due to the conditions 
in the machine, an effort is made to produce the part in a stronger 
material. For instance, cast-iron dog carriers used on a certain 
type of machine are replaced by cast-steel parts whenever one 
is sent in broken. They last much longer and save their cost 
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many times over in production time. Repair parts which do 
not show marked weakness in design are purchased whenever 
it is cheaper to buy them than to make them. 

When, in his survey, either the production foreman or the 
general-machine-department foreman find that the cost of re- 
pairs is excessive, they recommend to their supervisor that the 
machine be abandoned and a new one purchased to take its 
place. 

This plant has an annual two weeks’ vacation, during which 
period the entire production is shut down. This period is 
utilized to give all machines which run continuously a thorough 
inspection by the general-machine-department mechanics, and 
all parts which show signs of wear are replaced. Some time 
before vacation a survey is made of all departments, and ma- 
chines which are known to need repairs are listed. This enables 
the machinists to do considerable preliminary work in advance. 
A great deal of power-house repair work is done during this 


period 
LUBRICATION 


One of the least expensive things that can be used in a machine 

It is very important that all machines be oiled 
Each operator is responsible for the oiling of his 
own machine. If he is a new man or an old man being placed 
on a new machine, he is first given thorough instruction in oiling 
and his machine is inspected by his job foreman for a few weeks, 
to see that it is taken care of properly. Extra-large oil cups are 
provided and, where practical, automatic oilers are installed. 
With the grade of operators employed by the company, ex- 
perience has shown that in place of neglecting to oil, there is 
However, it is better to have 


shop 1s oul. 
regularly. 


a tendency to use too much oil. 
this condition than not enough. 

This method of oiling machines is in use in most departments 
where an operator is on one machine only. His responsibility 
is easily fixed. In a few departments where different machines 
may be used by many men in the course of a year and where 
work is of a very accurate nature, such as for instance the tool- 
making department, it has been found best to have an experi- 
enced man devote his entire time to the oiling of machines. 

All overhead work is oiled by regular men from the mill- 
wright department. Except in special cases, countershafts 
are oiled twice a week while lineshafts, due to roller bearings, 
are oiled once every two weeks. At one time electric motors 
were oiled by aman from the electrical department, but at present 
the regular oiler takes care of this work. If there is too much 
or not enough oil used the man who inspects each motor daily 
calls this to the oiler’s attention. 


ELectricAL DEPARTMENT 


The electrical department repairs all motors and electrical 
work and specifies all new equipment, thereby maintaining equip- 
ment standard and lessening the amount of maintenance work 
in the future. Emergency repairmen have stations in different 
places throughout the plant to take care of small repair work. 

There are approximately fifteen hundred motors in use, and 
an average of one hundred are rewound each year. Motor 
equipment is held down to as few sizes and types as possible, 
and in most cases there is a spare motor in stock for each ten 
to fifteen motors in operation. Should a motor break down 
there is on hand one to take its place. Where a special motor 
is hecessary on some important equipment which might tie up 
* production unit, there is a spare motor for each one in active 
use. Repairs are promptly made so that a re-occurrence of 
the breakdown can be quickly taken care of. Each motor is 
inspected once every day, and a thorough examination and 
tficiency test made once each month. 


MACHINE-SHOP PRACTICE 
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MILLWRIGHT DEPARTMENT 


The millwright department installs and maintains all counter- 
shafts, lineshafts, and belting, and furnishes oiling service and 
emergency belt-repair service. A telephone call brings an expert 
belt man on a small electric truck, equipped with a supply of 
belting and repair tools. All machine work on countershafting 
is done by the general machine department. 

The entire maintenance program of this plant is planned to 
strengthen the weak places before a breakdown occurs and when 
a breakdown is encountered, the cause as well as the damage 
is corrected. 


Maintenance of Shop Equipment 
By C. 8. GOTWALS,* PHILADELPHIA, PA. 
Vy ODERN industry demands that shop equipment be kept 


in good condition for operation, and keen competition re- 
quires that new equipment be purchased as soon as it will pay 
for itself in a reasonable length of time. 

For the greater number of productive machine tools a con- 
servative estimate of the rate of wear can be made so that repairs 
can be attended to when they cause the least amount of con- 
fusion in the shop. In the Hess-Bright shops repair expenses 
are budgeted and repairs are made when convenient, emergencies 
excepted. 

The departmental foreman and the accountant confer for the 
purpose of making this budget. The foreman knows approxi- 
mately the amount of money needed for repairs, while the ac- 
countant translates this figure into a percentage of the pro- 
ductive labor in that department. Thus the amount of money 
allowable for repairs as per the budget will depend upon how 
much productive labor is in the department. Realizing that 
a repair has to be made, the production manager and the chief 
of the repair gang confer, so that a definite understanding is 
made concerning the exact nature of the repair and the approxi- 
mate date when the machine will be back in production. 

The departmental foreman knows when the machines need 
repairs, mainly because of the inspection given them by the 
repair chief. The inspection of the machine tools takes place 
periodically, their condition being reported to the foreman. 
Thus repairs are predetermined and intelligently made. 

Whenever it is necessary to make repairs, the machine is 
taken down by the repair gang. The parts which have to be 
replaced are sketched by the drafting department, so that a 
permanent record is kept on file of that particular part. Many 
times when a machine has been taken down it is found that a 
slight alteration in the design of the part will increase its life. 
Other times a better grade of material is used in making the new 
part, thus tending to keep the machine in production longer. 
It has been found that it is desirable to replace worn cast-iron 
gears with steel gears, to replace plain bearings with ball bear- 
ings, to use hardened steel instead of soft steel, etc. Quite 
frequently upon analyzing the cause of a repair it is found that 
the part in question was not properly lubricated. This part 
is then redesigned to give better service. 


LUBRICATION 


It has been found desirable in the case of large machine tools 
to put the lubrication of them under the supervision of the 
maintenance engineer. There are therefore men in the shop 
whose duty it is to see that the machines under their care are 
properly lubricated at all times. In this manner some cases 
have been discovered in which it was necessary to change the 


* Time Study Dept., Hess-Bright Mfg. Co. Mem. A.S.M.E. 
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nature of the lubricant, while in others it was necessary to change 
the construction of the lubricating system. In the case of the 
smaller machine tools, the individual operators are expected 
to oil each machine whenever it is started. The precaution 
has been taken of preventing dirt from getting into the bearing 
surfaces along with the oil wherever possible. This is usually 
accomplished by filtering the oil at the point of its entrance into 
the bearing surface. It is quite true that a great quantity of 
dirt can be found in the ordinary shop oil can, which is constantly 
being used wherever production machinery is kept in motion. 
By preventing this dirt from reaching those parts of the machine 
where it would do considerable damage, a substantial reduction 
in the repair bill has been made. 


Division oF RepatrR WorkK 


Wherever possible, repair work is subdivided into groups so 
that one repair man or group of repair men will work on the same 
or similar equipment constantly. Thus for large machine tools 
one man is directly responsible for their proper repair when they 
have to be taken down. In this manner he learns to know the 
weak parts of the machine and is thereby enabled to make sug- 
gestions for the strengthening of these parts. There are also 
chief repair men in several departments, who, working under 
the supervision of the general foremen, are responsible for the 
proper repair of the machines in their respective departments. 

The repair of grinding-wheel spindles has been specialized. 
That is, the spindle repair man works on nothing but spindles. 
There was a time not so long ago when each grinding machine 
was equipped with one plain-bearing spindle. Then, whenever 
it became necessary to “take up” the spindle the operator 
lost considerable time and a loss of production occurred. If 
this plain bearing had to be scraped, it of course took con- 
siderably longer. At the present time, however, these same 
grinders are equipped with ball-bearing spindles, and when it 
becomes necessary to adjust them, the spindle repair man 
immediately takes out the spindle that needs adjustment and 
replaces it at once with another spindle which has been adjusted 
in the spindle department. The spindle needing adjustment is 
then taken to the spindle department, where it is put into con- 
dition for operation. There are always enough spare spindles 
on hand, so that a machine operator loses a minimum amount 
of time and production when his spindle goes bad. 

There are also repair men who specialize on the repair of punch- 
press dies, and others who do nothing but repair forging-machine 
dies. These men keep a record of the total number of pieces 
produced from each die as well as the number produced after 
each repair. In this manner a record is kept of various makes of 
materials used in the manufacture of the dies, whereby it is 
possible to find the desirability of changing from one kind of 
material to another. 


REPLACEMENT Po.icy 


All of the foregoing concerning the repairs quite naturally 
leads to the question, When is it more economical to purchase 
new equipment than to repair the old? When the cost of repairs 
to any machine per year approaches 20 per cent of the cost of 
a new machine, new equipment is looked over. Or it may be 
found that the new machine, due to its improved design, will 
produce more or better work than the old, thus making a saving 
in labor. If the saving in labor plus the saving in the repair 
expense will pay for the new equipment in two years, it is con- 
sidered a sound investment. Before purchasing any new 
equipment, however, it is ascertained that the old machine 
cannot be improved nor altered to make it worth while to con- 
tinue to operate economically. Sometimes in this manner 
it is found that the possibilities of the old equipment have not 


been fully developed, and new equipment should not be pur. 
chased. 


Discussion 


J. E. Wester.’ The question of what should be done and 
what should not be done in a maintenance line is a very in- 
portant point to decide. The quantity of the work to be done 
and the quality of the work to be done, are subject to great 
variations in judgment. A building will house an activity if 
the roof is in rather bad shape as long as it does not leak, and 
if the windows rattle, and if it is not painted, and if the floor 
are bumpy. Whenever officials of a company go through 
plant the thing that impresses them as favorable or unfavorable 
toward the operating officials is the appearance of the plant, the 
cleanliness and the general neatness and quality of the main- 
tenance work and how well the floors and stairways look. 

The best way to handle maintenance is to have each type of 
work, such as painting and repairs to floors, repairs to roofs, 
maintenance of cranes, etc. budgeted for the year, and all work 
charged to an account number so that the man in charge or the 
plant manager can at the end of each month see what has been 
spent on that line of work. The man in charge of maintenanc 
must “sell” the budget to the executive so that it will not be 
necessary to get approval for each item. If he can persuade the 
executive that he must spend so many dollars a month on each 
one of these items during the year to keep the plant up, then he 
can be made responsible for the selection of the various items 
to be done. 


A. L. DeLeeuw.* Mr. Chapman speaks of the necessity of 
considering whether a machine should be disposed of or repaired 
again. This point is well taken. It takes more than a mere 
view of the machine itself to determine what to do. A look 
must be made into the future on the matter of obsolescence, 
which is so closely connected with the matter of repair that the 
one should never be considered without the other, 


K. D. Hamiuron.® It is indeed gratifying to see that the 
subject of maintenance has been brought up from a professional 
point of view. Maintenance has become today an engineering 
profession. Years ago it used to be that a Jack-of-all-trades 
fixed belts, stopped leaks in pipes, repaired boilers, and started 
up engines. Today, in the large plants, a man has charge of 
the entire organization, and the managers of the plants today 
should be convinced that the maintenance department can pay 
for itself. It should be run as a business. It should be able t 
compete with outside contractors. It should show a prott 
and can be proved to show a profit. Business methods should 
be organized throughout the entire department. 

There should be a budget, a system of records of costs, and of 
prorating those costs among the various departments. The 
maintenance engineer, or the plant engineer as we should cal 
him, should be an executive equal in standing with the super 
tendent, directly responsible to the management. [le should 


sell his services as a high-grade executive. He should have 
charge of heat, light and power, buildings, plant, maintenanet 
of machinery, new construction, and purchase of equipment 1 


cooperation with the purchasing department. He should & 
able to function as a man who can handle labor, and above all 
he should prove to his management that he can make « dollat 
instead of spending it. 

If accurate costs are kept of all phases of maintenance, each 


7 Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 

* Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 

® Mechanical Engineer, Geo. E. Keith Co., Brockton, 
Mem. A.S.M.E. 


Mass. 


| 
r 
I 
fi 
ate 


yur- 


job assigned to each particular number, maintenance men need 
not fear the point of view which is so readily taken by most 
managers, that the maintenance department is an unnecessary evil. 


M. Sxvovsxy.” The problem of maintenance is so varied in 
its application—from buildings to the grinding of tools—that the 
same rules do not apply to all kinds of maintenance. I desire, 
therefore, to confine my remarks to machine-tool maintenance. 

In more recent years the use of machine tools for production 
purposes has increased so radically that more machines today 
are used for production purposes than for maintenance purposes. 
A machine tool originally was a maintenance tool. We have 
made estimates in recent years and have found that on the 
basis of metal removed, the amount removed by a production 
machine was over fifty times that removed by a maintenance 
machine, so that on the old basis of putting in a new machine 
and having it last for 25 years it would result in a new machine’s 
lasting only 6 months on heavy production work. It is obvious, 
therefore, that machines wear out much faster than they did 
years ago when they were used for lighter work and for main- 
tenance work. 

The cessation of production on account of shutdown of 
machinery is too serious a matter and need not be discussed. 
It is obvious. The user’s problem is to acquire machinery 
that will stay conditioned the longest possible time and can 
be maintained in the readiest manner. 

Two factors which have been referred to by the persons pre- 
senting the papers are very essential. One of them is lubrica- 
tion. Lubrication—the proper kind of lubrication—assures 
the longer life of the machine. The haphazard way in which 
many plants provide rules for lubrication is such that in many 
cases lubrication is not applied in the proper amount nor with 
regularity, and for this reason machine-tool builders should 
definitely provide for the lubrication of all essential wearing parts. 

The next point which machine-tool builders will be forced 
to take into account is the proper kind of bearings, and also, 
of course, the right kind of driving parts such as gears, etc. 
Bearings, however, are the most important as we see it. We 
specify, almost exclusively, roller bearings or ball bearings as 
the case may be, not from the standpoint, as is usually assumed, 
of saving power; that is an insignificant point and does not cover 
the extra fixed charges on added investment, but because roller 
bearings, for example, can be held in proper location and can be 
tightened up, and because instead of repairing such parts we prefer 
to replace them. Replacement of parts can be done readily, 
sometimes in a half-hour or at most a half-day. The over- 
hauling of a machine with the old type of bearings may take 
anywhere from three days to three weeks, and during that period 
the machine is out of commission. We have, therefore, in 
purchasing equipment stressed the item of bearings that are 
to go with these machines, and we have found it advisable to 
pay an added sum for machines so equipped. 

As to the organization back of maintenance, we find that the 
foremen of departments are too overloaded with production 
problems to be depended upon for the follow-up of maintenance. 
We leave that entirely to a separate department which has the 
responsibility for the condition of the machinery. The depart- 
ment foreman may report needed repairs, but he is not held 
responsible for the condition of a machine. 


J. S. Packarp."! Speaking from a designer's point of view, 
I should like to hear from some maintenance men who are con- 
fronted with the problem of keeping the machines going all the 


Z Chief Engineer, Deere & Co., Moline, Ill. Mem. A.S.M.E. 
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time, what are the faults with machines. Just where do they 
break down? What are the causes of breakdown? 

The subject should be brought right back to where the troubles 
may start, and that is on the designing board. The man who 
designs the machines often does not know or cannot conceive 
the conditions under which those machines are going to be used, 
and I think I speak for most designers when I say that they 
personally would be glad to know of the things which cause 
breakage so that in the future designs they can have them 
in mind. 

Then there is the question of guards. There is really no 
reason why a designer cannot guard all the moving parts properly 
unless he wants to close his eyes to the problem or wants to 
design a machine too cheaply. It is just a question of the view- 
point which the designer has. 

There is the factor of gears. A man may design cast-iron 
gears or steel gears without any consideration of the actual work 
the machine has to do, nor can he conceive of some of the possi- 
bilities of hardship that they may have to endure where a little 
extra-carbon steel or chrome-nickel steel would make the life 
of that machine longer. 


E. F. DuBrvut.'? I was in an automobile plant some time ago 
and saw many automatic lubricators attached to machine tools. 
They had been put on by the automobile company at great 
expense. They had been installed so that the operator would 
not have to look after the details of lubrication. Two and three 
hundred dollars per machine were quite common figures for the 
cost of installation of these lubricating systems. However, 
I have been told that the automobile manufacturer was not 
particularly favorable to the idea of paying two or three hundred 
dollars extra for the machine tool with the lubricator built in 
to save him the trouble of putting it on. 

One speaker has just remarked that in the matter of removing 
metal the production tool of today removes fifty times as much 
metal in a given life as was removed by the maintenance tools 
of some years ago. I am reasonably certain that none of you 
are paying fifty times as much for those tools. I am sure that 
no machine-tool builders are getting fifty times as much for the 
tools that they are selling today compared to those of early days. 
But there is the performance. 

The more automatic, the more complex the machine gets, 
the more trouble is built into the machine. I don’t suppose 
it can be helped. Even a large plant having a very well-organized 
maintenance department will have difficulty, I think, in keeping 
expert service men capable of knowing all the kicks and quips 
of all the different kind of complex machines that they are 
getting in their factory. 

Now, who is going to pay for the added expense of service 
made necessary by the complexity of these machines? Even- 
tually the user has to pay for it. If the builder today does not 
charge for it he will not be building machine tools after a while. 
The builder of the future will charge for it, because the builder 
that does not charge for it today will be out of business after a bit. 

Is it fair to put that service charge into the price of the ma- 
chine, to spread it into the overhead? I don’t think so. While 
that might be an easy way to cover it up, I don’t think it is fair 
to users who are more competent, more careful of their machines, 
and who do not call for service. Why penalize the user who is 
efficient and make him pay more for a machine to cover up this 
sort of factory service by concealing it in the price? The fair 
thing all around is to charge the man who gets the service, and 
not to charge directly or indirectly the man who doesn’t call 
for it. 


12 General Manager, National Machine Tool Builders Associa- 
tion, Cincinnati, Ohio. Assoc-Mem. A.S.M.E. 
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A. A. Ricwarpson.! Service, generally speaking, is worth 
paying for. Equipment ought to have service when necessary, 
and then it is usually asked for. This plan appears much better 
than to believe it hidden in the price of the machine and paid for 
whether needed or not. Our plant, however, is more or less inde- 
pendent of the manufacturers’ service because of the character 
of our organization. In many transactions it appears that service 
is neither more nor less than a good piece of sales argument. 
Some manufacturers do not regard it so, because we have service 
men who come to assist in our maintenance work voluntarily. 
We, of course, have to assume that the cost of it goes in on an 
annual overhead basis in that company’s accounting. 

In the National Carbide and Carbon Corporation mainte- 
nance is budgeted. In some plants it has been brought to a 
fine point where it is figured down to the individual machine, 
and we take that individual-machine maintenance cost over 
the year as representative of its next year’s cost. We analyze 
that cost, of course, to determine both improvement and obso- 
lescence, one or the other determining the disposition of a machine 
which is costly to maintain. 

In maintenance work, I have been confronted by the problem 
of encouraging a maintenance force to reduce the cost of main- 
tenance. As a rule the mechanics in the maintenance depart- 
ment are men who are more or less independent of your em- 
ployment, because nearly all industrial plants have a main- 
tenance crew to take care of the machines and the opportunity 
for another similar job is good. They also almost always possess 
a fairly good set of tools, and so can move from one plant to 
another without much loss. Some of them are expert mech- 
anicians. But they are all paid on an hourly basis. I have 
inquired to find if time study and management have been applied 
in maintenance departments to assist in reducing maintenance 
costs and improving the earnings of the personnel. I have 
not found it yet. If the incentive of the piece-work rate can 
be applied to maintenance production, I am sure it will be profit- 
able to all maintenance engineers as a means of reducing costs 
and improving the quality of the work, 


D. R. Lona.** Our maintenance problem is slightly different 
from that of the manufacturer of machine-tool equipment, for it 
consists of maintenance of tools we have designed and built. 
For that reason about eight years ago we started to chart repairs 
according to the cause. The cause of a given repair was ascribed 
by the men who made the repair and their foremen. It was 
surprising to learn the great number of repairs which could be 
ascribed to lack of proper lubrication. We found that from 
3 to 40 per cent of the repairs charted each month could be 
attributed to lack of proper lubrication. Over five years it 
averaged about 30 per cent. Our repairs at that time were 
running about $400,000 a year, so you see there was a very 
appreciable amount of money spent for faulty lubrication. 

We took the second step, then, to overcome some of the 
troubles. We organized a lubricating force. We withdrew 
from all the production foremen and all the machine operators 
the duty of lubricating the bearings on the machines. Since 
we organized that force four years ago there has not been a drop 
of oil kept in a storeroom in any production department. Lubri- 
cating men, eleven of them, under the direction of a competent 
foreman, trained as junior lubricating engineers, have charge 
of that work. They not only apply the oils and greases to the 
oiling devices, but select the kind of oil to be used on the particular 
bearing, and select the type of oiling device which is to be used. 


12 Works Engineer, Niagara Works, National Carbon Co., Inc., 
Niagara Falls, N. Y. Mem. A.S.M.E. 

14 Chief Engineer, Armstrong Cork Co., Lancaster, Pa. Mem. 
A.S.M.E. 


The third step we took was the selection of a high-grade manu- 
facturer of first-class lubricating oils, and we purchase all our 
oils from that particular manufacturer. We came to the con- 
clusion that while we might be able to select one lubricant 
from one manufacturer and another from another and so on all 
over the country, it would be better to stick to the one manu- 
facturer. We found we could get better prices on account of the 
volume. We selected a company competent to furnish a satis- 
factory lubricant for all the bearings and surfaces that we had 
to lubricate. 

The results were threefold: First, as we originally intended, 
we reduced maintenance appreciably—several times the cost 
of the wages paid to these men. Second, we increased production 
through reduction of shutdown time due to repairs, and third, 
we have been able to work with the engineering department 
through these lubricating men to get better design. The ma- 
chines now are designed with some of the lubricating devices 
and oiling channels that are necessary to apply the lubricant. 
I think that the feature of maintenance is sometimes over- 
looked, but it has a very important bearing on reduction of cost, 
and certainly no maintenance engineer has performed his fune- 
tion unless he has tried to reduce the cost of repairs. 


E. J. Kearney. During the last 25 years there has been a 
revolution in production methods and a revolution in the design 
and building of machine tools. In the earlier period very simple 
machine tools were operated by very competent men. Now 
we have very complex machine tools operated by operators 
more or less competent. Naturally trouble arises in such a 
situation. 

During this period of machine-tool evolution changes have 
come about very rapidly. If machine tools could be designed 
and manufactured without change for a period of years the 
question of supplying repair parts would be just as simple as it 
would be supplying repairs for the Model T, but it is not so. 
The pressure of competition means that almost every lot of 
machine tools embodies changes, and it is exceedingly difficult 
for the machine-tool builder to maintain complete records and 
complete sets of repair parts so that when the maintenance 
departments of these various plants make requisitions for them 
he can supply immediately the necessary repair parts. 

This question of maintenance will become more and more im- 
portant. In railway service it has been reduced strictly to a 
science. The railways classify maintenance strictly on the 
basis of the performance, and performance is an entirely different 
thing from what it was 25 years ago. 

In all fairness to the user, machine-tool builders themselves 
through their association should formulate some scientific plan 
whereby the user, by applying that formula, can tell whether 
he ought to buy a new machine or repair his old one. There 
are so many variables entering into this question that it is quite 
impossible for a machine-tool salesman coming in offhand to 
answer it. Large factories, at any rate, have no excuse for not 
approaching the question from a scientific basis. A machine 
tool may produce three times as much as the one in use and 
do it better and still not be economical to buy, principally 0” 
account of the fact that the old machine may be used only one 
month out of the year. 

There is one phase of maintenance which is often neglected, 
and that is noise. I was in a factory in one of the New England 
states just a few days ago, and saw some old machines running 
that were designed and built in the particular factory where 
they were used. Apparently they were functioning properly. 
but a pair of gears that transmitted the power from the pulley 


18 Secretary-Treasurer, Kearney & Trecker Corp., West Allis, W's 
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to the machine was so noisy that it must certainly have put the 
operators in no great length of time into a state of physcial and 
mental decline, 


Geo. H. AsHMaNn. For the last 23 years the General Electric 
Company has used the budget system successfully. Every 
year, revised each six months, the department manager prepares a 
budget of expense covering repairs and relocation of tools and 
machinery. He also submits an investment budget of the new 
tools, buildings, and appliances he may need in the coming 
year. He prepares this latter from a production estimate 
given him. Very seldom has this budget been exceeded. 

In the last inventory we have 13,000 catalogued tools. At 
intervals an analysis is made of the repairs that may be necessary 
to keep them in running order, their fitness for the work they 
may be doing where located in the plant, and their obsolescence. 
Records of cost of repairs for each machine are kept. With 
these data, each superintendent, with his productive-hour 
capacity as a basis, prepares his budgets of expense and in- 
vestment. They are subject to revision by the general superin- 
tendent. 

There is a tool department in each section under the super- 
vision of a tool expert and competent mechanics. A foreman 
reports to the general foreman that certain machine-tool repairs 
are necessary; if of a minor nature, this man inspects them and 
makes the repairs, if in his judgment it is advisable. The ques- 
tion of replacing an old tool with a new one is made by the 
superintendent of the section on a special request form to the 
general superintendent of the plant, who bases his decision to 
purchase largely on the data submitted, showing the productive 
or working value of the tool as a percentage of the price of the 
new tool. 


W.H. Caapman. I should like to say a word about budgeting 
and also about the design of equipment. I know of a plant that 
is successfully budgeting what is termed direct expenses. This 
is forecast on the basis of the sales forecast broken down into a 
production schedule and then broken down into direct-labor 
standard hours which are estimated on a piecework basis to 
require a definite machine-hour production per month. The 
forecast is made under a three months’ period but is definitely 
forecast for one month; by that I mean there are forecasts for 
two months ahead of the month under consideration. The 
method of arriving at the budgeting takes into consideration 
the machine-hours, as well as the direct-labor hours, for they are 
pretty much tied together, and the method used is to merge 
all of the direct expenditures for each particular operation. 
The expense forecast is based on the standard-hour forecast 
and specifies the amount of money to be spent on various ac- 
counts during the month. 

Of course it will be realized that there must be a very intelligent 
interpretation on the part of the men who are creating this 
budget. They must not only be good men from the accounting 
standpoint, but they also must be familiar with the plant con- 
ditions, department conditions, and any special conditions 
which may arise which are largely a matter of past experience. 
That is, they must be able to tell what is coming due to per- 
formance in the past. In this particular instance the budget 
last ran between 90 and 100 per cent efficient over a period of 
months in meeting the forecast. Usually it runs slightly below 
the actual expenditures. 

On the question of design of equipment I should like to stress 
‘wo points: One is the application of the power drive to the 
machine, the other, the selection of bearings by the designer. 
We have more trouble with bearing failure and drive failure 
than with anything else. I think in all probability most machine 
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tools in the past have not been designed to stress the cutting 
tool to its efficient limit. In other words, there is an economical 
rate at which a cutting tool may be employed in the operation, 
and the machine most certainly should be provided with a drive 
and bearings which will permit the cutting tool to be used to its 
utmost capacity, assuming, of course, reasonable wear of the 
cutting tool. I have in mind particularly grinding machines, 
which only recently have been developed so that the fullest 
capacity may be obtained and at the same time satisfactory 
performance life of the machine without breakdowns. 

From the standpoint of lubrication I am an advocate of anti- 
friction bearings because they use a slight amount of oil and 
if they are properly installed the oil reservoirs are designed to 
keep the bearings properly lubricated, and also because of the 
fact that they can easily be taken out and other bearings put in. 
Why any operator should have to send to the machine-tool 
builder to replace a bearing is beyond my comprehension, 
for the average man should be able to make the normal adjust- 
ment without having to call on experts from the machine-tool 
builder. I should say in cases where this is done that the main- 
tenance men are either behind the times in understanding 
modern methods, or are thoroughly incompetent from a me- 
chanical standpoint, for there is nothing tricky or incompre- 
hensible about any of the well-known types of anti-friction 
bearings. 


J. R. Weaver. In regard to service, we get wonderful 
service from the machine-tool manufacturers on machine tools. 
At times we call their men on certain jobs, but we try to take 
care of any troubles as far as is possible ourselves. But it seems 
to me that there is something else necessary in the machine- 
tool business, and that is probably a closer inspection or a running 
of the machine tool before it is sent out. In quite a number of 
cases a machine tool has come into our shop with the gears 
meshed too tightly or with clutches that will not run at a certain 
speed. This shows that the machine was asembled and shipped 
without a proper operating test. 

In regard to lubrication, we do not have a central department 
for lubrication, but we have a corps of men, demonstrators, who 
are specialists. Each man covers a certain kind of tool and he is 
responsible for that kind of machine tool throughout the shop. 
His duty is to train the operator to take the proper care of it. 
This idea of taking too much responsibility away from the opera- 
tor is wrong, for he will not take the proper care of it. Teach 
him that that machine has to do a certain task, that it must 
be treated in a certain way, and that it must have oil in certain 
places, and he will be there to do it in case something goes wrong. 

In regard to replacement, we keep what we call an open shop. 
We say that if a machine-tool manufacturer comes in and can 
justify the expense of new equipment on any job we will buy it. 
When you say “justify” that may mean several things. Ordi- 
narily we say that if in two, three, or four years it will pay for 
itself we will replace it. It depends on conditions. The product 
may change in design and it would not pay to buy a special 
machine for that job if the design is going to change. If the 
product is of a stable design we will replace with modern machine 
tools, even though it may take five years or more to justify the 
expenditure. 

We do not budget repairs solely, but we do budget expense. 
In other words, budgeting by production each superintendent 
is allowed a budget of so much to cover jigs, fixtures, small tools, 
rearrangement, etc. He is required to keep within that budget 
if it is possible. It is not always possible, but when it is not, he 
is questioned. 

Although we have had no time study on repairs we are antici- 
pating it. We have gone into time study on repairs of small 
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tools and it is working out satisfactorily. In our tool room we 
have to a great extent adopted the time-study plan. We are 
making a study of the repair department to adopt the same thing. 
It is going to be difficult. It will be divided into certain phases. 
One set-up will take down the machine, another will assemble 
it, and another will keep it in repairs. We hope to be able 
to take care of it in the future. 


C. 8. Gorwats. We find that it is quite desirable to filter the 
oil. Oil is often fed to the bearings by the ordinary drop system 
by the operators, and we find that by placing a wick directly 
below the reservoir the wick will feed the oil to the bearing 
as needed. This prevents dirt from getting into the bearing 
itself. It is also true in other types of machine tools where an 
industrial filter can be applied. 
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In this paper the author attempts to show that the application 
of hydraulic feed and drive for cutting tools has been made possible 
by the return to the principles of the hydraulic method as it existed 
before the introduction of the accumulator, and through the intro- 
duction of the multiple-plunger pump. The general principles 
of hydraulic devices used for driving or feeding apparatus for ma- 
chine tools are presented, particular attention being given to speed 
control and adaptability to control of inertia forces, The hydraulic 
drive may be applied either as a straight-line device or as a rotary 
device. Actual experience during the past five years has de- 
veloped some peculiarities in the application of hydraulic feeding 
as compared with geared units, and these are described and discussed 
by the author. These peculiarities affect more the design of the 
tools than their field of application. In this connection the author 
describes the regulating devices and the various types of the applica- 
tion of hydraulic drive, in particular, variable-delivery pumps with 
closed hydraulic circuits os. constant-delivery pumps with bypass 
circuits. He considers flexibility to be the most obvious peculiarity 
of hydraulic feeds, and illustrates by examples its value. 


N CONVERSATION with machine-tool builders and users at 
the exposition in Cleveland this fall, it was apparent that 
many men who are interested in 
the evidently increasing use of 
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by a screw, and a hydraulic broach drive which showed a dis- 
tinct jump as the broach teeth pulled through the work was 
immediately condemned for lack of steadiness. Obviously the 
performance of the screw was assumed as a standard to which 
the hydraulic performance should be compared. Today it is 
fully proved that for one reason or another the hydraulic machine 
is capable of pulling a broach from three to five times as fast as 
the screw machine, and that the broach will last longer. When 
hydraulic feeds were first introduced they were similarly com- 
pared with mechanical feeds, with the tacit assumption that 
mechanical feeds leave nothing to be desired. The large number 
of machines operating with oil-pressure feeds at the Cleveland 
show is sufficient evidence that there was something wrong 
with this assumption. Yet the most striking recent innovation— 
the oil-pressure feed on large milling machines—was strongly 
criticized because the feed was not perfectly steady and rigid in 
its advance. It showed elastic follow-up characteristics similar 
to those which experience has proved to be associated with 
especially successful operation in broaching machines, drilling 
machines, and boring machines. 

These observations suggest the desirability of carefully ana- 
lyzing the inherent properties of oil under pressure, taken from 
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a multiple-plunger pump as a driving means. Such an analysis 
will lead us to examine and think of hydraulic feeds and drives 
on their own merits in view of the work to be done. 

To understand the revival of hydraulic methods in power 
transmission during the past few years, it is necessary to consider 
the characteristics of the old hydraulic plants using accumulators, 
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and to note that practically all the new applications discard the 
accumulator and substitute a high-speed multiple-plunger pump. 

The accumulator method had become thoroughly discredited 
among engineers due to the uncertainty of control, the shocks 
and damage to the system from the operation of the accumulator 
and the throttle valve, and the extravagant consumption of 
power. Hydraulic machinery was rarely used when any other 
method was possible. The possibility of dispensing with the 
accumulator and going back to the first hydraulic principles 
was opened by the development of the high-speed variable- 
displacement pump, which would deliver large quantities of 
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fluid at high pressures when required, and would graduate the 
amount delivered exactly in proportion to the position of a con- 
trol lever, and without regard to the pressure against which 
the pump operated at the instant. Probably because of the 
disfavor with which hydraulic methods have come to be regarded, 
engineers have been slow to realize that those methods are radi- 
cally changing, and that the hydraulic method is now the only 
appropriate one for many an operation where it would not have 
been considered a few years ago. The perfect speed control 
where there was formerly no reliable speed control, the very 
high power economy where formerly hydraulic transmission 
was the most wasteful of all, and the great durability of the 
working parts running in high-grade lubricating oil and without 
heat, combine to make the hydraulic method more suitable than 
either mechanical or electrical methods of power transmission 
through a great range of applications. The above outlined 
facts underlie the increase in hydraulic applications, which has 
led to the assignment of the present session of the Annual Meeting 
exclusively to the hydraulic operation of machine tools. 

The first hydraulic press was driven by a volumetric pump. 
At every stroke of the plunger the ram advanced a definite 
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amount. Also if there was no work in the press the pump oper- 
ated easily, as it was only necessary to overcome the packing 
friction to advance the ram. If the press was used for baling 
cotton, the ram would at first move very easily, and as the cotton 
was compressed, the pressure would gradually rise to the maxi- 
mum. Thus the original hydraulic press had a speed completely 
responsive to the rate at which the operator worked the pump, 
and the work required to drive the pump corresponded exactly 
to the work actually done in compressing the cotton bale plus 
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friction. At that time, however, the available pumps delivered 
only very small volumes, and the accumulator was invented to 
enable this small pump to work continuously and store up its 
delivered volume. In this way the press could make a stroke 
in a much shorter time. 

But with this change to accumulator operation, the original 
response of the ram to the pump and the economical performance 
of the work to be done were both lost. From that time every such 
hydraulic plant has used the maximum of energy for each stroke, 
whether the work required it or not. Also the speed at which 
the ram advanced became uncertain, depending on the opening 
of the throttle valve and the resistance encountered. The 
throttle valve introduced intense jet action, causing the minute 
quantities of abrasive in the liquid to rapidly cut the working 
parts. The wasted energy was also developed into heat as it 
passed through the throttle valve, resulting in further damage 

During the past five years considerable progress has been 
made in the application of hydraulic methods to machine-too! 
operation. Most of this progress is directly due to a return t 
the principles embodied in the original hydraulic press, before 
the accumulator was invented. The new hydraulic devices are 
driven by definite volumes of liquid delivered from each pump 
to its operating cylinder. The pressure is low if the piston 
encounters no resistance, and the distance moved by the piston 
corresponds to the discharge of the pump, whether the resistance 
be low or high. 


GENERAL PROPERTIES OF HypRAULIC DEVICES 


In considering hydraulic driving or feeding devices for ma- 
chine tools, the following list of general properties of these mech- 
anisms may be helpful in determining their practicability 
and assisting the designer to select the proper hydraulic 
apparatus. 

Some of these characteristics are as follows: 

(a) High Efficiency. This is illustrated by the efficiency of 
the hydraulic broaching machine, which is from three to four 
times as great as that of the screw machine. This might have 


Fic. 4 Avromatic Pumep—Trrs WM 


(A, 7-position control-valve stem, operated by cam plate on carrnge 
B, pipe connections to ends of 8-in. feeding cylinder. Pump provides _ 
feeding speeds and rapid traverse in either direction. Capacity, 3060 cu. 19 
oil per min. at 1000 Ib. per sq. in. pressure.) 
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been easily predicted, but the possibility led to no practical 
advance in the art for many years. 

(b) Speed Control. This also has been much discussed, yet 
its importance in the future development of machine tools is 
not realized. As applied to feeds it permits the operator, with- 
out stopping the machine, to select at any moment the maximum 
feed which the work and tools will stand. At the Cleveland 
show the author saw one milling machine demonstrating the 
maximum application of power to cutting. In one case the 
feed was a little more than the machine could take. The motor 
was stalled and the demonstration stopped. With oil-pressure 
feed the operator would have gradually increased the feed by 
watching the ammeter for maximum power input. This was 
clearly illustrated on another machine at the same show. When 
applied to driving the spindles of lathes or boring mills, a com- 
plete hydraulic design will embody a minimum amount of gearing, 
and automatic hydraulic-gear shafting, so that the operator 
need only place a pointer on a dial at the figures indicating diam- 
eter of cut and cutting speed desired. The operation of such 
a headstock is explained later in Par. (h). 

(c) Lower Cutting Force. It has been experimentally proved 
that a broaching tool working in a given material and at a given 
speed requires fewer pounds of force to pull it through the work 
in a hydraulic broaching machine than in a screw broaching 
machine. The power saving is of no importance commer- 
cially, but the fact may be of great significance in investigat- 
ing the action of cutting tools. 

(d) Adaptability to Control of Inertia Forces. The gradual 
change of speed due to the progressive stroke changes in the 
driving pump is of great advantage in handling heavy masses 
such as large grinder tables, which must be frequently reversed. 
This principle had many illustrations at the Cleveland show as Fic. 6 Pump Removep From Its O1LpoT AND wiTH Cover Orr 
applied to grinding machines and honing machines. Some 
employed closed circuits (see Fig. 2), in which the kinetic energy 
of reversal is transmitted through the pump to the driving motor. 
Such circuits may be either high-pressure or low-pressure, and 
both were represented at the show. Another method is to use 
constant-displacement, low-pressure pumps and motors, absorb- 
ing the energy of reversal by expelling part of the oil in the circuit 
through regulated orifices (see Fig. 3). The applications so 
far made would indicate this method for very rapidly recipro- 
cating tables of comparatively small weight such as internal 
grinders. As yet there is little experience with the closed circuit 
on such work, 

(e) Flexibility of Design Conditions. When designing hy- 
draulic feeds it is not necessary to accurately specify the rate 
of feed required, which can be determined experimentally when 
the machine is operating. This greatly reduces the losses due 
to inability to foresee conditions, reduces the time and cost of 
the design, and increases the output obtained from the machine 
by facilitating experiment during production. 

(f) Standard Units. Nearly all hydraulic feeding schemes 


can be carried out by using one or another of a series of stand- 
ardized pumps with the appropriate standardized cylinder or 
rotary motor. The technic involves a knowledge of many 
different oil circuits, which are worked out and diagrammed in 
a manner suggestive of electric circuits. 


Fie. 7 Automatic Pump—T ype QS 


ag _(B, auxiliary circuit from gear pump to operate fixtures, etc.; C, main 
rge and return connections; D, return from auxiliary circuit. Ca- 


ity, 550 cu. in. in. ; i ki . 1000 Ib. . in.; 
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(g) Adaptability for Operating Auzxiliary Devices. Many 
of the standard feeding pumps available include in their con- 
struction a low-pressure gear pump which is used to supercharge 
the variable-delivery feeding pump, and in many cases is also 
used to effect rapid traverse. With such pumps connections 
may be taken out from the gear-pump circuit and used to operate 
auxiliary clamping devices for holding work, for shifting clutches 
or gears, or for any other desired function (see Fig. 8). 
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in the corresponding pump, usually omitting the variable stroke. 
In the general case of spindle drives, however, variable-stroke 
motors will become almost as essential as variable-stroke pumps, 
because spindle drives characteristically require a constant horse- 
power input which can only be obtained when the pump is 
running at its full capacity. The speed variation will then be 
obtained by gradually reducing the motor stroke, causing the 
motor to speed up as the diameter of the cut is reduced. When 
the minimum practicable motor 
stroke is reached (about '/, or 
*/ stroke) the back gears may 
be automatically changed to the 
next faster ratio. The: motor 
will be simultaneously returned 
to full stroke and the cycle re- 
peated. On facing cuts the 
r.p.m. changes with the radius 
of the cut so as to automatically 
maintain a constant cutting 
speed. Such a lathe head has 
not yet been made, but is now 
only awaiting a machine-tool 
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preciate its advantages when 
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Fig. 8 oF OPERATION OF CONTROL-VALVE STEM 


(h) Straight-Line or Rotary Applications of Power. Every 
hydraulic transmission consists of a driving pump and a driven 
motor. The motor may be a reciprocating cylinder, illustrated 
by honing machines, and in most of the feeds on cylinder feeding 
and boring machines. Or it may be a rotary motor, illustrated 
by the large face-grinding machines at the Cleveland show and 
by rotary-table milling machines where the motion is continuous. 
The rotary motor comprises the same running parts as are used 


Fic. 9 Motor—Typre RC 

(Standard: Displacement, 4.6 cu. in. per rev.; max. torque, 690 in-lb. 
at 1000 lb. per sq. in.; max. speed, 860 r.p.m.; output at max. speed and 
torque, 9.4 hp. Special: Displacement, 6.08 cu. in. per rev.; max. torque, 
920 in-lb. at 1000 lb. per sq. in.; max. speed, 725 r.p.m.; output at max. 
speed and torque, 10.6 hp.) 
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LY 20-in. lathe with three sets of 
back gears may be 
through a range from 14 r.p.m 
to 800 r.p.m. at practically uni- 
form cutting speed and horsepower. The spindle would hay 
to be mounted on ball or roller bearings to permit the high 
spindle speeds. These high speeds made available for small 
diameters of cut on a turret lathe will in themselves effect « 
material saving in production time. 

(t) Operating a Plurality of Feed Motors. 
individual speed control of two or more hydraulic motors, each 
motor must be driven by its own pump and the entire flow from 
the pump must go through that motor. If the flow is divided 
between two or more motors in parallel, the motor encountering 
the least resistance may take the entire flow of the pump unt 
that motor has finished its stroke or is stopped by closing a valv: 
in the circuit. Thereafter the motor next easiest to drive wi 
go through its stroke, and so on. The total time required 
put all the motors through their cycles will be the same as t houg! 
they operated simultaneously. 

Such an arrangement is indicated in Figs. 11 and 12. I 
this case the pump stroke may be changed to give any desired 
speeds while cylinder B is operating, and again adjusted for 
other speeds while cylinder E is operating. This is possible 


carried 


To have complete 
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because the  spring-resistance 
valves C and D really separate 
the parallel circuit from the 
pump through the two cylinders 
into a pair of individual cir- 
cuits. The circuit leading to 


the clamping cylinder B oper- 


ates below the pressure at which 
the spring-resistance valves are 
set, while the circuit leading to 
the main press cylinder EF is 
operated only by forcing oil 
through these spring-resistance 
valves. 

(j) Cylinders in Series. If 
the speed control required on 
two cylinders issimultaneous and 
proportional, the two cylinders 
may be placed in series in a 
closed circuit with a single 
pump. Such a circuit with 
three cylinders in series is in- 
dicated in Fig. 13. This circuit 
is applicable to a way drill with three drilling heads. Such 
heads are usually coordinated mechanically by racks and 
pinions or by linkage, but the hydraulic method is more 
flexible, safer against breakage, and in some cases may be 
cheaper. The three cylinders must be graduated to the speed 
requirements of the heads. If one head is to move twice as fast 
as another head, its cylinder must have one-half of the volume. 
Also, each cylinder must be so designed that the volume dis- 
placed in its piston-rod end is equal to the volume displaced in 
the head end of the next succeeding cylinder. This is evident 
from the diagram, as the oil supplied to the head end of each 
cylinder after the first one comes from the rod end of the pre- 
ceding cylinder. 

In order to keep such a set of pistons operating in coordination 
with each other, they must be arranged to run against the 
cylinder heads at the termination of each cycle, so that they 
always start the next cycle in the same relation. Hence the 
relief valves indicated in the diagram, permitting oil to pass 
around any piston which has stalled against its cylinder head 
during the back stroke, thus bringing all of the pistons succes- 
sively back against their cylinder heads. 


Rear View oF Press SHOWN IN Fia. 11 


(k) Use of Multiple Transmitter. The series circuit of Par. 
(j) divides the total working pressure into as many parts as 
there are cylinders. This reduces the maximum working pres- 
sure available in each cylinder, and tends toward large cylinder 
diameters. For this and other reasons it is sometimes better 
to use a multiple transmitter consisting of one double-acting 
cylinder reciprocated by the pump and operating several cylin- 
ders whose piston rods are attached to a single crosshead. Each 
of these secondary cylinders acts as a pump or impeller for its 
own individual driven or feeding cylinder. This system estab- 
lishes several separate closed hydraulic circuits, each of which 
operates its feeding cylinder at definite speeds, the pressure in 
each separate circuit depending on the resistance against the 
piston rods of the respective feeding cylinders and on the corre- 
sponding piston areas. The strokes of all the impelling cylinders 
are the same, but their diameters and the diameters of the 
feeding cylinders may be varied to give any desired feeding 
forces and strokes to the respective feeding cylinders, provided 
the totals are within the power capacity of the pump. All speed 
variations and distances traveled by the pistons of the respective 
feeding cylinders are proportional to the speeds and distances 
traveled by the piston of themain 


Fie. 11 


Front View oF 30-Ton CHEVROLET TRUCK AXLE-ASSEMBLING PRESS, WITH AUTOMATIC 
‘LAMPING F)XTURE 
(Clamping and pressing are accomplished with one movement of a single lever.) 


cylinder connected to the pump. 

In this case also it is neces- 
sary to provide means similar 
to those shown in Fig. 13 to 
bring each of the feeding cyl- 
inders against this cylinder head 
at the end of every cycle to 
keep the pistons in coordination. 
A system of this kind is indi- 
cated in Fig. 14, only the prin- 
cipal circuits being shown. In 
practice, the circuits of both 
Figs. 13 and 14 require low-pres- 
sure make-up lines from pump 
to each circuit, and other de- 
tails which are omitted for the 
sake of clearness. 


INHERENT CHARACTERISTICS OF 
Hyprav.tic Freep 


Actual experience during the 
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past five years with the new hydraulic method has developed 
some peculiarities which may be considered as proved facts, 
and has suggested others by evidence which cannot as yet be 
considered as proof, but which indicates directions for profitable 
experiment. Still others are really inherent in the apparatus 
used, but are apt to be overlooked in the absence of careful 
analysis, or to be clouded by comparisons with mechanical 
devices. 

In the application of hydraulic feeding as compared with 


Return 


Fig. 13 DiaGrRaM OF SEVERAL CYLINDERS IN SERIES 


3 feed-Cylinder Circutts 


3Impeller 
C 


Fie. 14 Diagram oF MULTIPLE-IMPELLER SysTEM 


(Rod speeds vary inversely as the respective piston areas. Pressures 
Pi, * and P3; vary with resistances F:, F:, and F3, and inversely as piston 
areas. 


geared feeds, there are several essential peculi- 2 Diam 


arities which should be taken in account. 

(a) Slip. A tool holder fed by an oil-pressure 
piston and a volumetric pump cannot be used to 
chase a thread; and of course its rate of feed is not 
absolutely constant. There is always a certain 
amount of leakage (across the bridges and through 
the plunger fits) in the pump, and this leakage 
is greater as the cut gets heavier and the oil pres- 
sure rises. If the feed is small in inches per 
minute, this leakage may be a considerable percen- 
tage of the pump delivery. Thisis the “slip.” In our 
early exhibits of hydraulic feed, visitors uniformly assumed that 
it was a defect. Geared feeds do not slip. The tool must cut 
the given thickness of chip whether the material is hard or soft, 
the cut deep or shallow. If the tool manages to back off slightly 
due to wind-up in the rods and gearing, the lost travel must be 
made up, and the average thickness of chip throughout the cut 
must be equal to the geared feed rate. 

If the tool is fed by oil from a volumetric pump, it will never 
move faster than the nominal feed rate, but higher pressures 
will cause the feed to slow up more or less. The travel lost by 
this increased slippage is never made up. Hence the tool is 
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not damaged by being forced to maintain the given feed rate, 
as may be the case when overload causes winding up of the 
mechanical feed gear. 

Figs. 1(a) and 1(c) illustrate the action of a mechanical 
feed when the tool moves from a light cut through a heavy 
cut and back into a light cut. A temporary reduction in the 
theoretical feed rate when the tool strikes the heavy cut repre- 
sents the wind-up in feed rods and other elastic parts. This 
wind-up progresses until it develops a sufficient increase in 
feeding force to compel the tool to resume its theoretical rate 
in the heavy cut. If the cut proves to be so heavy that the feed- 
ing mechanism is not strong enough, a breakage will occur unless 
some slipping clutch is provided. When the tool runs out from 
the heavy cut into the light cut, there is a temporary increase 
in the rate of feed above the theoretical rate, due to the unwinding 
of the feed rods, etc. It is thus evident that through the entire 
range from light to heavy and back again into the light cut the 
theoretical feed rate is maintained irrespective of the resistance 
encountered by the tool. 

Figs. 1(b) and 1(d) show the radically different action of a 
cutting tool driven by a column of oil under pressure from a 
multiple-plunger pump. The pump has a fixed theoretical dis 
placement which determines a maximum steady flow of oil into 
the feeding cylinder. This is the maximum rate of flow which 
the pump would deliver if there were no resistance to the feed. 
But in practice there is a certain amount of slip or leakage of 
oil past the pistons or other running fits of the pump, and past 
the piston in the cylinder. The rate of this leakage depends 
upon the pressure, and the pressure is directly caused by the 
resistance encountered by the tool. Consequently the flow 
of oil actually delivered by the pump into the feeding cylinder 
is less as the resistance increases. In actual practice this re 
duction of feed with increasing pressure may be a very signif- 
cant fraction of the theoretical feed rate, especially with heavy 
cuts at slow feeds. For instance, a standard 37/;-in.-diameter 
feed cylinder has a piston area of 11.8 sq. in., and can deliver a 
net feeding force of 11,800 lb. to a cutting tool. When working 
at this maximum pressure of 1000 Ib. per sq. in., the slip of the 
entire apparatus would quite likely amount to 15 cu. in. of oil 
per min. In ordinary cuts such a feeding cylinder usually 
operates at pressures of 250 Ib. or 300 Ib. per sq. in., and the slip 
is perhaps 5 cu. in. per min. Therefore, if the feed were ad- 


Fie. 15 Spring-Resistance 


justed to give 4 in. per min. under 250 Ib. pressure, the additional 
slip of 10 cu. in. of oil as the pressure rises to nearly 1000 |b 
would reduce the rate of feed by nearly 7/, in. per min., leaving 
‘a net feed of about 3'/; in. per min. during the excessively heavy 
cut. This amounts to a 20 per cent reduction in the 4-in.-per 
min. rate of feed. If the feed rate were set at 16 in. per mi. 
the reduction would be 5 per cent, as the amount of slip is pra 
tically constant for given pressures. 

The above figures of amount of slip are based on a type af 
pump having relatively large leakage through a distributing valve. 
Other types would show about one-half of the maximum slip. 
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Fig. 1(b) shows that this reduction in rate of feed continues 
during the entire period of the heavy cut. Also, when the tool 
runs out again into the light cut the slip of the pump reduces to 
the former figure, and the rate of feed merely returns to the 
original 4 in. per min. 

(b) The foregoing examples show rather extreme variations 
in rate of feed for the sake of clear illustration. In ordinary 
cuts there is little change in the rate of feed during the cut. 
On the other hand, in heavy shaving cuts with a wide tool a still 
larger proportion of the pump delivery may be represented by 
slip, and such a cut may very likely end by stalling the carriage 
against a stop and delivering the entire flow of the pump through 
the relief valve for a few revolutions until the surface is finished 
and the tool withdrawn. 

(c) Follow-Up. This is caused by the elasticity of the oil 
column and the cylinders and conduits which contain it. It 
would seem to be closely analogous to wind-up in the feed rods 
and other parts of a geared feed. But in the case of the oil 
column the amplitude is small and the action is practically 
frictionless. The effect seems to be to soften or cushion the 
peaks of feeding force applied to the tool. The author merely 
suggests the term for use in formulating convenient hypotheses 
to account for observed greater durability of tools under oil- 
pressure feed. 

(d) Vibration or Resonance in the Column of Pressure Liquid 
which receives a rapid succession of impulses from the pump 
plungers. These impulses have a frequency of from 100 to 
200 cycles per second, depending upon the number of plungers 
and the speed of revolution. Although the rate of flow from 
the pump is almost uniform, these pressure impulses are very 
evident at high pressures on an unprotected pressure gage. 
In high-pressure broaching cuts, the shape and appearance of 
the chips are also distinctly different when the tool is actuated 
by oil pressure. The author has reflected on the fact that a 
man’s hand can push a chipping hammer through a cut which, 
in the absence of the little hammer blows, would require a planer. 
Possibly there is something analogous in the effect of the tool 
carriage impelled by the elastic oil column, with the pump im- 
parting impulses to the other end of the column. 

(e) The intensity of these impulses varies with the pressure, 
and for such work as grinding, the working pressures must be 
kept low enough to avoid perceptible vibration which may mark 
the work. This condition tends to favor the gear pump for 
reciprocating small grinder tables, as the gear pump is normally 
4 low-pressure unit. However, the gear pump itself has a 
strong tendency to transmit vibrations, which are probably 
somewhat damped out by bypassing a part of the discharge 
through an orifice. The disadvantages of the gear pump are 
already leading some grinder manufacturers to experiment with 
low-pressure pumps of variable capacity, to get a definite series 
of table speeds. This entire phase of the hydraulic-feed art 
istapidly developing. It seems likely to the author that grinders 
of the heavier types will tend to be driven by pumps of definite 
displacement, with closed hydraulic circuits. 

(f) Stalling. The ability to stall against an obstruction 
Protects the parts against breakage and at the same time provides 
an ideal method of locating shoulders, facing to length, ete. 
The relief valve on the pump may be set to limit the stalling 
force to any desired amount. 

(9) Pressure Readings and Regulating Devices. The pressure 
gage on either a feeding or driving circuit gives important 
control over the operations. Dulling of tools is clearly indi- 
tated before breakdown of the cutting edge. This is partic- 
ularly valuable where expensive milling cutters and broach- 
ing tools are being used. The habit of watching the pressure 
gage is now bringing results in controlling the use of tools 
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which will have a strong influence in extending the field for 
the hydraulic drive. 

Various protective and governing devices may be operated 
by the pressure in the circuit. Broaching machines are equipped 
with an overload circuit breaker, which may be set to open and 
bypass the pump discharge when the pull on the broach exceeds 
any desired limit. Feed pumps are available which will auto- 
matically reduce their stroke as the pressure rises. These may 
be employed to give a gradually reducing feed when cuts become 
excessive, as in the large fillets in castings and forgings. 

Other regulating devices include a time-limit relay in the form 
of a dashpot attached to the valve gear of an automatic pump. 
This delays the actual carriage reversal after the feed reverse 
has tripped, and gives an adjustable time for completion of a 
facing cut. 


VARIABLE-DELIVERY Pumps witH CLosep Hypravu.ic Circuits 
vs. Pumps witH Bypassep Circuits 


All of the preceding remarks on the characteristics of hy- 
draulic feed are based on the use of a variable-delivery pump 
having an adjustable stroke, so that it is set to deliver only the 
exact amount of oil required for the given rate of feed, plus 
unavoidable leakage. Fig. 2 illustrates the oil circuit in such 
a case. For the sake of simplicity the figure shows the pump 
pushing the piston outward, and omits a valve which must be 
used to interchange the discharge and return pipes on the in- 
stroke. It is obvious that this arrangement gives a definite 
rate of feed proportional to the metered discharge of the pump, 
less leakage from the closed pressure side of the circuit through 
the pump pistons and the feed piston. It will also be clear 
that the rate at which the piston moves will never exceed the 
rate corresponding to the fixed discharge of the pump, and that 
greater or less resistance to the movement of the piston will 
only raise or lower the pressure in the cylinder and connecting 
pipe to the pump, without materially changing the speed at 
which the piston moves. 

Another type of circuit is extensively and successfully used 
for reciprocating grinder tables, etc. as mentioned earlier. 
Such a circuit is illustrated in Fig. 3, showing a gear pump 
pushing a piston at a rate corresponding to only a fraction 
of the displacement of the gear pump. The excess displace- 
ment escapes through a relief valve into the oilpot and is 
again taken up by the gear-pump suction pipe and continu- 
ously circulated. The pressure in the pipe leading to the cylinder 
is set at 300 lb. per sq. in. by the relief valve as indicated. As 
the oil flows through the choke A (which may be an adjustable 
needle valve) it falls to whatever pressure is required against 
the piston to overcome the mechanical resistance. As shown 
in Fig. 3, this pressure is 200 lb. per sq. in. on a piston of 10 sq. 
in. area to give a feeding force of 2000 lb. Under these 
conditions, the flow through choke A corresponds to 100 lb. 
net pressure, determining the rate of flow which will furnish 
200 Ib. pressure against the piston at the rate of feed for which 
choke A is adjusted. When the drills break through, or the 
mechanical resistance is otherwise removed, the pressure in 
head end of cylinder drops from 200 lb. to 0, and the flow through 
choke A immediately changes to the rate corresponding to 300 
Ib. net pressure instead of 100 lb. 

If the load to be driven by the piston of Fig. 3 consists of a 
grinder table weighing 500 or 600 lb. and carrying a grinding 
wheel whose total feeding resistance against the work is perhaps 
10 Ib., the load is principally due to inertia and is almost constant, 
and this type of circuit is distinctly applicable and its advantages 
are properly weighed by the designer against the advantages of 
the closed circuit of Fig. 2. 

As the bypassed circuit with an inexpensive gear pump is 
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extensively used for reciprocating tables, it is natural to infer 
its applicability to hydraulic feeds for drill presses and boring 
machines. As a matter of fact, drill-press feeds generally re- 
quire closed hydraulic circuits and variable-displacement pumps. 

If these conditions are not met, the results will usually be 
unsatisfactory. If a constant-displacement pump is used with 
a choked bypass to reduce the flow into the feeding cylinder to 
a required feed rate, the following troubles are encountered: 

(a) A large drill will feed slower than a small one. Several 
drills will feed slower than one drill. Still more important, 
after the drills are dull they will feed very much slower than 
when sharp, at which time the feed rate was adjusted. 

Hence the choke valve must be reset for every change in 
condition. When tried in practice, this is usually unsatisfactory 
except for very light drilling, or possibly in some cases for drilling 
wood. 

(b) Overheating. The oil bypassed under pressure during 
the feed is continually circulated by the gear pump against the 
full pressure of the relief valve as indicated in the figure. As 
the gear pump is usually made very large to provide displace- 
ment for a rapid traverse movement many times as fast as the 
feeding movement, almost the entire energy of this large gear 
pump is continuously converted into heat during the feeding 
operation. This overheats the oil, generates gas, and makes the 
feed irregular. In some cases use of the highest possible grade 
of lubricating oil will reduce these ill effects. 

(c) Rate of feed cannot even be approximated except by 
trial. 

(d) Drills jump ahead excessively when breaking through. 


FLEXIBILITY, EXTREME FEEDING ForcE, AND DURABILITY OF 
Hypravtic FEEeps 


The most obvious peculiarity of hydraulic feeds as now avail- 
able is their flexibility. Any rate of feed may be selected and 
the effect proved on the work. Designers of single-purpose 
machines do not have to assume feed rates in advance. The 
feeds given on production -tickets may be tried under shop 
conditions, and increased or decreased to get the best results. 
Experience shows that the effects of hydraulic feed cannot be 
predicted by records from mechanical feeds. The essential 
peculiarities pointed out in the paragraphs on Inherent Character- 
istics suggest that hydraulic feeding is an art in itself, and should 
be so treated. Some users report that a given gang of drills 
may be pushed twice as fast with the oil feed as with mechanical 
feed. The records of feeds and speeds made with geared ma- 
chines are not reliable guides for oil-driven machines. The most 
conspicuous example of the error of relying on traditional practice 
is the increase during the past few years in broaching speeds from 
4 to 5 ft. per min. up to 12 to 30 ft. per min. This performance 
has been well known in the trade for four years, and during that 
time many special milling machines have been equipped with 
Oilgear feed. Yet most makers of standard milling machines 
doubted whether anything of importance was to be gained by 
hydraulic feed, until one prominent builder showed a machine 
doing a heavy form-milling job with a feed of 10 in. per min., 
when the same builder’s best geared feed had only been able to 
feed the same job at 2°/, in. per min. In an example like this 
the increase is probably due in part to other factors than the 
hydraulic feed. But the builders of the machine referred to know 
of no way to get such a high feed rate except by hydraulic pres- 
sure. And they state that their cutters stand up better when 
fed by oil pressure. 

Extreme Feeding Forces. A car-wheel boring machine has 
recently been built using four variable-delivery pumps each having 
a capacity of 3060 cu. in. per min. at 1000 lb. per sq. in. pressure. 
Two pumps are used for chucking the car wheels, and two for 
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feeding two boring heads. The feed cylinders are 9 in. bore, 
giving an available feeding force up to 60,000 lb. on each carriage, 
The usual force is about 20,000 lb. These feeding pumps are 
shown in Fig. 4. The maximum rapid-traverse speed is about 
100 in. per min. 

Another example showing the adaptability to very high feeding 
forces is a machine for facing the ends of built-up structural 
columns. The cut is not fed across the end of the column, but 
a faceplate carries radially placed cutting blades, which are 
fed against the end of the column. The machines already 
equipped have one 9-in. feeding cylinder, driven by a hand- 
controlled pump. The minimum feed required is 0.05 in. per 
min. The feeding force specified was only 20,000 lb. and the 
9-in. cylinder was used to make possible the extremely slow rate 
of feed (see earlier paragraph on slip). 

After reporting very satisfactory results, the makers are now 
specifying a machine to be fed by two 9 in. cylinders in parallel 
with a single pump, to give a total feeding force of 100,000 
lb. 

The design in this case is simple in the extreme. ‘Two simple 
cylinders with abutments to support them on the baseplate, and 
with piston rods attached to the carriage, a standard pump cost- 
ing about $400, and a few pipes complete the outfit. 

Durability. A most significant advantage of hydraulic over 
mechanical feeds is their indifference to heavy work. A hy- 
draulic outfit will deliver its maximum feeding force day after 
day for long periods without strain or perceptible wear. Break- 
age is almost unknown. 


Hypravtic Units anp O11 Circuits 


(a) Fig. 5 shows a hand-controlled feeding pump A with its 
two pipe connections leading to the two ends of the feed cylinder 
or press cylinder B. At the high points of the pipe lines are 
automatic air drains C with drain pipe back to oilpot of pump. 

Fig. 6 shows the pump removed from its oilpot, and with 
cover off. Control handle E operates stroke-changing cam ( 
through a train of gears F. Cam G rolls against a fixed roller 
H, and is held against roller by a light spring and a small hy- 
draulic plunger not shown. 

This is the simplest feed-control system, and the automatic 
pump and circuits shown below are developed around it. This 
unit comprises two separate pumps; a variable-delivery pump 
on the upper side of the baseplate, and a large gear pump oD 
the lower side. The latter pump is employed to furnish a large 
flow of oil for rapid traverse movements. 

(b) Fig. 7 shows the simplest valve-controlled pump 4 
ranged for automatic control. The unit comprises a variable 
delivery pump with a slightly larger gear pump to supercharge 
it. But the flow from the gear pump is not used for rapid tr 
verse, as in Par. (a) above. 

It has one rapid traverse movement and one adjustable feed 
in either direction. The control-valve stem A has five positions, 
and is operated from cam plates attached to the table or tool 
head, as indicated in Fig. 8. This valve operates to control 
the flow from the variable pump to the feed cylinder, and alse 
controls the admission of pressure from the gear-pump cireult 
to change the stroke of the variable pump from full stroke for 
rapid traverse to the preadjusted full stroke. 

When very long table strokes are required as in some grinders, 
or when the table movement is rotary as in some milling ™* 
chines, it is desirable to use a rotary motor in place of the feed 
cylinder. Such a motor is shown in Figs. 9 and 10. Its case# 
about 13 in. diameter. Its capacity in horsepower and in torque 
is given in the caption of Fig. 9. 

The working parts of such a motor are identical with those of 
the corresponding pump. 


| 
u 
a 
d 
ck 
oO 
of 
th 
fle 
di 
at 
of 
lal 
th 
all 
col 
ov 
cre 
jur 
on 
pre 
to 
pro 
effi 
mec 
be 
tain 
aa 
1 


Figs. 11 and 12 show respectively the front and rear views of 
a semi-automatic press for pressing the brake spiders on the 
ends of a rear-axle housing. The housing is accurately located 
and held by expanding jaws A, Fig. 11, which are operated by 
the cylinder B, Fig. 12. This cylinder must operate through 
its full clamping stroke before the main pressing cylinder EZ 
begins its stroke; a requirement which is met by the spring re- 
sistance valves C and D in the pipe leading from the pump to 
the two ends of the main cylinder. The branch pipes leading 
to the clamping cylinder have no resistance valves, and hence 
the clamping cylinder operates first in both forward and return 
strokes. 

The spring-resistance valves referred to are shown in Fig. 15. 
These valves oppose a definite resistance to the passage of the 
oil in one direction, and permit free passage in the opposite 
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direction. The valves may be either adjustable or non-ad- 
justable. 
CoNCLUSION 


In this paper the author has only aimed to make an outline 
sketch showing the trend and progress to date of this develop- 
ment. The changes in machine-tool design which have actually 
come about in the past five years seem sufficient to suggest that 
every machine-tool designer should now be studying the new 
hydraulic engineering, as he has learned in the past to study 
electrical engineering. When a large number of designers in 
the machine-tool field are actively considering the possibilities 
of the hydraulic solution of every problem as compared with the 
possibilities of the electrical and of the mechanical solutions, 
the true field of the hydraulic method will be rapidly defined, 
to the great benefit of all builders and users of machine tools 


After showing that incompressible fluids have advantages over 
air for machine-tool drive and operation, the author shows how 
the pressure and volume of the pumping unit are determined by 
the energy required of the device in a unit time, and passes on to 
a study of the control devices for regulating the volume of fluid 
delivered to the driven unit by the throttle valve and bypass valve. 
Applications of hydraulics to several types of machine tools are 
then described, with brief comments on the valves employed and on 
air accumulation in the oil lines. 


YDRAULIC pressure has been in use for many years in 

the mechanical trades to obtain movement in its various 
forms, as can be readily seen in hydraulic presses, testing ma- 
chines, saw tables in the lumber industry, ete. 

Compressed air has also been used to a large extent in the 
operation of chucking devices, drills, hammers, in the movement 
of slides from one position to another against stops, etc.; and 
this development is a very logical one, owing to the extreme 
flexibility of the application of air for the remote control of 
distant or moving parts, to its automatic adjustment of pressures 
at whatever position the mechanism is stopped, and to the ease 
of employment of high pressures with the minimum of manual 
labor, all of which make this development a logical parallel to 
the use of hydraulic pressure. 

However, the compressibility of the air itself has defeated 
all attempts to obtain uniform movement of slides by air. This 
condition is caused by the necessity of building up pressure to 
overcome the static friction at the start of the movement, thereby 
creating an uneven or jerky motion which causes the slide to 
jump forward until the pressure equals the friction plus the load 
on the slide. 

This uneven motion has caused engineers to turn to incom- 
pressible mediums such as water, mercury, or oil, particularly 
© oil on account of its lubricating qualities, and it has been 
proved that as long as air is kept out of the system, it is a very 
efficient means of transmitting a steady flow of power. 


How Hypravtic Power May Be TO MaAcHINES 


First, let us consider how this power may be applied. Any 
mechanical movement, reciprocative or rotative, that is to 
be obtained hydraulically can be figured to require a cer- 
‘ain maximum amount of energy in a given interval of time, 
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Hydraulics and Modern Machine-Tool Design 
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as, for example, inch-pounds per minute. Hydraulically this 
means pressure per square inch times the area in square inches 
of the surface on which this pressure is impressed, times the 
travel of the said surface in inches per minute. 

This reduces, of course, to pressure per square inch times the 
displacement in cubic inches per minute, a direct indication of 
the capacity of the pumping unit required, subject to correction 
for losses by friction in pipe lines, by leakage, etc. 

Having determined the pressure and volume required in our 
pumping unit to satisfy the maximum requirements of our 
mechanisms, let us see how we may control this mechanism 
from rest to its maximum speed; for, aside from its simplicity 
of application as a transmitter of power, the most outstanding 
advantage of this hydraulic transmission of power is in its sensi- 
tive and easy control of the speed of the driven mechanism. 

If we pass the entire output of our pumping unit through our 
driven unit, the speed of this driven unit may be regulated by 
controlling the volume delivered by the pumping unit by varying 
either the latter’s speed or its displacement. This constitutes 
a very efficient means of control, limited only by the mechanism 
involved to accomplish the result. 

Speed control may also be obtained by means of a throt- 
tling connection between the two units. If this throttle is closed, 
the flow of fluid will not pass to the driven unit, and there- 
fore the driven unit will remain at rest or stop if it is in 
motion. The output of the pumping unit in excess of mo- 
mentary requirements must be taken care of by a bypassing relief 
valve set to open at slightly above the maximum pressure needed 
for maximum requirements. In other words, the pumping unit 
becomes a nominally constant-pressure unit as well as a constant- 
volume unit. Truly, it imposes a constant load on the factory 
power system, but matched against this is its simplicity and 
general utility. The pumping unit becomes a common source 
of supply from which a number of various mechanisms may be 
operated, governed by their individual controls, up to the limit 
of its own capacity. The relief valve takes care of the excess 
volume and maintains full pressure on all of the lines at all times. 


EXAMPLES OF APPLICATION OF HYDRAULIC PRESSURE IN 
MacuHINE Toots 


The following outline of several different applications of 
hydraulic engineering to machine tools will give a brief idea of 
what is being accomplished in this field. 
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Internal-grinding-machine tables are being reciprocated at 
high speeds with practically no shock at reversals. This is 
accomplished by using a double-acting-cylinder unit, to drive the 
table in either direction, controlled for reversing by a four- 
way valve which connects one end of cylinder to the pressure 
line and the other end to the exhaust line in one position of the 
valve, and reverses these connections in its other position. Vari- 
ous types of valves are used, some of the piston type, some of 
the disk type, and still others of the taper or stop-cock type. 
This reversing valve is operated by dogs on the table, ad- 
justable for various lengths of stroke and relative position of 
the stroke to other units. Reversal of the valve by the dogs at 
each end of the stroke may be wholly by mechanical actuation, 
or may be accomplished through the actuation of a supplementary 
valve or valves which in turn actuate the main valve hydrauli- 
cally. To obtain reversals at high speed, oil dashpots are gen- 
erally employed in the reversing mechanism to impede its action. 
However, the use of a relief valve on the main oil supply auto- 
matically prevents the rapidly moving table from being at any 
time imposed against an incompressible body of oil in a closed 
chamber. 

As stated, previously, air must be kept out of the oil sys- 
tem to insure smooth motion. This means tight joints in the 
pipe lines, especially on the suction side of the pumping unit. 
At best, however, some air will be picked up by the oil, and 
must be allowed to escape. This may be done by the occa- 
sional opening of pet cocks at the highest points in the 
system, or will be done automatically if provision is made to 
keep the oil in motion at the highest point, thereby carrying 
the air with the oil back to the reservoir tank. Sharp turns in 
the pipe lines should be avoided, if possible, to reduce friction. 
Eddy pockets should be avoided as these tend to separate the 
air which the oil may be carrying in solution. 

These grinding machines also gain in speed control by the use 
of oil transmission of power. By the use of suitable throttle 
valves and bypass valves, four changes of table speeds are 
employed during the grinding of one work piece: a rough- 


grinding speed, a wheel-dressing speed, a finish-grinding speed, 
and a fast speed for separation of wheel and work to allow room 
for chucking. The three first named are all adjustable indepen- 
dently. 

Oil pressure is also made use of on machines of this type, for 
the operation of chucking devices, for the opening and closing 
of chuck guards, for the actuation of diamond dressing tools, ete, 

On other types of grinding machines, oil pressure is used to 
obtain feed of the wheel to the work, either by increments or 
continuously, during the grinding operation. Wheels are 
rapidly advanced to and withdrawn from grinding position, as 
in the grinding of crankshafts. These crankshafts are now 
being clamped by hydraulic pressure with the mechanism inter- 
locked so as to prevent any grinding being started before the 
clamps are in proper position. 

Wheels are being carried across the work surface at slow speed 
in one direction and retracted in the opposite direction at high 
speed, by interposing a valve which will throttle the oil supply 
when passing through in one direction and which will open as the 
direction of oil is reversed—a modified check valve. This valve 
of course is placed between the main reversing valve and one end 
of the cylinder. 

Indexing mechanisms are being operated and locked by 
hydraulic pressure on various types of machine tools. 

Broaches are being pulled through by hydraulic-cylinder 
units. 

Drills and cutters are being held into their cut at a uniform 
pressure by hydraulic means, with an automatic withdrawal at 
the completion of the operation. 

It will thus be seen that the use of hydraulic pressure on differ- 
ent machine tools and also for different movements in any one 
machine tool is of great value in eliminating complicated mech- 
anisms with their attendant strains and bearing friction. 

Hydraulic pressure is rapidly being applied to all types of 
machine tools and fixtures, and its uses are practically unlimited 
as it remains only necessary to solve the problem of the proper 
method or system of application. 


After giving a brief history of the development of power-driven 
feeding mechanisms for milling machines generally, the authors 
describe a hydraulic system which they believe meets the conflicting 
requirements which a power-driven feeding device on milling ma- 
chines should satisfy. The operating characteristics of a hydraulic 
feeding device are stated and the various circuits such as the feeding, 
rapid traverse, etc., are described. The purpose of the differential 
pressure-control valve is stated, and the device illustrated and de- 
scribed. By lowering the idle pressure as compared with that 
required by the simple relief-valoe system and by holding the pressure 
at all times to the level required for the cut taken, this device increases 
the cutting capacity of the machine and its mechanical efficiency. 
At the same time it reduces the variation in back pressure under inter- 
mittent cutting, and consequently produces a smoother table movement. 


‘THE development of power-driven feeding mechanisms on 
milling machines has proceeded along lines similar to the 
development of other machine tools. 
The first milling machines built some hundred or more years 
ago had no power-driven feeding mechanism at all. About the 
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Hydraulic Feeding Mechanism for Milling Machines 
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middle of the last century the so-called Lincoln-type milling 
machines were introduced, and on these the table-feeding mech- 
anism was driven by means of a belt and multiple-step cone 
pulleys, thus providing a variable feeding rate. Structural 
limitations of pulley diameters and belt widths resulted in their 
restriction to relatively light cuts and correspondingly slow feed 
rates. The rate of table traverse was a function of the number 
of revolutions per minute of the spindle, since one cone pulley 
was placed on the spindle itself and the other upon the feed 
driving shaft. 

Toward the end of the last century and the early part of the 
present century milling machines with positively driven feed 
change mechanism began to make their appearance, and with 
this construction faster feed and heavier cuts became possible. 
The disadvantage of the construction then used, however, ¥# 
that the feed transmission was still driven from the spindle. 
Thus when the spindle rotated at slow speed the rate of feed in 
inches per minute was slow even when the fastest feed of the 
mechanism was used, while when the spindle was running fas 
an exceedingly high table travel resulted. This was fre quently 
too high for practical use, even when the slowest feed rate Ww 
employed. 
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To overcome this difficulty a drive of the feed mechanism 
entirely independent of the rotation of the spindle was developed, 
thus providing feed rates in inches per minute. 

With this construction the spindle and feed mechanism were 
driven from the same source by independent belts, and when- 
ever the spindle-driving belt slipped, an accident resulted. 

With the advent of the single-pulley milling machine with 
self-contained speed-change mechanism the feed transmission 
was driven directly from the pulley shaft. Feed rates in 
inches per minute and independent of the spindle speed were 
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provided, and at the same time the possibility of a wreck as 
indicated above was avoided. 

At the present time the rates of traverse provided on milling- 
machine tables vary through a wide range. This is due not 
only to the great variety of materials milled but also to the great 
variety of diameters and types of cutters used. Consequently 
we find many milling machines with a feed range of from 1/3 
in. to 30 in. per min. (i.e., a ratio of 60 to 1). 

To cover such a large range with a mechanical feed-change 
mechanism naturally requires a large number of gears, as in 
order that the most economical feed rate may be used for each 
individual job it is essential that the gaps between successive 
rates be not too great. As usually arranged, the mechanism pro- 
vides a feed rate advancing in a geometric progression, and 
even an increment of 20 or 25 per cent might not give the most 
economical feed rate. 

It is therefore desirable to have as large a number of feed 
ges and as close a spacing as can possibly be provided. 
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Frequently the amount of metal to be removed on various 
sections of the piece varies considerably. The amount to be re- 
moved at one place may be 10 cu. in. per min. and at another place 
only 3 cu. in. permin. For production work it is impracticable to 
manually change the rate of feed during the cutting operation 
in order to utilize as nearly as possible the maximum capacity 
of the machine. It is, however, very desirable that such an 
automatic change of feed rate shall be obtained for maximum 
production. 

In other classes of work it is desirable that when the cutter 
enters the work the feed rate shall be slow, so that the work will 
not be lifted out of the fixture or vise. Later the feed rate may 
be materially increased, and thus the cutting time of the piece 
reduced. 

On work where feeding against a shoulder or into solid metal 
is required, automatic decrease of the feed rate is very desirable, 
thus increasing the production and at the same time raising the 
grade of finish. 

These are some of the problems which up to this time have 
not been satisfactorily solved in production milling. 

Frictional feed devices of course provide just the conditions 
desired but lack positiveness and durability. Mechanical 
devices give positive feed but lack flexibility. 

The hydraulic system described below as embodied in the 
Cincinnati Milling Machine Company’s “Giant Hydromatic” 
fully meets these conflicting requirements. 


GENERAL CHARACTERISTICS 


In the application of hydraulics to the reciprocation of a 
milling-machine table the following operating characteristics 
must be provided: 


1 Reciprocation in either direction at normal feeding rates 

2 Reciprocation in either direction at rapid traverse rates 

3 Positive control of feeding movement regardless of the 
direction or amount of the resultant cutting force 

4 A locked condition of the table when in the stopped posi- 
tion, thus rendering it incapable of movement under the 
action of the cutter 

5 The ability for accurate reversal of the table under any 
cutting condition 

6 A readily controlled acceleration or deceleration of the 
feed rate during a cut 

7 Economical operation. 


Items 3, 4, and 5 are particularly necessary whenever the re- 
sultant cutting force may lie in the same general direction as 
the normal feeding movement. This condition frequently 
occurs in face milling when the arrangement of the work surface 
is such that it engages with the cutter on the lower portion only. 
It also occurs in certain classes of slab-milling and slot-milling 
work, where a downward movement of the cutter upon the work 
has been found to possess marked operating advantages. 

The above operating characteristics have been obtained in the 
present instance by the use of a special combination of pumps 
and auxiliary devices arranged to provide a locked control system; 
this system being the outcome of a great deal of experimental 
work with a considerable variety of circuits. 


Tue Feepine Circuir 


Fig. 1 shows in simple diagrammatic form the arrangement of 
the elements involved in the feeding circuit only. C is a cylinder 
securely bolted to the bed and carrying a sliding piston P con- 
nected to the table by a substantial piston rod. V is a reversing 
valve; OG an Oilgear variable-displacement pump, and B a 
small high-pressure booster pump codperating with the latter 
to produce a continued forward pressure upon the piston P, 
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the amount of this pressure being determined by the setting 
of the relief valve R. 

The space within the cylinder on both sides of the piston is 
at all times completely filled with oil, consequently, in order 
that the piston may actually be moved in a given direction by 
means of the forward pressure, it is necessary that the oil on 
the other side may be able to escape. 

If no escape is permitted there will be no movement of the 
piston; if some escape is permitted then the piston will advance 
just as fast as the escaping oil will allow it, and with a positively 
controlled escapement the rate of advance is virtually independ- 
ent of the amount of forward pressure applied. 
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Fig. 2 Raprw-TRAVERSE CIRCUIT 


From Fig. 1 it is evident that the only avenue of escape for 
the oil from the rear end of the cylinder is by way of the pipe D 
through the reversing valve and thence through the Oilgear 
pump. Consequently, the quantity of oil permitted to escape 
from the cylinder is definitely fixed by the displacement of the 
Oilgear pump. As the displacement of this pump may be 
varied at will from zero to maximum, it is obvious that in this 
way the forward rate of the table may likewise be readily varied 
from zero to maximum. Furthermore, in contradistinction 
to ordinary practice the feed rate is determined not by the 
amount of oil fed to the cylinder, but by the amount permitted 
to escape from the discharge end. In this way a high back 
pressure is built up to resist the movement of the piston, thus 
providing a constantly receding restraint. 

The amount of this back pressure is not constant but varies 
with the direction and amount of the resultant cutting force. 


In the case of an upward cut (i.e., against the direction of the 
feed) the back pressure is approximately equal to the forward 
hydraulic pressure minus the horizontal component of the 
cutting force, whereas in the case of a downward cut (i.e., with 
the direction of the feed) the back pressure is approximately 
equal to the forward hydraulic pressure plus the horizontal 
component of the cutting force. The exact figure in each case 
is dependent also upon the amount of the frictional resistance 
encountered by the table, and upon the ratio of the effective 
areas of the two sides of the piston. 


Rapip TRAVERSE 


The circuit described above pertains to a movement of the 
table at feeding rates only. In order to provide in addition a 
high table speed for rapid approach to the work and rapid return, 
use is made of an auxiliary, large-volume, low-pressure gear 
pump. 

Fig. 2 shows in diagrammatic form the arrangement of the 
rapid-traverse circuit, and from this it is evident that operation 
of the reversing valve to right or left causes an alternate con- 
nection of the opposite ends of the cylinder to pump and to 
reservoir, thus providing a rapid traverse of the table in either 
direction. An emergency relief valve ER is provided to safe- 
guard the system in the event of a table jam. 


ComBINED CIRCUIT 


For the sake of simplicity in the foregoing paragraphs and 
sketches, the feeding and rapid-traverse circuits have been 
separately described and shown. In actual practice both cir- 
cuits are interconnected and operated by a common control or 
selector valve arranged to provide both a reversal of table move- 
ment and a change of speed from feed rate to rapid traverse, or 
vice versa. This is accomplished by the use of a valve having 
both reciprocatory and oscillatory motion. 

The entire hydraulic circuit, together with the effects pro- 
duced by successively placing the selector valve in each of its 
four operating positions, is shown diagrammatically in Figs 
3, 4, 5, and 6. An auxiliary valve to start and stop the table 
movement under any condition is shown at S. 

Inspection of the above diagrams will show that when the 
selector valve is set to provide a rapid traverse movement of 
the table the entire feeding system is short-circuited, and simi- 
larly, when set to provide a feeding movement of the table the 
rapid-traverse system is short-circuited; thus either system is 


independently available at will for table reciprocation. 


A check valve H in the rapid-traverse-pump discharge line 
provides a means for preventing a reversal of flow in this line, 
and thus permits a rapid return movement of the table even 
when in the middle of a heavy downward cut. Without this 
valve the horizontal force imparted by the cutter to the table 
in the direction of its feeding movement would be sufficient to 
overcome the relatively low rapid-return pressure, thus reversing 
the flow in this line and opening the emergency valve ER. Such 
an action would permit a rapid escape of the back-pressure oil, 
with a consequent jamming of the work under the cutter. 

By the provision of the check valve H, this reversal of flow 
is prevented and the cutter is permitted to properly clear itself 
before the initiation of the return movement. 


DIFFERENTIAL PRESSURE-CONTROL VALVE 


In the foregoing description of the feeding circuit the forward 
pressure has been assumed to be maintained at a constant value 
by the relief valve R. In actual practice, however, this is no 
the case. 

In order to obtain economical operation and also to maintall 
a steady table movement, it is desirable that the forward pressure 
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be not constant but be automatically adjusted to meet the various 
operating conditions. This is accomplished by the use of a 
special differential control valve (D.C.V.—Fig. 4) which takes 
the place of the plain relief valve shown at R in Fig. 1. 

As previously described, the back pressure on the piston under 
all conditions is a function both of the forward hydraulic pressure 
and of the horizontal component of the cutting force. For the 
simple circuit shown in Fig. 1 (where the forward pressure is 
maintained at a constant value) the variation in back pressure 
due to changes in direction and amount of the cutting force is 
approximately as shown in Fig. 7. 

With a downward cut the back pressure rises; with an upward 
cut the back pressure falls. Thus, from the curves shown, it 
is evident that with a constant forward pressure of 600 Ib. per 
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8q. in. and a cylinder of 4"/, in. bore the limit of upward cutting 
is reached with a horizontal cutter load of approximately 8000 
lb.; the back pressure under these conditions being reduced to 
zero. With a downward cut the increase in back pressure is 
directly proportional to the resultant horizontal force imparted 
by the cutter to the table, and it will be noted that when this 
force has a value of 7500 Ib. the back pressure (feeding to right) 
has already reached a value of 1200 Ib. per sq. in. 

Fart hermore, with such a rapid change in back pressure rela- 
tive to the cutting force, the effect of momentary changes in 
this force (as caused, for example, by the successive impacts of 
the cutter teeth, and by the eccentricity of the cutter itself) 
may become unduly great. It may readily be shown mathemat- 
tally that owing to the compressibility of the oil these changes 
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in back pressure, with the resulting volumetric variation in 
the oil itself, may cause an objectionable degree of table move- 
ment. This is overcome, as stated above, by the use of the 
differential valve. 

Fig. 8 shows the general arrangement of this differential valve. 
The end A is connected to the forward pressure line, and the 
plunger end B acts in an exactly similar manner to that of the 
simple relief valve shown in Fig. 7(a) to permit the escape of 
the excess oil supplied by the booster pump. The back-pressure 
oil returning from the cylinder enters this valve through the 
inlet port C and passes out through the outlet port D on its way 
to the variable-displacement pump. In passing through this 
valve the back pressure also acts by way of the radial and axial 
holes E, F, and G upon the enlarged plunger head H, thus assist- 
ing the forward pressure in its work of moving the plunger 
against the compression of the spring J. 

Thus it is obvious that if the back pressure be reduced, the 
forward pressure must carry a greater proportion of the spring 
load and thus will be cOrrespondingly increased; whereas, if 
the back pressure be increased, the forward pressure will corre- 
spondingly decrease. 

The effective area under the head H upon which the back 
pressure acts is, in the present instance, three times the area of 
the end B acted on by the forward pressure. Thus, for a given 
change in back pressure, the corresponding change in forward 
pressure is three times as great. 

The relation between forward and back pressures for any 
resultant force under these conditions is shown in Fig. 9. It will 
be noted that by the use of the differential valve the capacity of 
the machine has been tremendously increased. In upward 
cutting the back pressure does not fall to zero until a cutting 
force of approximately 15,000 lb. has been reached, yet at this 
time the forward pressure has not exceeded a satisfactory figure. 
With a downward cut of 6000 lb. the back pressure is only 400 
Ib. per sq. in., the forward pressure at this time being reduced 
to about 50 lb. per sq. in. 

Under these conditions the forward pressure has reached the 
limit set by the natural throttling of the oil through the small 
orifice K, thus no further reduction can take place, and conse- 
quently for increased cutter loads in this direction the back 
pressure will increase at a faster rate. This accounts for the 
sharp upward break in the back-pressure curve at this point. 

In order to safeguard the machine against excessively heavy 
downward cuts, the upper portion of the differential-valve 
plunger is provided with a tapering shoulder L, which acts under 
a predetermined limit of pressure to shut off the flow of the back- 
pressure oil to the variable-displacement pump, in this way 
tending to reduce or entirely stop the table feed. 

In upward cutting, a limit is automatically provided when 
the back pressure falls to a low value. Under such circumstances 
a check valve M, Figs. 3 to 6, opens to admit a flow of oil from 
the rapid-traverse-pump discharge line to the variable-dis- 
placement-pump intake. This tends to keep the entire system 
filled with oil under pressure at all times and permits an un- 
interrupted normal operation of the variable-displacement pump 
under all operating conditions. 

By the use of the differential valve, the idling pressure has 
been lowered to 300 lb. per sq. in., as compared with at least 
600 Ib. per sq. in. required by the simple relief-valve system, 
and at all times the pressure is advanced only to the degree 
required for the cut taken. Thus the cutting capacity of the 
machine and its mechanical efficiency have been greatly in- 
creased; and furthermore, by virtue of the compensating action 
provided, the variation in back pressure (and consequent irregu- 
larity of table movement) have been reduced to a satisfactory 
condition. Surging of the valve is prevented by the choking 
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action of the restricted passage space between the plunger 
portion H and the valve-body bore. 


PRACTICAL APPLICATION 


In the development of this hydraulic feeding system a con- 
siderable variety of circuits and devices were experimented with 
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This construction renders the entire unit readily removable 
and furthermore any slight leakage from pumps, valves, etc. 
is directly returned to reservoir. 


ELIMINATION OF AIR FROM SYSTEM 


In any hydraulic system used in the operation of machine 
tools it is essential that special 


| | [ | care be taken to eliminate air 

from the entire circuit. This 

| is successfully accomplished in 

NC | the present instance by the pro- 


a 


vision of an air-drain coil in each 
Mg eylinder head. 


These air drains each consist 


(a) Reservoir | 
| of a tightly wound coil of about 
| 36 ft. of 0.045-in.-bore copper 
| | \ | tubing, one end of which 
cies | | | | | | municates directly with the in- 
© \ | side of the cylinder at a point 
\ ~ | lose to the top, and the other 
a forward Pressure y \ end with a pipe leading to reser- 
voir. 
: x 0 Lb per Sg.In As the resistance to the flow 
_ of air through these tubes is so 
+ \ much less than that encountered 
by the oil, a ready escape is 
Approx. Cutting provided for any air which may 
Force 75001b enter the cylinder, while the 
60012 per Sg.in | leakage of oil through the same 
200 pith tubes is an insignificant amount 
Sarre ADVANTAGES GAINED BY THE 
| Use or Hypravtic Freep 
| 1 Flexibility of Feed Control 
Cutting Down The advantages gained by the 


Cutina Force 


Fic. 7 APPROXIMATE RELATION BETWEEN ForWaArRD Pressure, Back PrEssSURE, AND CUTTER 
Loap wiTH RELIEF-VALVE SysTEM 


to determine their ability to fully meet production milling condi- 
tions. 

For this purpose the various experimental elements were 
arranged as shown in Fig. 10, the pumps being independently 
driven, and connected with the cylinder and valve members by 
means of piping. In this way any desired circuit could be ar- 
ranged and tested under actual milling conditions. The final 
circuit as described above is the result of this investigation. 

In its practical application the system has been reduced to a 
few relatively simple parts so grouped as to form a compact yet 
readily accessible hydraulic unit. As shown in Figs. 11 and 12, 
the elements used comprise the rotor and pendulum of a standard 
Oilgear pump, a small booster pump of extremely simple con- 
struction, a high-grade gear pump, and the necessary control 
valves. External piping has been practically eliminated, the 
various interconnections being chiefly made by drilled holes 
through the various parts. This insures a correct and de- 
pendable arrangement of the circuit, and adds greatly to the 
neatness and reliability of the entire system. 

From Figs. 11 and 12 it will be seen that all three pumps to- 
gether with the control valve and auxiliary mechanisms are 
compactly arranged in a single casing, an extended lower portion 
of which forms the oil reservoir. As shown in Fig. 13, this unit 
is attached to and forms the closing member for the rear portion 
of the main bed structure of the Cincinnati “Giant Hydromatic” 
miller, two pipe unions only forming the connection from the 
unit itself to and from the table cylinder. 


use of hydraulic feed are as fol- 
lows: 

a Any desired feed rate from 
zero to maximum, As _pre- 
viously stated, this is accomplished merely by the setting of the 
pendulum of the variable-displacement pump from zero to 
maximum. 

b Automatic change of feed rate during cut (if desired), thus 
providing maximum metal removal. 


ce Any desired cycle of feed and quick traverse in either 
direction, together with automatic stop or feed change at any 
point. 

d Possibility of milling in a given direction until the table 
encounters a positive stop, then dwelling to allow cutter tu clear 


itself, and after a predetermined short interval of time auto 
matically returning the table at a rapid traverse rate. 

e Accuracy of trip. Owing to the fact that no clutches or 
other mechanical devices are employed which may carry varying 
loads depending on the size of the cut taken, the tripping from 
feed rate to rapid traverse or vice versa is very accurate. This 
is assisted by the particular design of valve used, which provides 
a balanced condition at all times. 

Item 6 is particularly valuable in production milling wherever 
the width of piece to be milled is not uniform throughout its 
length. Under existing practice it is necessary to limit the 
feed rate for the entire piece by the proper rate for the widest 
part, whereas with the hydraulic system a simple cam may be 
arranged as shown in Fig. 13 to automatically adjust the feed 
rate to the amount desired for each successive table position. 

Figs. 14 and 15 show the benefit derived by the use of this 
feature on a typical face-milling job. The curves shown were 
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described by a graphic wattmeter and thus indicate both the 
instantaneous power required and the length of time taken for 
the entire piece. With a constant feed rate as in Fig. 14 the 
maximum power was required for a relatively short space of 
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time, the entire cut taking 137 seconds. On the other hand, with 
the cam-adjusted feed rate as shown in Fig. 15, this time was 
reduced to 100 seconds, the maximum power being approxi- 
mately constant throughout the entire cut. 
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(With differential valve; ratio 3:1.) 


By the use of an auxiliary hydraulic attachment a similar 
automatic adjustment of feed rate to suit the work can in certain 
cases be provided, thus eliminating the need for a special cam. 

2 Longer Cutter Life. In the application of hydraulics to 
broaches, drilling machines, and other machine tools one of the 
Most outstanding characteristics noticed has been an exceptional 
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Fie. 10 Unit 


increase in the life of the tool, and the same effect has been found 
to exist in the case of the hydraulic-feed milling machine. 

For a proper understanding of this phenomenon we must con- 
sider in detail the action of a cutting tool during the process of 
chip formation. 

It has been repeatedly shown that the formation of a chip 
by the action of a tool in its passage through the metal is by 
no means a continuous or uniform process involving a constant 
pressure upon the tool. Even when the chip removed is of uni- 
form cross-section, the force normal to the cutting edge varies 
in a definite cycle with the formation of each successive chip 
element. It appears, in fact, that with a chip of any practical 
thickness we have a continued succession of plastic deformation— 
with a consequent crystal elongation and work hardening— 
and subsequent shear. 

Under practical cutting conditions these load variations occur 
at exceedingly high rates (probably in the neighborhood of 1000 
per second), consequently the actual instantaneous force varia- 
tions on the cutting tool will be greatly influenced by the char- 
acter of the mechanism sustaining the work in opposition to the 
cutter. Where this mechanism is of a mechanical nature, rela- 
tively little yield can occur, and consequently the peak loads 
may rise to a high value. Furthermore, to the extent that any 
of these members may yield, the energy stored by such yielding 
is fully returned to the system during the periods of diminishing 
load. With a hydraulic feed mechanism, on the other hand, owing 
to the far greater compressibility of the oil, greater yielding can 
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take place; consequently the peak loads cannot rise to so high 
a value. Furthermore, due to the fact that the slight leakage 
constantly occurring throughout the system is a function of the 
instantaneous pressure, it is obvious that such momentary in- 
creases of pressure as do occur tend to momentarily increase 
the leakage. Thus in this case there is never a complete return 
to the system of the energy stored in the yielding members. 

The exact effect of the hydraulic feed upon the character of 
the instantaneous-pressure curve has not yet been definitely 
determined, but it is apparent that some such action as above 
described must inevitably take place. An investigation is now 
under way to obtain exact information in regard to this action, 
and to the effect of the various factors involved; the instantaneous 
force variations being analyzed by the use of piezoelectric pres- 
sure gages. 

In the case of milling we have in addition to these high-fre- 
quency force variations a further cyclic variation due to the 
successive impacts of the cutter teeth upon the work. Even in 
the case of spiral or helical mills where several teeth are in con- 
tact with the work at the same time, the summation of their 
individual loads cannot be constant. Furthermore a milling 
cutter is never absolutely concentric, and thus we have an addi- 
tional cyclic variation of the load per revolution of the cutter. 
The last two variations, namely, those caused by the tooth 
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impacts and by the eccentricity of the cutter, can readily be 
investigated by the use of a graphic wattmeter. 

Fig. 16 is a graphic-wattmeter record expanded to such a 
degree that both of these variations are clearly visible. Figs. 
17 and 18 are wattmeter records of identical cuts taken on 
machines similar in every respect with the exception that one 
was arranged with a mechanical feed while the other was ar- 
ranged with hydraulic feed. The same cutter was used and all 
precautions were taken to produce identical conditions on both 
machines. From an inspection of these curves it will readily 
be seen that the power variation due to cutter eccentricity was 
very much less in the case of the hydraulic feed. Owing to 
the depth of the cut taken in this case, and the scale of the chart, 
the individual tooth impacts are not visible. 

Simultaneously with the taking of the power records, records 
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were also made of the actual movement of the milling-machine 
tables; the curves made by the mechanical and hydraulic m& 
chines being respectively shown in Figs. 19 and 20. Close 
inspection of these curves will show that the mechanically 
driven table moved at a practically constant rate, while the 
hydraulically moved table did not move at a constant rate but 
definitely yielded a measurable amount under each successive 
tooth impact and for each revolution of the cutter. These 
curves definitely associate the yielding of the table with the 
reduction in power variation per revolution of the cutter, and 
consequently tend to bear out the theory that the increase i0 
cutter life with a hydraulic feed mechanism is directly due t 
the fact that it does provide a yielding drive in place of the 
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absolutely constant drive furnished by a mechanical feed. 
3 Efficiency of Metal Removal. Practical tests covering a 
wide variety of work have indicated substantially higher effi- 
ciency of metal removal per hp. by the use of the hydraulic feed. 
The result of this investigation together with detailed data 
obtained by the investigation on cutter life and chip formation, 
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During the experimental work which was carried on it fre- 
quently happened that the machines and cutters were over- 
loaded to a point where the feed mechanism was stalled, and 
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(when feeding both with and against the cutter), will be made 
the subject of a subsequent paper. 

4 Safety. As previously described, the entire feeding trans- 
mission 18 automatically safeguarded against overloading by 
the action of the various relief and control valves, consequently 
at no time can a wreck occur. 
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occasionally the work slipped from its proper position. In no 
case, however, did the machine or cutter suffer any serious 
damage. 

5 Simplicity. From an inspection of Figs. 11, 12, and 13, 
it is obvious that this hydraulic feed mechanism, as a self- 


contained unit, is far simplier than a corresponding mechanic. 
feed transmission with its numerous shafts, gears, clutches, etc. 
Auxiliary transmissions are completely avoided, and, as shown 
above, it provides many valuable features unobtainable wit 
a mechanical feed drive. 


The Development of Hydraulic Feeds on Multiple Drilling 
Machines 


By R. M. GALLOWAY,'! RICHMOND, IND. 


The author tells first of the three types of hydraulic pumps in 
general use for feeding machine tools: namely, the gear pump, 
arranged to operate at pressures up to 250 lb. and capable of delivering 
a constant volume at a constant pressure; the multiple-piston pump 
with variable stroke, built to deliver a variable amount of oil at pres- 
sures up to 1000 Ib.; and a combination of these two arranged to 
deliver a large volume of oil at 250 lb. pressure from a gear pump 
and a smaller volume from a variable-delivery piston pump, both 
pumps being built into the same housing and interlocked as to 
control. 

Following this, he relates experiences encountered in adapting 
hydraulic feeds to multiple-spindle drilling machines, and in the 
development of smaller machines with less expensive pumps. 

The success attained led to the development of self-contained 
units which could be built into designs of special drilling machines, 
as it was found that a single gear pump could be arranged to supply 
all the feed cylinders. These have been built into machines having 
from 2 to7 units. The paper concludes with a statement of some 
of the lessons learned during the development. 


MACHINE TOOL manufacturers are just beginning to 

realize the possibilities in the use of hydraulic means for 
feeding and traversing the various units of the machines they 
produce. It is only within the last few years that standard 
machines have been designed with a hydraulic feeding mech- 
anism, built in as a part of the machine. 

About the first tools to be hydraulically operated were broach- 
ing machines. The great increase in production and ease of 
operation of these machines, together with a low maintenance 
cost, brought the use of hydraulic feeds forcibly before the 
machine-tool builder and user. 

Later grinders and drill presses were hydraulically equipped 
with equal success in increased production. At present several 
lathe and chucking-machine manufacturers, and at least one 
large builder of milling machines, are experimenting along the 
same line. It is evident from the interest shown in hydraulic 
feeds, both by manufacturers and users of machine tools, that 
the time is fast approaching when this type of feed will be in 
general use on all kind of tools. 


Types oF Pumps Usep FEEDING MacuINE TooLs 


At present there are three types of pumps in general use for 
feeding machine tools: 

1 An accurately made gear pump capable of delivering a 
constant volume of oil at a constant pressure. These pumps 
are usually arranged to pump at pressures up to 250 lb. A 
relief valve is used in connection with this type of pump for 
maintaining an even pressure. 

2 A multiple-piston pump with variable stroke. This 
type of pump is built to deliver a variable amount of oil at pres- 
sures up to 1000 lb. 


1 The National Automatic Tool Company. 


3 A pump which combines the first and second types and 
is arranged to deliver a large volume of oil at about 250 lb. pres- 
sure from a gear pump, and a smaller volume at a higher pres- 
sure from the variable-delivery piston pump. Both pumps ure 
built into one housing and interlocked as to control. 

The National Automatic Tool Company started experiments 
about six years ago with the idea of adapting hydraulic feeds 
to multiple-spindle drilling machines. The first experiments 
were carried out using the combination pump manufactured 
by the Oilgear Company. These experiments were not entirely 
satisfactory, due partly to the mechanical control of the pump, 
and partly to the fact that the attempt was made to adapt the 
hydraulic mechanism to a standard vertical machine designed 
to use mechanical feeds. 

However, the experiment did convince the company that there 
were great possibilities in the hydraulic feeds if properly applied 
and controlled; that hydraulic feeds should be applied to ma- 
chines particularly designed for them, and that these machines 
should be very rigid and as free from vibration, under working 
conditions, as possible. 


Types or Macuines DesIGNED 


With these ideas in mind a vertical multiple-spindle drilling 
machine was designed, using an Oilgear automatic pump and 
a 6'/;-in. cylinder. This equipment would furnish a maximum 
pressure of 24,000 lb. for feeding the drills, with a rapid traverse 
to and from the work of 80 in. per min. 

The mechanical part of the control was arranged so that the 
operator could set the feeding mechanism to perform any one 
of its functions, that is, rapid down, either of two rates of feed, 
rapid up, or stop. Also by means of the same lever the feed 
could be started and would go through a cycle of operations, 
automatically stopping at the end of the rapid up movement. 
The distances traveled at the different rates of feed were con- 
trolled by the position of dogs, adjustably mounted on the 
column of the machine. (See Fig. 1.) 

The machine was constructed unusually heavy and rigid to 
stand the added load of the hydraulic feed and to reduce vibra- 
tion. Upon being tested it proved entirely satisfactory. 

This design has been used with only minor changes during 
the past two years. Every machine built has shown a decided 
increase in production with very low maintenance cost as com- 
pared to mechanical-feed machines of equal capacity. 

A somewhat smaller machine built along similar lines but 
using a 5'/;-in. instead of a 6"/s-in. cylinder has been equally 
successful. 

The success of these machines led to the development of still 
smaller machines on which it was desirable, if possible, to use 
a less expensive pump. 

With this in mind, after a careful investigation, it was decided 
to experiment with a well-built gear pump. The Heald pump 
was selected, and especially equipped with a 200-Ib. relief 
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valve spring. This pump was capable of delivering 15 gal. of 
oil at 200 Ib. pressure, and required approximately 3 hp. to 
operate. 

A machine was wanted for a particular field which would have 
approximately 7500 lb. feeding pressure. In order to get this 
feeding pressure with 200 lb. line pressure, it was necessary to 
resort to the use of two cylinders of 5 in. diameter. In order 
to avoid interference with the work-holding fixtures the cylinders 
were mounted near the top of the column, pushing at each side 
of the head. The two cylinders worked in perfect harmony 
without noticeable side thrust on the ways. (See Fig. 2.) 

The control of the feed on a machine equipped with a constant- 
pressure, constant-flow pump was very simple. 

A slide valve was arranged so that the straight-line motion 
of the slide connected a supply port with various other ports in 
turn as the motion progressed. At the same time other ports 
were connected to a drain line. The valve was operated through 


Verticat MULTIPLE-SPINDLE DRILLING MACHINE 
with Hypravuuic Freep 


4 “load-and-fire” device. This device could be loaded by a 
hand lever, or by a small oil or air cylinder. It was arranged to 
discharge or unload by steps or stations, each station causing 
4 rearrangement of the port connections in the valve. 

These machines were so well received by the trade that it 

ame necessary to develop a series of machines, for way drilling 
and for special applications. 

Up to that time (1925) special two-, three-, or four-way 
drilling machines were very expensive to build, because they 
were usually designed new throughout for each job. The new 
design required new patterns, and caused foundry and shop 
delays. It was necessary to bring parts through the shop in 
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lots of one or two. This all led to high cost and to slow delivery 
of the finished machines. 

The expenditure for a special machine of this type was only 
justified under very high productive requirements, and when the 
part being operated upon was not apt to be changed. The 
result was that a very small proportion of the total number of 
drilling machines built were way machines, most drilling opera- 
tions being performed on standard vertical machines which 
could be obtained at a reasonable cost and on short notice, and 
could be adapted to the changing requirements of the work. 


Fig. 2 Type or MAcHINE wiITH Two Hy- 
DRAULIC CYLINDERS 


In developing the hydraulic way drilling machines, it was 
decided to so design a self-contained unit that it could be used, 
mounted in various positions, to form a way machine, composed 
of one or more self-contained units arranged on a base, bed, or 
column, or a combination of these. 


Units DEVELOPED FoR ASSEMBLY INTO Way DrILLING MACHINES 


It was desirable to have several sizes of units in order to handle 
the range of work. It was also important that several units 
should be operated from one supply pump in order to simplify 
the machine and keep the cost as low as possible. 

Experiments showed that several cylinders could be operated 
simultaneously by oil supplied by a single gear pump. It was 
further found that if sufficient oil was being pumped at all times, 
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one pump were assembled in each machine. All units were 
standard and were started—and could be reversed in case of 
emergency—from a single air valve mounted conveniently for 
the operator. All units in one of these special machines would 
start simultaneously, and each had its own length of rapid tra- 
verse forward and feed forward, and its own rate of feed in 
inches per minute. This arrangement made it possible to 
handle a great variety of work on one machine;‘that is, one unit 
could be drilling a 1/,-in. hole, the next unit a 5/s-in. hole, while 
another could be reaming, and still another counterboring; and 
all of the units would be operating at the proper speed and feed 
for the tool being used, and to the correct. depth. 

The 4-in. unit was designed somewhat differently, being a 


Fie. 3 3-In. Se_F-ConTAIneD Dritiing Unit 
FoR Use IN CONSTRUCTING Way DRILLING MACHINES 


Fie. 4 4-In. Unit 


so that under the worst conditions of usage there was still a 
slight amount being bypassed through the relief valve, the rate 
of movement of any cylinder could be changed without any 
material change in rate of travel on the others. 

After the investigation was completed, three units were de- 
signed, the smallest having a 3-in. cylinder with a 6-in. stroke, 
the second a 4-in. cylinder with a 12-in. stroke, and the largest 
a 6-in. cylinder with a 16-in. stroke. Fie. 5 Way Macuine Constructep rrom UNITs oF THE TyPE 

In the case of the 3-in. unit a cylinder was mounted directly SHown IN Fie. 4 
back of a single live spindle., 
The unit proper remained sta- 
tionary, the spindle being tra- 
versed to the work, fed through 
it, and returned to a stopping 
position by the thrust of the 
pistonrod. A motor wasmounted 
on the unit above the cylinder, 
for rotating the spindle, the de- 
sired speed of the spindle being 
obtained by changing the gears 
connecting the motor shaft to the 
spindle. A slide valve, operated 
by a “load and fire’ mechanism, 
was mounted on the side of the 
unit for controlling the feed 
cylinder. (See Fig. 3.) 

These units were tried out, 
and later built up into special 
machines having from two to 
seven units. One reservoir and Fig. 6 ANoTHER Way Macuine Construcrep From Units oF THE Type SHowN IN Fic. 4 
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ate quantities of parts to profit- 
ably use this type of machine. 

In conclusion, it might be well 
to mention some of the lessons 
learned during the past two years 
in the manufacture of hydraulic 
equipment. Our experience has 
been that seamless brass tubing 
in iron-pipe sizes should be used 
instead of ordinary piping, and 
that up to 300-lb. pressures, 
bronze fittings are satisfactory. 
In the higher pressures heavy- 
duty steel fittings should be used 
in all cases. Compression fit- 
tings are not satisfactory at 200lb. 
or over. All tubing should be 


traveling-head unit mounted on ways instead of a traveling- 
spindle unit. (See Fig. 4.) 

In this unit, in order to get a long travel in as compactly 
as possible, the cylinder was made part of the head and traveled 
with it, while the piston rod remained stationary. This type 
of unit was arranged to carry a motor and a “spindle cluster’ 
box, the size of the motor and arrangement of the ‘“‘spindle 
cluster’? being determined by the work to be done. 

Units of this type can be combined into way machines as 
shown in Figs. 5 and 6. 

The 6-in. unit was similar to the 4-in. except that, compactness 
not being so important in this size, the cylinder was mounted 
in the bed. The combination of this size of unit into a two-way 
machine is illustrated in Figs. 7 and 8. 

The units are produced in quantity and carried in stock to- 
gether with several sizes of pumps and tanks. 

To build a special machine it 


Fie. 7 One Tyree oF Two-Way Constructrep From 6-INn. UNiTs 


machine-threaded rather than 
hand-threaded. Ali unions 
should have ground seats. 

On machines employing a gear pump, a reservoir holding not 
less than 1'/, times the capacity of the pump per minute should 
be provided. The return flow of oil, both from the relief valve 
and from the cylinders, should always enter the reservoir at a 
point below the surface of the oil in the reservoir so as to have 
a closed circuit. 

It has also been found that cast iron containing from 10 to 
15 per cent of steel and high in chromium and nickel is very 
satisfactory for cylinders on 200-lb. work. A cast-iron piston 
head without rings but provided with very shallow V-shaped 
grooves at '/,-in. intervals is satisfactory. Cylinders and 
pistons when made of this material show practically no wear 
after a year of service. 

It has also been found that the cup leathers or packing of any 
kind on the piston head are unsatisfactory when used in cast- 
iron cylinders. 


is only necessary to build spe- 
cially the spindle, cluster boxes, 
and mounting frame. The 
remainder of the machine is 
standard. 


ADVANTAGES OF SysTEM 


This system has worked out 
very satisfactorily, both from a 
delivery and a cost standpoint. 
The machines have been well 
received by the trade, and have 
proved highly productive. 

The construction of special 
machines from standard hydrau- 


lie units has made it possible 
for the manufacturer of moder- 
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Discussion 


W. F. J. Forwarp.' Our first order for machines equipped 
with hydraulic feed was accepted with more reluctance than 
enthusiasm, and principally to satisfy a customer who insisted 
on hydraulie feed or nothing. However, these machines ex- 
ceeded our expectations as to flexibility on production, and as a 
result changed our entire attitude toward hydraulic movements 
on machine tools. 


‘Engr., Consolidated Machine Tool Corp., Rochester, N. Y. 


Generally speaking our experience justifies the statement that 
all the advantages Mr. Ferris mentions in his paper are common 
to hydraulic feed, providing it is properly designed and installed. 
By properly designed I mean that the cylinder area chosen and 
the type of pump used to operate the cylinders must be given 
careful consideration if the machine is to perform as anticipated. 
By properly installed I mean that piping for 1000 Ib. oil pressure 
is entirely a different matter from piping for city water pressure. 
Seamless steel tubing with compression fittings and long-radius 
bends wherever possible instead of elbows, give the best results. 
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It is almost impossible to prevent some oil leakage especially 
during testing, getting air out of the system, etc. Therefore, we 
prefer setting the entire machine in a shallow floor pan. 

Good workmanship is also important; particularly should 
the cylinder walls and piston rods be very smooth if a smooth 
travel is expected. 

We have found hydraulic pumps to be very reliable pieces of 
mechanism. Our first troubles were blamed on the pumps, but 
were usually found elsewhere—such as wrong piping or some dirt 
carelessly left in the piping during assembly. 

As to cost, sometimes the use of hydraulic movements tends 
to simplify a machine, and sometimes it does not. However 
a machine incorporating properly designed hydraulic movements 
is usually more flexible, safer, and more reliable, and therefore 
should be worth whatever it costs compared to a similar machine 
with mechanical movements. 

It seems logical to expect that the use of hydraulic pressure for 
clamping, locking, feeding, main driving, etc., on machine tools 
will expand as fast as suitable equipment becomes available. 


Georce T. Huxrorp.? Mr. Ferris made some mention of 
the application of the hydraulic-drive principle to heavy face- 


Fie. 1 Hyprautic Controt on GRINDING MACHINE 


grinding machines. This particular type of machine illustrates 
the possibilities of hydraulic drive so well that a little additional 
discussion should be in order. 

Consider the inherent needs of these machines, that is, fast 
table speeds with frequent reversals of heavy tables ranging from 
7 ft. to 18 ft. in length. With the standard gear drive three 
speeds were provided, the maximum, except in special machines, 
being 35 ft. per min. This made the grinding of hardened steel, 
for example, slow, often injurious, and sometimes prohibitive, 
due to the relatively great concentration of local heating, and 
difficulty in maintaining sufficient coolant at the cutting points. 
Much greater speeds were not used because of limitations in the 
table-reversing mechanism. Even the speed variations available 
were seldom made use of by the operator due to a general re- 
luctance to shifting belts. 


2 Engineer, Diamond Machine Company and Builders Iron Foun- 
dry, Providence, R. I. 


Fortunately, in the case of our face-grinding machine, the 
hydraulic drive was easily adapted to standard design and allows 
further concentration of controlling mechanism at the operator's 
position. We were able to set the rotary oil motor referred to 
by Mr. Ferris and shown in Fig. 1 conveniently close to the initia! 
drive shaft of our regular main gear train so that one pair of 
additional gears could transmit the power, and by this means any 
desired maximum speed can be built into the machine. 

Speed variations are instantly obtainable by simply adjusting 
the oil control lever indicated by the arrow. This regulates 
the pilot valve of the pump shown in Fig. 2. The range of 


Fig. 3 GrinpER witH Hypravutic Freep 


from 5 to 75 ft. per min. includes the usual required spee:/s and 
a substantial high- and low-speed reserve as well. 

The advantage of the high table speeds is well illustrated by 
results at a large steel mill where they had trouble grinding high- 
speed steel on our belt-driven machines. With their preset! 
hydraulic-drive machine this trouble is definitely eliminated. 
Another firm doing similar work reports over twice the produc 
tion with its hydraulic-feed machine. 

The operator speeds up the table for roughing cuts and r- 
duces speed for the final cuts if accuracy or special requife- 
ments of finish demand it. (See Fig. 3.) 

The question of rapidly reversing a heavy table has always 
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been an important one to the face-grinding-machine designers. 
With the machine operating at a fast table speed working on a 
relatively small casting, 30 in., 18 in., or even less in length, the 
time required to reverse the table becomes an important factor 
in the total grinding time, in some cases exceeding 50 per cent. 

It is obvious that in these cases production may be doubled by 
the oil drive which is sensitive and dependable and may be 
so set as to reverse without running the work entirely off of 
the wheel, thus making cutting continuous. So hydraulic 
drive, with its ability to handle the reversal of a rapidly moving, 
heavy table, has opened new fields for face grinding. 

One vital function to be governed is the speed of the work 
table and for any given machine a definite quantity of oil de- 
livered to the working cylinders produces a definite movement 
of the work table. It should be recognized that this question of 
volume per unit of time which determines ‘“‘speed”’ is independent 
of pressure. That is, the pressure required to operate a machine 
isa constant for a given load, irrespective of the speed, and varies 
only as the load except for irregularities at the time of reversal. 

If a central supply system is used, as has been suggested, letting 
a little oil into each cylinder a lot of power is wasted because the 
pressure must be built up to the maximum required by any 
machine, and probably used in some machines where much less 
is required. On the other hand, with a heavy pressure available, 
if it were freely connected to the cylinders opposed by a relatively 
smal] load, the speed of the table would be rapidly accelerated 
from its initial to an excessive point. In other words, each in- 
dividual unit should be controlled in the same way as the speed of 
an electric motor driving an individual machine, by building up 
only the necessary driving force. 

In regard to power required, the individual constant-delivery 
pump stands about half-way between the individual variable- 
delivery pump which uses the least power, and the accumulator 
which uses the most power. With the individual pump it is only 
necessary to build up a pressure in the cylinder equal to the re- 
sistance of the cut. It takes only half as much power to deliver, 
say, 500 Ib. to the cylinder as it does to deliver 1000 lb. which 
might be needed for the maximum load. Therefore, if an ac- 
cumulator is used for the 500-lb. job, half the necessary power 
has been wasted. 

In our surface-grinding machines where the total driving power 
is small, we use gear pumps and also control valves which bypass 
part of the oil for slower speeds. We can regulate the oil bypass 
valve to suit the load and thus regulate the speed. In this case 
we do generate more power than we use on slow speeds but as the 

total power required is only 2 hp., the loss due to bypassing oil 
at slow speed is negligible. For our face-grinding machines where 
the totalp ower is 7 '/, hp., we use the variable-delivery pump, thus 
securing maximum efficiency. 


A. M. Hammonp.* Mr. Ferris mentioned the application of 
hydraulie drive to face-grinding machines briefly and Mr. 
Huxford has gone into more detail in regard to this. It occurs 
‘0 me that as engineers you will be interested in the troubles 
which we had, at first, and how we have done away with them. 

One of the most annoying troubles came with oil leaking 
through threads due to the high pressure. After considerable 
experimenting we found that this could be corrected by sweating 
solder on threads. It was found advisable, too, to use welded 
joints and pipe bends in some parts of the system. 

Another difficulty was due to noise caused by vibration which 
was, of course, especially prominent at reversals. This was 
corrected by the addition of an oil dashpot. 

_The important thing is that the troubles have been overcome 


* Engineer, Diamond Machine Co. and Builders Iron Foundry, 
Providence, 
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and without sacrificing any of the advantages. So, briefly, we 
believe that the face-grinding machine is indebted to hydraulic 
drive for slower speeds, faster speeds, smoother operation, and 
greater ease of control. 


R. E. Fianpers.‘ Both Mr. Ferris and Mr. Einstein have 
emphasized the advantage of elasticity in hydraulic feeds and 
that is rather surprising to the man who still sticks to screws and 
nuts and pinions, because he has always found that as elasticity is 
eliminated conditions improve. What is the difference between 
hydraulic and mechanical elasticity? Is it a difference in kind 
or in degree. If it is in kind, I would like to have it described. 
If it is in degree, is it a fact that there is more elasticity in hy- 
draulic feeds than in mechanical? If that is all there is to it, 1t is 
the easiest thing in the world to put more elasticity in the me- 
chanical feed. 

The elasticity of the oil has been mentioned. How is the 
elasticity of the oil separated from the elasticity of the chambers, 
cylinders, and pipes within which it isconfined? Is not, perhaps, 
the elasticity of the cylinders and communications fully as much 
concerned as that of the oil itself? 


O. W. Boston. In the papers which have been presented 
practically nothing has been said about tool life. The time 
element and the flexibility of the reciprocating motion and differ- 
ent feeds were emphasized, however. I have been particularly 
interested in hydraulic feeds from the point of view of their in- 
fluence on the cutting action of the tool. 

A number of people representing manufacturers of drilling, 
broaching, and milling machines equipped with hydraulic feeds, 
have made the statement that they have found greater tool life 
with hydraulic feeds than with mechanical feeds. I have a 
machine at the University of Michigan which will measure the 
force on a tool while it is cutting. I find whenever chatter oc- 
curs, particularly in cutting brass, that the force is much less, 
because of the chatter of the tool. I was unable to explain this 
phenomenon. I later heard from Professor Smith, of the Uni- 
versity of Manchester, who is the author of the report of the 
Lathe Tool Research Committee of the Manchester Association 
of Engineers, and who reported that in his own experiments he 
was able to duplicate tests which showed clearly that the life of a 
tool while turning steel was greater under conditions which caused 
chatter. May there not be something in the nature of a natural 
period of vibration set up between the machine parts because of 
the compression of the oil or expansion of the oil containers, as 
the individual chip element is formed, which is so small as not to 
be noticed during the cutting action and which has very little 
effect on the finish? This to my mind, may have something to do 
with the increased tool life, if it exists. 


M. Sxuiovsky.® We have been using hydraulic feeds on ma- 
chine tools for a period of five years, beginning with special 
milling machines and later, drilling and boring machines and 
grinders. We have noticed particularly in nearly all cases that 
the chatter is reduced in the first place, secondly, that the feeds 
permissible are increased to a greater degree than was formerly 
possible, and thirdly, that the number of pieces per machine 
for a grinding of the tool is materially increased. All together, 
we have noticed about a 25 per cent increase in production on 
machine tools equipped with hydraulic feeds, and in some cases 
an increase of 50 per cent and more. That may not be due en- 


4 Manager, Jones & Lamson Machine Co., Springfield, Vt. Mem. 
A.S.M.E. 

5 Prof. of Shop Practice and Director Engrg. Shops, Univ. of Mich., 
Ann Arbor, Mich. Mem. A.S.M.E. 

* Chief Engineer, Deere & Co., Moline, Ill. Mem. A.S.M.E. 
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tirely in every case to hydraulic feeds, but the chief feature has 
been that of the hydraulic feed. On that account, we specify 
hydraulic feeds for machine tools, particularly for heavy-pro- 
duction machine tools. 

There is just one objection we have to hydraulic feeds, and that 
is the cost. On that account we limit its application to machines 
costing several thousands of dollars or more each. Some day 
we probably shall simplify the hydraulic-feed element on every 
machine tool by installing a central system in the shop. We 
do not put in a generator with every machine tool, we do not 
put in a compressor with every machine tool, and there is no 
reason for installing a pumping system with every machine tool 
where a number are to be equipped with hydraulic feeds. It 
would very materially reduce the cost of building a tool if there 
were just a few simple pipes and valves furnished in addition to 
the feed cylinder, eliminating thereby the motor and pump. 

Usually the hydraulic-feed mechanism is supplied with an in- 
dependent motor which adds to the expense. These motors are 
furnished extra large, usually two and three times too large, and 
the power factor naturally drops so that with a number of ma- 
chines in one group the result is poor. We would like to see a 
central system developed for this reason. 


E. F. DuBrvut.’ I can see that a good many of our machine- 
tool designers are going to have to brush the dust off their old 
textbooks on hydraulics. They became electrical engineers 
with the electrical application, and now they have to become 
hydraulic engineers with these hydraulic applications. In- 
cidentally, the executives of the machine-tool building concerns, 
I think, had better begin to forecast a little about how to furnish 
the funds to pay for that sort of talent. 

The user is beginning to see something of what has been pro- 
duced for him. One speaker has said that a machine gave him a 
25 per cent increase in production, but he could not afford to use 
it because it cost too much. It might be that for 25 per cent 
increase in production it did cost too much, but what about those 
who get 50 and 100 per cent increase? 

The fact, is, however, that all three elements of the machine- 
tool industry—the designing, the producing, and the using 
elements—are witnessing a very important development. It 
strikes me that perhaps this development has gone just far enough 
to justify the men who are concerned in it in getting together in 
intimate groups and discussing some of the more fundamental 
problems that may underly these differences and the relative 
fields and merits of various applications, such as the gear pump, 
or the accumulator, or the central plant. Possibly through such 
a conference of hydraulic machine-tool engineers they might save 
each other much grief. That may be a far-visioned idea, but I 
submit it for the consideration of executives of machine-tool 
companies. 


W. B. Uppecrarr.* I am connected with a company which 
for 78 years has been building hydraulic machinery, and for 20 
years I have been following the construction and selling of that 
type of equipment. 

As I sat here and listened I thought that the spirit of optimism 
that has prevailed here throughout the entire morning might 
lead the members present into trouble if they did not use a little 
caution, a little matured judgment. The pendulum might 
swing too far the other way. While it is not my purpose to decry 
the use of hydraulic machinery, there are limits beyond which 
hydraulic machinery may not be used to advantage. I do not 


7 General Manager, National Machine Tool Builders Association, 
Cincinnati, Ohio. Assoc-Mem. A.S.M.E. 

§ Mechanical Engineer, Watson Stillman Co., New York, N. Y. 
Mem. A.S.M.E. 


say that it should not be used in the machine-tool industry. 
This is undoubtedly a coming field and one which will prove very 
profitable, both to the builder and to the user of the tools. I do 
approve, however, of what Mr. DuBrul has said, that a pooling 
of interests would undoubtedly be very helpful. Some of the 
remarks made here today show that within the last two or three 
years the people furnishing hydraulic equipment have been work- 
ing at problems some of which the company with which I am 
connected solved many years ago. There are new problems 
coming up right along and it is undoubtedly a field that is going 
to be increasingly important. 

We are using a planer which has an electrical reverse mechanism 
which our works management thinks is practically perfect and 
which we prefer to hydraulic mechanism. I, personally, will 
not have hydraulic brakes on the car I drive. I simply mention 
these things to show that there is a definite field for hydraulics 
and others for which hydraulics is not thoroughly adapted. 


R. M. Gatuoway.’ There is no controversy between the 
two methods of oil feeding. We use both systems and for rather 
definite reasons as far as we are personally concerned. When the 
pressure required in the drilling is somewhere around 6000 or 
7000 Ib. total, we do not use a constant-flow, constant-volume 
pump. We use the oilgear or some similar system. When large, 
we use the variable pump. When the drilling load is light 
and where we have several heads which we want to operate with 
as compact and cheap a unit as possible, we use the other svstem. 


Witiiam F. Parisu.”” Just a word about oil. In the 25 
vears that I have been attending meetings of the Society, we 
have had quite a number of notable developments, including 
many types of steam engines, steam turbines, gas engines, | iesel 
engines, automotive engines, and aeronautic engines. In the 
general discussion between the machine manufacturers and the 
operators of this machinery it’ has become evident that many of 
the difficulties that they have had during the early stages of 
development were largely on account of the oils used in the various 
systems for either lubrication or fuel. Operations have been 
conducted on these various developments in many plants and 
the machinery has been well designed, properly built; under 
test or in actual operation during the early stages the greatest 
variable and one that has made the records so widely different 
has been due largely to the lubricating oil and the method in 
which it was used and to the fact that the application as well as 
the nature of the oil had not been standardized for that particular 
class of machinery. 

In connection with the development of our intricate ma- 
chinery the standardization of the lubricants and fuels has not 
come until such machinery has been commercially acceptable 
and has been in operation for many years and when the supply of 
lubricants and fuels had become a question of considerable im- 
portance to the oil industry. The standardization of the pe- 
troleum takes place at a time when it is not particularly helpful to 
the engineers and machinery builders during the expensive and 
rather discouraging period of development. 

In the development of the hydraulic systems attached to ma- 
chine tools, there is no doubt whatever that all of the various 
manufacturers developing this machinery are using different 
kinds of oils as the medium of power transfer and that the sys 
tems, as far as capacity and other features that effect petroleum 
are concerned, vary to a considerable degree. Many of the 
difficulties mentioned by the speakers at this meeting are UD 
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doubtedly due to the changes which take place in the oil through 
conditions under which it is forced to operate and to possible 
contaminants of one kind or another which invanably enter 
circulating systems operating with oil. Oil that circulates rapidly 
in a closed system will undergo gradual change in character 
dependent upon the rapidity with which it is circulated, upon 
the heating and cooling, upon pressures, and upon contamination. 
If there is a small amount of oil in the system and it is circulated 
at high speed under high pressure, meeting with temperature at 
the point of contact of the gears or at some other point in the 
system, volatile matters will be liberated and these form gases 
that will have the same effect in a pressure system as air. With 
the liberation of volatile matter, as a rule, gums are formed 
which collect solid matter and result in deposits in the clearances. 
Moisture or water always gets into a circulating system. This 
can be caused by condensation of the air or by outside leakage 
and the effect of water working with oil in such a system is to 
cause emulsions, which gradually solidify into deposits. 

In the continual circulation of petroleum it undergoes a gradual 
change that is indicated by an increase of acidity; when oils 
build up in acidity there is a point where they will form emulsions 
much more rapidly with water and undoubtedly will undergo 
many other changes due to forces that are acting upon them, such 
as the continual agitation and possibly oxidation. Then there is 
the final question of contamination. When such a system is 
working on a machine tool there is, of course, the lubricating oil, 
the cleaning oil, and the cutting oil used around the same machine 
and the possibility of contamination from these sources. 

I have this to suggest to the research men: that they arrange 
their force-feed systems for a maximum quantity of lubricants 
so that a large amount of the oil can be brought to a complete 
rest in the tank provided with settling compartments so that the 
heavier matter can be settled out; that they arrange for tempera- 
ture control either by heating or cooling for such installations 
where exposure to wide range of temperatures will be encountered; 
that every care be taken so that the lubricants, cutting oils, or 
soap mixtures will not enter the system. The character of oil to 
be used in the system should be what is known as a neutral oil 
filtered by the refiner and having a viscosity of not over 125 sec. 
at 100 deg. fahr. on the Saybolt Universal. This oil should be a 
highly finished lubricant, preference being given to that lubricant 
which contains the least volatile matter. 


W. J. Peers."' It has cost us a great deal in the past to design 
special drilling machinery. When the design of a piece changes 
80 that even one or two holes are changed, the entire machine is 
likely to be scrapped or become obsolete. The ability to get 
units which can be fed independently and shifted around on a 
machine at will, will, I think, give us cheaper machinery, ma- 
chinery that can be changed over very easily and quickly, and 
will make it possible to tool up production in much smaller lots 
than at present. 


D.H. Monrcomery.'? In our work we ran into a problem that 
seemed interesting—the elimination of the high cost of air in 
Operating ordinary air-operated chucks, the use of which is 
Proposed on a machine under development. It took from one to 
one and a half horsepower to maintain the operation of a chuck 
and, in addition, the pressure was variable. The whole shop 
depended not only on a stated pressure but there must always 
bea reserve on hand. The accumulator was then tried. 

The usual accumulator is leaky and bulky. The air accumula- 
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tor has the disadvantage of high variation in pressure. In 
holding work in the chuck we had to be sure that the instant the 
chuck was closed, a predetermined pressure was available. We 
then got the idea of using a small pump driven by a motor. The 
pumps would actuate the chuck itself in probably less than 30 
or 40 sec., but by means of a bypass valve unaffected by back 
pressure we could discharge air into the accumulator and built 
up gradually a pressure equal to the pressure originally set on 
the pump, the back pressure on the pump being always available 
at the chuck. 

The small power consumption, of course (a quarter and a half 
horsepower) proved to be a big advantage. It gives air flexibility 
and an extremely simple mechanism, and to get away from the 
difficulties with oil leaks, we have put the entire mechanism 
within the tank so that the whole unit takes up a small space. 


J. J. Cratn.'* We have been manufacturing hydraulic 
variable-speed transmission for about 20 years and most of our 
products have gone to the Navy. Someone asked about the 
time required for reversals. We have had some interesting 
experience along that line. The Navy Department specifications 
require that we reverse the turrets from full speed in one direction 
to full speed in the other direction in two seconds. We are al- 
ways able to meet this specification. We do it in from 1%/, to 
1*/, sec. A modern turret weighs nearly 1500 tons, and full 
speed is 100 deg. per min. The older turrets weighed somewhat 
less and had a speed of 1 r.p.m., or 360 deg. per min. These 
reversal requirements are way beyond anything required of even 
the largest machine tools. But the characteristics of variable 
speeds are well adapted to quick reversals, and for the small 
weights in machine tools, the reversals can be made in a fraction 
of a second without difficulty. 


Wa ter Ferris. Mr. Montgomery spoke of the adaptation 
of a small pump to an air chuck. We have long had the machine 
chuck in view as a device that we think can be operated hydraul- 
ically to greater advantage and with more economy than by air. 
If this chuck were operated by an oilgear pump, the diameter 
of the piston used would be about one-third what is now necessary 
to get an amply strong application. If a small pump is used, 
quick advance will be gotten by an oil and spring accumulator, or 
by an oil piston with compressed air over it which will be ready 
to unload instantly just as does the air piston. Only one-tenth 
of the power will be used and the oil will hold a chuck better 
than air will. 

Mr. Updegraff spoke of the electric planer and said that his 
company considered it perfect. The electric reversing planer is 
now a very beautiful machine, but five or six years ago when we 
tried to introduce hydraulic feeds in place of mechanical, users 
asked what was the matter with the mechanical feed. There 
seemed to be no reason for hydraulic feeds. As I watch the elec- 
tric planer, it requires probably a foot of travel to get up to full 
return speed and many times it is never reached. If I were 
suggesting the possibility of hydraulic planers I would say that 
the strongest reason for the hydraulic planer is that a much 
quicker reversal is feasible. We would probably not reverse the 
pump at all because it takes the pump about a second and a half 
to bring about the complete reversal. A 4-way piston valve 
will reverse the flow instantly. As I visualize the large planer 
hydraulically operated, I see the table going backward and for- 
ward on a 4in. stroke, and I see that table accelerating from its 
reversal point to a reasonable cutting speed within 2 in. If the 
hydraulic planer can do this, and perhaps it can, I submit that 
the electric planer is not the best that can be imagined. 


13General Manager, Waterbury Tool Co., Waterbury, Conn. 
Mem. A.S.M.E. 
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The next subject I would like to discuss is the nature of the 
cutting action. We can only guess at the nature of cutting 
action as affected by a multiple-plunger pump operating in a 
closed circuit. We built a broaching machine, and as the broach- 
ing machine was originally driven by a screw we compared the 
characteristics of the hydraulic with the screw method of opera- 
tion. We can now state, as I think it has been proved, that 
it takes 5 to 8 per cent less force to pull the same broach through 
the same piece of work at the same speed when it is pulled hy- 
draulically than when it is pulled by a screw. This saving is 
not important commercially, but if a hydraulic piston will do the 
work with less force than a screw, there is something to think 
about. 


Sou Ernstern. As we build various machine tools, our prob- 
lems in the application of hydraulics will be somewhat different. 
A circuit, as it is applied to a certain tool, cannot be transferred 
to a different tool. The problems are different and therefore 
it is best to apply general principles to the particular problem. 

When we made our experiments on hydraulic feed on milling 
machines, we found that on the same machine, using either 
hydraulic or mechanical feed, there was a tremendous increase 
in the rate of feed possible with the hydraulic feed. This feed 
naturally varies with the nature of the cut, but there has been 
from 50 to 350 and 400 per cent increase of feed rate on the same 
type of machine. We feel that sooner or later the large majority 
of machine tools, with exceptions, naturally, will have to make use 
of the hydraulic arrangement for feeding purposes in order to 
maintain the standard which the American machine-tool in- 
dustry has not only in this country, but throughout the world. 


H. Ernst. In regard to the compressibility of the hydraulic 
medium: We all know that oil is really compressible to a con- 
siderable degree, the relation between compressibility and pres- 
sure being generally expressed by the term “bulk modulus.” 
Up to the present time, however, very little information has been 
published relative to the effect upon compressibility of such vari- 
ables as viscosity, temperature, and pressure. 

We know, too, that compressibility of the hydraulic medium 
is very closely associated with the increase in tool life which we 
get with hydraulic feed as compared with mechanical feed. We 
are not yet prepared to give definite figures in regard to increase 
in tool life; we know it exists, but the actual increase is affected 
by a great many factors which, at present, are a little beyond 
exact determination. 

A table moved by hydraulic pressure acts differently from one 
moved by mechanical means. In both cases there is a yield 
under increase of load, and a forward acceleration upon release 
or reduction of load; but the extent of yield under impact and the 
rate of advance on release of load are radically different in the 
case of hydraulic feed. Here we have a true “cushioning” 
effect. As each cutter tooth strikes the work the table definitely 
yields a minute amount, thus absorbing the shock and reducing 
the impact, energy being dissipated by a momentary increase 
in leakage and by internal friction in the oil column. Further- 
more, by the use of the locked hydraulic system, the small 
forward jump (which occurs on release of load) is greatly re- 
tarded due to the counter pressure automatically built up on the 
opposite side of the piston. The table thus, in effect, executes 
a highly damped free oscillation, automatically adapting itself 
to the load variation. 

The differential control valve, as described in the paper, acts 
to maintain a desirable relationship between the pressure acting 
on opposite sides of the piston, in accordance with the cutting 
force. That is, in accordance with the horizontal component 
of the force produced by the action of the cutter on the work. 
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This valve also acts to retard the forward jump of the table 
under release of load, by virtue of its stabilizing action on the 
entire hydraulic circuit. 

One of the principal reasons for adopting the locked hydraulic 
system in preference to a more conventional type of circuit was 
to insure a positive control of table movement, independent of 
the direction of action of the resultant cutting force. Under 
certain conditions of milling, particularly in face milling, the 
normal direction of the cutting force may be completely reversed 
at the end of the cut and the cutter may then tend to drag the 
table in the direction of the feed. Furthermore, in certain in- 
stances downward movement of the cutter upon the work is 
highly advantageous. Thin slotting saws work much better 
when operating in this way, and in some cases this method may 
also be profitably used in ordinary spiral milling. With the 
locked system, irrespective of the direction of the cut, the table 
can advance only as fast as the oil is metered out from the dis- 
charge end of the cylinder. 

In answer to Mr. Flanders’ question regarding the use of a 
booster pump in connection with our system: In order to main- 
tain an active forward pressure under all conditions of operation 
and to compensate for the difference in displacement on opposite 
ends of the cylinder due to the piston rod, it is necessary that 
there be always available a small excess of oil. This is supplied 
by the booster pump and in hydraulic parlance, is generally re- 
ferred to as “make-up oil.”’ 

It is true that the excess oil supplied by the booster pump and 
not required in the circuit may be returned to the reservoir by 
way of a simple relief valve instead of by the more complex 
differential valve which we use, and in our early work the simple 
valve was actually successfully used. The differential valve, 
however, possesses the following advantages: 

Analysis of our circuit shows that the amount of forward 
pressure sets a definite limit to the amount of cut that can be 
taken. For instance if we use a simple relief valve set to main- 
tain a constant forward pressure of, say, 600 lb. per sq. in., and 
acting on a piston area of, say, 10 sq. in., there will be a total for- 
ward pressure of 6000 Ib. When the table is idling, the back 
pressure will be approximately equal to this. Now, if a cut lx 
taken in a direction opposite to the feed and if its amount be 
such that the horizontal component of the cutting force be equal 
to 6000 Ib., then the forward pressure will be completely bal- 
anced by the cut, and thus the back pressure will be reduced t 
zero. This, then, is the limit of the cut which can be taken 
It is impossible to feed faster than a rate which produces a cutting 
resistance equal to the amount of the forward pressure. 

With the differential valve, on the other hand, and reduction 
of back pressure due to the action of the cutting force causes s 
corresponding increase in the amount of the forward pressur 
Thus, for a given idling pressure the capacity of the machine 
will be greatly increased and, conversely, for any desired max- 
mum pressure the necessary idling pressure will be corresponding!) 
reduced. By varying the ratio of the areas of the two valvt 
portions, any desired pressure regulation may be obtained. We 
have adopted a compromise ratio of about 3 to 1, which is satis 
factory for the various conditions encountered. 

A further advantage of the differential valve is its effect upo! 
the stability of the table movement. On account of its acti! 
in maintaining a proper pressure balance in accordance with tht 
instantaneous requirements of the circuit, it acts to dampe! 
the table oscillation under fluctuation of the cutting force. Thu 
it tends to increase the true “cushioning” effect of hydraulic fee 

This apparently irregular movement of the table—the chars 
teristic natural adaptation of a hydraulic feed to changes in th 
cutting foree—must not be confused with chatter. It is 0 
chatter, and does not affect the finish produced on the work. 
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The Economics of Machine-Tool Replacement 


Present Market Conditions and Tendencies in Machine-Tool Design; Comparison of New 
with Former Types of Machine Tools and Savings Effected by Replacements 


By MYRON 8. CURTIS,' PAWTUCKET, R. I. 


subject that is of vital importance both to the machine- 

tool builder and to the machine-tool user. This is the 
sole excuse for this paper, for the information given will be 
found to be neither decidedly new nor of a radical nature. 

There is no question but that the period of enormous ex- 
pansion in practically every manufacturing line, and particularly 
in the automotive industry, which has been witnessed in the 
last fifteen years has ceased, at least for the present. While 
it is entirely possible that there may be extensive development 
and expansion of certain lines, which will in turn affect certain 
branches of the machine-tool industry, still it is extremely 
doubtful that we shall see any general expansion. For “xample, 
the automotive industry is beginning to realize that it must 
depend for its dividends upon increasing the profit per unit 
rather than upon increasing production. As opposed to this 
we find the machine-tool industry in an over-expanded con- 
dition due to the enormous demands made upon it by the growth 
of the automotive industry and by the conditions brought 
about by the World War. Also, machine tools of today are 
of a much more rugged nature, and are more foolproof in con- 
struction than those of a few years back, thereby extending 
the probable life of the machine tremendously. Again, im- 
provements in the design of machine tools have generally in- 
creased the productive capacity from fifty to in some cases 
six hundred per cent, again reducing the potential market. 
It is easy to figure that if a tool put out by a machine-tool maker 
today will do twice as much work as one put out by him five 
years ago, all other things being equal, he will only sell one 
half as many machines as formerly. 

Outlet must be found for at least a reasonable percentage 
of the capacity output of the machine-tool industry. If it 
cannot be absorbed by expansion it necessarily follows that 
it must be absorbed by replacement. This, in turn, may be 
caused either by the development of improved methods of 
manufacture, that is to say, the replacement of a machine tool 
by one of an entirely different nature, or else by improvements 
in the machine tools themselves, whereby a lathe is replaced 
by a lathe, a milling machine by a milling machine, and so 
forth. The machine-tool builder has had and always will have 
an increased field by developing improved methods of manu- 
facture, not only in hundreds of shops where obsolete methods 


of manufacture still exist, but even in the up-to-date production 
shops of today. 


fie ECONOMICS of machine-tool replacement is a 


This question of machine-tool replacement is also vital to 
the machine-tool user. There is no doubt but that, with the 
keen competition now existing in all manufacturing lines, the 
organizations which survive will be those which have equipped 
themselves with the best plant and personnel. This particularly 
applies to industries in New England. 

The tendency to cling to obsolete machinery simply because 

it ls in good condition and is capable of doing about the same 

‘mount of work which it did when it was installed, will eventually 

put any concern out of business. There should be no more 
peotter & Johnston Machine Co. 

resented at the First National Meeting of the A.S.M.E. Ma- 


chine Shop Practice Division and the New Haven Machine Tool 


Exhibition, Mason Laboratory, Yale University, New Haven, Conn., 
September 6-9, 1927. 
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hesitation in scrapping an old or inefficient machine than there 
is in getting rid of inefficient men. As a matter of fact, the 
obsolete machine is a greater liability to the plant than the 
inefficient man. J. A. Smith, the general superintendent of 
the General Electric Company, which is one of the biggest users 
of machine tools in the country and a concern which has to meet 
the strongest kind of competition, says, 

I believe it is thoroughly bad for shop morale to keep a lot of 
superannuated machine tools standing around. They occupy valu- 
able space that ought to be devoted to a productive machine. They 
tie up motors that ought to be working. If your equipment is obso- 
lete, sell it. If you can't sell it, scrap it. It is too expensive to have 
around the shop. 

No concern equipped with obsolete tools can hope to compete 
these days, and the only cure for the ailment is amputation and re- 
placement. 

What makes a machine tool obsolete? Two things: first, 
the nature of the tool and the way it has been treated; second, 
the developments of the art through which the modern tool 
produces more than the one it supplants. In regard to the 
first reason, a tool may be in such shape that it is unable to 
produce sufficiently accurate work, or it may be that repairs 
are altogether too frequent, and result in excessive waste of 
productive time. This may be due to faulty design of the 
machine tool or to careless handling, particularly in regard 
to keeping the machine clean and oiled. A machine tool may 
be obsolete for the work it is performing, but may be very 
useful and economical on some other job. In such cases the 
tool should be transferred to the other work and a new tool 
provided for the work which is beyond the capacity of the 
first one. If, however, there is no job on which the tool can 
be economically placed, it should be immediately scrapped, 
as it is too costly to use. 

The second reason for machine-tool obsolescence is due to 
the improvement in the art. The machine-tool industry has 
made enormous strides in the last five years. During the war 
and for some years previous a machine-tool builder, no matter 
what his product, was able to sell the capacity production of 
his shop, and therefore the average manufacturer was not 
particularly interested in making any radical changes in his 
product. He was concerned solely with production. Im- 
mediately after the Armistice, however, conditions changed, 
and the market for machine tools became a buyer’s market 
instead of a seller’s market. This caused the up-to-date manu- 
facturer to start redesigning and improving his line, so that 
today it is safe to say that nearly every type of machine tool 
built prior to 1921 is totally obsolete for production. The 
machine-tool builder is designing to take feeds and speeds which 
were unheard of even five years ago, and is taking full advantage 
of the developments in high-speed cutting tools. Five years 
ago the art of making cutting tools was far ahead of machine- 
tool design. Few if any machines were capable of forcing 
high-speed steel to the limit. Today this condition has changed, 
and the capacity of the modern machine tool is dependent 
wholly upon the ability of the cutting tool to stand up. Of 
course, all machines built five years ago are not obsolete for 
all classes of work. Certain jobs are inherently too weak in 
themselves to withstand heavy feeds and speeds, or can be 
machined just so fast because of the distortion due to heat and 
the limits required. 
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TENDENCIES IN MopERN DEsIGN 
It will be well at this time to point out some of the improve- 


ments in design by which these results have been brought about. 
There are three main tendencies. 


1 Increased power and rigidity together with the correlative 
ability to withstand abuse 

2 Increased convenience for the operator 

3 More foolproof construction. 


Some of the tendencies toward increased power and rigidity 
follow: 

More and better placed material is used in beds, gear boxes, 
carriages, etc. Thirty years ago most machine tools, especially 
those of British manufacture, were extremely heavy. Gradually 
the lines were refined and excess material was done away with. 
Then came the introduction of high-speed steel, and nearly 
every machine tool on the market proved to be too light to 
withstand the heavy duty imposed. The metal which was 
removed has been gradually put back, especially since the 
importance of freedom of vibration to cutting-tool life has been 
learned. Today, machines are made not only strong enough 
to withstand the strains imposed, but also heavy enough to ab- 
sorb all vibration at the cutting edge of the tool. 

There is a definite tendency toward the use of alloy steels 
for shafts, gears, etc. This is a direct result of knowledge 
gained from the automotive industry, and today, every good 
machine tool has its high-duty gears and shafts made of heat- 
treated alloy steel. Another direct result of the influence of 
the automotive industry is the use of anti-friction bearings 
for all fast-running high-duty shafts. A more recent develop- 
ment has been the use of anti-friction bearings for spindles of 
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duction tool is no longer operated by a mechanic—a man who 
understands its various functions, and who takes pride in keeping 
his machine running smoothly and efficiently. This type of 
man can no longer be found in sufficient numbers to operate 
our shops. The use of interlocking levers, safety devices such 
as slip frictions and shear pins, and, on some of the simpler 
tools, hydraulic feeding mechanisms is therefore noted. The 
matter of oiling has also received considerable attention. Five 


Fia. 2 INTERNAL GRINDER 


Fic. 1 Hypraviic BRoACHING MACHINE 


lathes and milling machines. Certain light high-speed machines, 
such as woodworking machinery, drill presses, grinders, etc., 
have long employed anti-friction bearings for spindle mountings 
but it is only lately that successful applications of anti-friction 
bearings to high-duty spindles such as those of lathes and milling 
machines have been accomplished. This is a long step forward, 
resulting as it does in increased accuracy, lessened friction, 
and longer life of bearings. 

Increased convenience of operation has been accomplished 
by well-thought-out design in the grouping of levers, the ac- 
cessibility of change gears and cams, etc., all of which cut down 
the setting-up time materially, and by reducing fatigue, make 
it possible for the operator to produce more work in a given time. 

More foolproof construction is absolutely necessary today, 
as the class of help operating machine tools under production 
conditions has definitely changed to unskilled labor. A pro- 


years ago most machine tools were oiled by the old-fashioned 
oil can and the tool with any well-thought-out system of oiling 
was an exception. Today are to be noted the use of enclosed 
gear boxes running in oil, mechanical oiling systems such # 
have been for a long time used on engines, unit oiling syste= 
usually with a sight-feed drip whereby one or two oil reservoi% 
oil the whole machine, and more recently, the developmet 
of the one-shot oiling system. 

These three general developments, namely, increased po¥* 
and rigidity, increased convenience for the operator, and fo 
proof construction, have resulted in an enormous increase © 
the productive capacity of machine tools, and increase in pr 
duction hours because of freedom from breakdowns. 


CoMPARISONS OF PRESENT AND FoRMER MAcHINE TOOLS 


In the standard type of screw-feed broaching machine 
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MACHINE-SHOP PRACTICE 


broach is pulled through the work by a rotating nut and non- 
rotating screw. 

Fig. 1 shows the latest developments in hydraulic broaching 
machines. The crosshead and the draw head for adjusting 
the broaching tools are similar to those previously used in the 
screw-type machine. However, the crosshead is pulled by a 
piston rod instead of a screw, the piston rod being attached 
to a piston in an 8-in. diameter hydraulic cylinder. This hy- 
draulic cylinder is connected with a variable-stroke pump, 
the displacement of which is controlled during the pulling 
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Fie. 4 MacuIne 


and return strokes of the broach by tappets operated at the 
two ends of the stroke. These tappets operate the pump valve 
80 as to give a slow feed and a quick return, and the feed can 
also be adjusted from zero to maximum by varying the stroke 
of the pump, thus allowing the best broaching speed to be 
obtained. In the pipe line is a release valve which may be 
Set at any predetermined load. If for any reason the pressure 
rises above this amount, the valve operates to bypass the 
Pump, relieving the pulling force on the broach to zero. With 
this safety attachment a serious breakdown is impossible, and 
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the feed may be set near the capacity of the broach without 
fear of overload if the broach becomes dull, or if extra hard 
subjects are met with. 

The great increase in production obtained by the hydraulic 
method is due to elimination of the great power loss from the 
friction of the screw and nut, which makes it impossible to run 
a heavily loaded screw broach at more than 4 or 5 ft. per min. 
cutting speed. Experience with the hydraulic method has 
proved that the hardest commercial material can readily be 
broached at a cutting speed of not lower than 12 ft. per min. 
while low-carbon steels are frequently broached at 25 to 30 ft. 
per min., an increase of from 250 to 600 per cent. The adapta- 
tion of the hydraulic pulling mechanism has also permitted 
broaches to be designed to take a good-sized chip, thus allowing 
a job to be done with one broach which formerly required two 
or three. The efficiency of the hydraulic broach is also about 
4'/, times the efficiency of the screw broach. 

A standard engine lathe of approximately five years ago was 
equipped with cone-driven backgeared headstock, countershaft 
shipping, and hand change-feed gears at the head end. 

A recent model of this lathe has a single-pulley drive, ball- 
bearing headstock running in oil, and the speed change levers con - 
veniently mounted on the headstock. The feed gearing is 
changed by a tumbler gear and cone, these gears being made of 
steel. The operating lever for starting, stopping, braking, and 
reversing the spindle is placed so that it travels with the carriage, 
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thus always being within reach of the operator. The longitu- 
dinal feed is provided with multiple stops which can be set so as 
to automatically trip the feed at any desired position, thus en- 
abling distances between shoulders to be duplicated without the 
use of measuring instruments. Multiple-diameter stops mounted 
on the cross feed screw allow diameters to be readily determined 
without the use of callipers. This machine is also equipped with 
a pan, pump, and tubing for applying cutting compound to the 
tool, thus materially lengthening the life of the tool and per- 
mitting increased cutting speeds. Although every one knows 
that higher cutting speeds and longer tool life are gained by the 
use of coolant, it is safe to say that at least 75 per cent of the 
lathes operated in New England shops are cutting without the 
use of compound. These various improvements in design have 
so increased the productive capacity of this lathe that the makers 
claim that a time saving of from 25 to 75 per cent may be made 
as compared to the ordinary engine lathes. 

In a former type of flat-turret lathe, the head was of the cone 
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type with friction backgears. There was but one carriage, hav- 
ing power longitudinal and cross feeds which could be changed 
at the feed box on the head end of the machine, the feed reverse 
also being contained in this box. All changes were made through 
the shifting of drive keys, and to engage the longitudinal or cross 
feed in the apron, it was necessary to engage a worm with a worm- 
wheel. The machine had no rapid traverse to the carriage and 
no centralized control. 

In the present model of the same machine, the geared head has 
single-pulley drive, hardened alloy-steel gears running in oil, and 
automatic disengagement of the multiple-disk driving clutch 
when the gears are shifted, offering not only a practically in- 
stantaneous change, but also a foolproof construction. A cross 
turret has been added, and all feed changes are incorporated in 
the aprons, allowing instantaneous shifting of feeds without walk- 
ing to the end of the machine to shift tumbler gears. These feed 


Fic. 6 AvtTomatic CHucKING MacutneE, Move: 6A 


Fig. 7 Avuromatic CHUCKING MacHINE, Mope. 5D 


gears are hardened, run in a bath of oil, and are mounted on 
square shafts running in ball bearings. A rapid power traverse 
in either direction is accomplished by a lever located on the 
apron. The operation of this lever automatically disengages the 
feed and the turnstile, another instance of convenience and fool- 
proof construction. The added features in this machine have 
resulted in increased production of from 50 to 100 per cent, some 
users paying for the machine in six months by increased produc- 
tion. 

Fig. 2 is an internal grinder of a few years back. It would 
seem from a glance that this machine was about the latest 
word in convenience, having as it does all levers centrally located, 


a quick-change gear box giving three rates of table travel for 


each work speed, automatic wheel guard, etc. 
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Fig. 3 shows the present design of this machine. The table 
is hydraulically driven, giving unlimited speeds, quick traverse 
for bringing the wheel to and from the work, and complete 
control of speeds and direction of movement at all times. An 
automatic short-stroke dog and a convenient wheel-truing device 
allow the operator to true his wheel just before finishing the work 
and are of great assistance in obtaining production and finish, 
The water starts and stops simultaneously with the work. 
Hand and automatic feed pawls for the wheel are provided. 
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Fic. 9 ForGep DIFFERENTIAL HovusinG 


These improvements and others result in the following increase: 
production times: 

Hardened steel bushings, */;in. hole, 13/, in. long, limit 
0.0005 in., increase from 45 to 100 per hr. 

Hardened gear, hole, in. long, 0.0005-in. lim! 
increase from 22 to 70 per hr. 

Bronze bushing, 1°/,-in. hole, 2 in. long, 0.001-in. limit, 
crease from 18 to 60 per hr. 

Ball race, 1%/\-in. hole, 7/i5 in. long, 0.0005-in. limit, increa* 
from 50 to 140 per hr. 

Note that the increase in production ranges from 100 | 
350 per cent. 

An interesting comparison showing gain in production § 
the use of a modern-type milling machine is shown in Fé 
4 and 5. 

Fig. 4 illustrates the old method of milling clutch tee 
The machine is of the old knee-and-column type with old-sty* 
round over arm, and tumbler construction for the drive. The 


time per piece was 7.65 min. 
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Fig. 5 illustrates the present method of machining the same 
piece. The machine used is a fixed-bed-type automatic milling 
machine. All operations including the indexing of the fixtures 
are automatic, and all that the operator has to do is to remove 
and load the work and start the machine. The time per piece 
is 3.58 min., less than half the time on the old-type machine, 
and due to the automatic features, one man can run several 
machines. 

Fig. 6 is a model 6A automatic chucking machine. The 
spindle gearing is located in the bed of the machine, all shafts 
run in plain bearings, and none of the gears runs in oil. The 
cross slide is fed by rack and pinion from the cam drum, and 
the turret drum is of cast iron with inserted hardened-steel 
strips. This model was standard five years ago, and is still 
satisfactory for certain classes of light work, but has, however, 
been superseded for heavy production. 

Fig. 7 is the new model 5D chucking machine. Some of 
the improvements in this model are as follows: an all-geared 
headstock, all gearing and shafting being of chrome-nickel 
steel hardened; all shafts running in anti-friction bearings, 
and the spindle itself running in anti-friction bearings. All 
high-speed gears are helical making a practically noiseless gear 
box. The bed of the machine has been strengthened through- 
out and is provided with hardened-steel ways ground in place 
in absolute alignment to the spindle. The turret slide is pro- 
vided with hardened-steel bearing surfaces, and has been in- 
creased in size and strength. The turret seating has been greatly 
increased in diameter and is provided with a clamping device 
which does away with the old-style overhead arm. The turret 
cam drum has been changed from a cast-iron drum with steel 
strips bolted on, to a solid steel forging with the cam path milled 
from the solid and the whole drum case hardened. The cross 
slide is driven directly from its cam drum, and both the turret 
and cross-slide cam rolls are ball-bearing mounted. The feed 
mechanism has been simplified and at the same time improved 
so that any particular feed may be automatically obtained. 
The automatic changes of feeds and speeds are instantaneously 
operated by power, making it possible not only to drop from a 
high to a lower cutting speed, but also to jump from a low to 
a higher speed. The advantage of this improvement in doing 
long facing euts is obvious. Besides being provided with safety 
couplings, the machine is oiled by a unit system. 

Some of the results of these improvements have been startling, 
to say the least. Whereas a 10-hp. motor drove the first machine 
to capacity, it has been possible to put 48 hp. into the later 
machine without doing anything but stall the motor, and a 
number of machines are regularly using 25 hp. This is in 
Spite of the fact that the anti-friction-bearing headstock shows 
an increased efficiency over the old-type plain-bearing head of 
from 30 to 50 per cent. Increase in production on this machine 
over the earlier machine has been anywhere from 50 to 300 
per cent 


SAVINGS BY REPLACEMENTS 


It is very apparent from the foregoing comparisons that the 
machine tool of today is incomparably more efficient than 
that of five years ago. There are however other elements 
which enter into the economics of replacing a machine tool 
besides the simple one of increased production. 

The figure desired for comparison is the operating cost per 
hour which consists of the prorated annual charges plus labor 
plus power. These annual charges take into consideration de- 
Preciation; the average interest on the cost of the machine 
minus the interest earned by depreciation reserve; rent; repairs; 
and maintenance, such as oil, cutting compound, tools, ete. 

The cost of the machine installed is equal to the cost of the 


TABLE 1 


Machine: 6.1 automatic 
Subject: Cast-iron fan pulley 
Production: 10 pieces per hour 
Cost of machine and tools, $3700 
Annual charges ; 
Depreciation (10-year life) 
Average interest... 
Rent (same as 5D) 
Repairs .. 
Maintenance. 
Total... 
Operating cost per hour (250 hours per month) 
Prorated annual charges. . 


Labor (1 man operating 3 machines) . 
Power 


0.59 


Cost per piece = $0.059 
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TABLE 2 
Machine: 5D automatic 
Subject: Cast-iron fan pulley 
Production: 24 pieces per hour 


Cost of machine and tools, $5300 — S600 = $4700 


Annual charges 
Depreciation (10-year life) 
Average interest 
Rent (same as 6.1) 
Repairs. . 
Maintenance 


Total 


Operating cost per hour 
Prorated annual charges 
Labor (1 man operating 3 machines 


Power 
0.70 
Cost per piece = “74 = 30.029 
Saving per piece $0.059 — $0.029 = $0.03 or 50 per cent 
Cost per hour for 24 pieces 6.1 = 1.42 
Cost per hour for 24 pieces 5D) = 0.70 
Saving per hour... $ 0.72 
Saving per year. $2260.00 


TABLE 3 
Machine: 61 automatic 


Subject: 0.35 carbon forged-steel differential housing 


Production: 1.33 pieces per hour 
Cost of machine and tools, $4450 
Annual charges 
Depreciation (10-year life) 
Average interest 
Rent (same floor space as 5D 
Repairs. 
Maintenance . 


Total.. 


Operating cost per hour 
Prorated annual charges....... 
Labor (1 man operating 4 machines) 
Power... 


Cost per piece = € i = $0 


TABLE 4 


Machine: 5D automatic 


Subject: 0.35 carbon forged-steel differential housing 


Production: 4 pieces per hour 
Cost of machine and tools, $6050 — $600 = $5450 
Annual charges 

Depreciation (10-year life) 

Average interest .. ; 

Rent (same floor space as 6.1) 

Repairs .. 

Maintenance. 


Total... 
Operating cost per hour 
Prorated annual charges..... 
Labor (1 man operating 4 machines) . 
Power .. 


Cost per piece = 
Saving per piece $0.45 — $0.185 
Cost per hour for 4 pieces 6A 
Cost per hour for 4 pieces 5D 
Saving per hour.... 
Saving per year.... 


$370.00 
122.10 


60.00 
250.00 


$802.10 


$ 470.00 
155.10 


60.00 
350.00 


$1035.10 


> 0.35 


$445.00 
146.85 


60.00 
290.00 


$941.85 


$ 545.00 
179.00 


60.00 
400.00 


$1184.85 


$ 0.40 
0.19 
0.15 

0.74 
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$ 0.31 
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$ 0.59 
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new machine installed less the salvage value of the machine 
replaced. As has been stated before, this may be anything 
from scrap value to the book value of the machine if applied 
to some other job. 

A direct comparison between the operating costs of the two 
automatic chucking machines follows: 

Tables 1 and 2 compare the two working on a cast-iron fan 
pulley as shown in Fig. 8. Tables 3 and 4 give a comparison on 
the 0.35-carbon-steel forged differential housing which is shown 
in Fig. 9. 

It will be noted in Table 2 that the saving per piece amounts to 
50 per cent and that the saving per hour to $0.72, thus giving a 
saving per year of $2260. This particular piece is not one of the 
best for purposes of ‘comparison, as the material of the work 
makes it impossible to push the machine to anything like capacity. 
The 6A machine does not do the grooving operation, this being 
done on another machine, the operating cost of which should 
really enter into the above comparison. 

In Table 4 the saving per piece amounts to $0.265 or 59 
per cent, the saving per hour $1.03, and the saving per year 
$3090. In the first case with the fan pulley, the machine 
will pay for itself in a little over two years, and in the second 
case, in less than two years. This plainly shows that it is 
economically unsound to use the old-type machine where such 
a saving can be accomplished. 

In closing, the author wishes to acknowledge his indebted- 
ness to Norman R. Earle of the Potter & Johnston Machine 
Co., for aid and advice in preparing this paper. He also wishes 
to acknowledge information kindly supplied by the Oilgear Co., 
the Lodge & Shipley Machine Tool Co., the Acme Machine 
Tool Co., the Cincinnati Milling Machine Co., and the Heald 
Machine Co. 


Discussion 


F. O. Hoacuanp.? The author refers to the opportunity of 
disposing of machines. It is to be hoped that conditions in the 
machine-tool industry will be similar to those in the automobile- 
tire industry. Tires last 200 per cent longer than they did 15 
years ago, but more tires are used than ever before. The foreign 
market may become a factor again in the machine-tool industry 
if quality is the watchword. 

Anti-friction bearings are being pushed to the front. There is 
much merit in the movement but it behooves us to see to it that 
clever advertising does not cause the pendulum to swing too far. 
High-grade ball and roller bearings are guaranteed to run within 
0.0005 in. and how is it possible to true up a piece of work within 
0.0002 in. if the spindle is equipped with such bearings? When 
the load is heavy the antifriction bearings meet the requirements 
in a highly satisfactory manner, but on precision machinery, 
where accuracy is required, a well-designed plain bearing is 
superior. 

Statements in regard to the importance of providing conven- 
ient means for lubrication are well made. Seventy-five per cent 
of all breakdowns in machine tools are probably due to lack of 
lubrication. If a proper oil film is maintained at all times, 
there never being metal-to-metal contact in the bearings, they 
should run indefinitely, and with very little friction. 

In providing single-pulley drives, the Pratt & Whitney Company 
did not consider it consistent also to build cone-pulley lathes 
for customers who wish to cut good threads free from gear chatter 
marks. The gears in the spindle train are ground after harden- 
ing. Cuts can thereby be taken producing results fully as smooth 
as with an open-belt drive. 


2 Master Mechanic, Pratt & Whitney Co., Hartford, Conn. Mem. 
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The savings in replacing old machines with production tools 
speak for themselves. It is a case of the survival of the fittest. 
In preparing statements in regard to comparative costs, it is 
difficult to get data from the prospective customer as to his 
present production. Unless these are available, it is very hard 
to work out a formula. A formula is important and convenient 
and it should be provided in the printed forms. It is then pos- 
sible to show the present and the proposed cost and the customer 
can see the saving very readily. 


E. P. BLancnarp.? The author has brought up the question 
of the increase of profit per unit. In the automotive industry 
there is a slogan, “Greater profit per unit,” but the salesmen are 
not sent out to sell the products at higher prices. The industry 
knows that expansion is over and looks to the machine-tool 
builder to lower costs. 

On the matter of obsolescence, the author also made two very 
interesting points. Two others were hinted at by Mr. Morrow‘ 
but were not entirely discussed. First, is the demand of the use 
of machine tools for certain facilities that are not available in any 
existing machine. If this requirement exists, every existing model 
is obsolete, and some live machine-tool builder must build equip- 
ment for this purpose. 

Another point is especially important here in New England. 
Mr. Hoover pointed out the necessity for a flexible production 
program. That means flexibility in machinery and in machine 
tools and adaptability for the work for which they are intended. 
Therefore standard machines are far more flexible than single- 
purpose machines, and obviously of wider use, and naturally it is 
this type of machine to which New England must look for flex- 
bility. There must be flexibility in cost, flexibility in quantity, 
in the nature of design, in the ability of the machine to cut 
metals, and finally in answering the market demand, for today 
business is not merely manufacturing. It cannot be kept separate 
from marketing. Quality of work produced is often directly 
established by the machines, and there is a matter of obsolescence 
in some machines that should be taken care of. 

As far as the use of alloy steel and lubrication is concerned, it 
was not so long ago that I pointed out in an article in the Am- 
erican Machinist that out of 59 machines installed recently in one 
shop, three were equipped with acceptable lubrication. 

The technical press and other forms of advertising can do 4 
better job in some respects than the machine-tool salesman 
Those who have had some experience on the road know that there 
is a barrier to that personal contact, and that the greatest resis'- 
ance to machine-tool sales comes at a point beyond where the 
personal contact stops, where the salesman’s efforts are blocked 
The only way to get over that barrier is by machine-tool acdver- 
tising. As much information can be given in an advertisement, 
in a catalog, and in other printed literature that can be put be 
yond that barrier, as the purchaser requires, for usually higher 
executives are men who, if the idea of a machine is presented to 
them with a hint as to how it can be applied, have brains enough 
to work out the application themselves, or at least see enough of 
the advantages to delegate some one else to work out the specifi 
proposition in which they might be interested. 

Another point in the economics of machine tools is « glance 
into the future. We have talked about relative quantities and 
mass production. If we talk about automatic machinery and the 
advantages to be gained by it, the greater economies, etc., that 8 
all true, always in relative stages. We are ready to admit that the 


3 Advertising and Assistant Sales Manager, Bullard Machine 1o 
Co., Bridgeport, Conn. 

‘See Shop Equipment Policies in Representative Plants, L. ‘- 
Morrow, a paper delivered at the same meeting of the Society, 
Trans. MSP-50-7. 
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single-purpose machine on one job that is going to run indefinitely 
is the machine to have, and that flexibility and changeability in 
application of machinery is necessary for the smaller producers. 
Every stage of quantity production from the jobbing shop to 
the mass-production plan will justify a certain refinement in 
machine-tool equipment. and accessories which go with it. Be- 
yond that is a point of diminishing returns which the investment 
cannot afford. Let every man who is equipping for a certain 
volume buy equipment suitable for that peak for which he has 
planned his production, and a little beyond to allow for possi- 
bility of expansion, and he will then get all the advantages that 
could accrue to him in the quantity which he is manufacturing. 
Machine tools will be designed not entirely for mass production but 
for all of the intervening stages down the line, and that complete 
line of machine tools is what I can see not so far ahead. 


Earte BuckincHaM.’ In figuring depreciation on a machine 
should the total amount credited to the depreciation fund be 
equal to the orginal investment, or should it be more? 

In a small steel foundry in the Middlewest there was a ten-ton 
cupola, At the end of a period of years when the cupola had 
practically served its useful life and the reserve fund for depre- 
ciation had amounted in actual cash to little more than the 
original cost of the furnace, the owners were faced with the 
necessity of buying larger and more expensive equipment than 
that which was being scrapped because it was no longer eco- 
nomical to operate the smaller equipment. Should the original 
calculation for depreciation have been sufficient to cover the 
changed conditions at the time of replacing the equipment? 


C. R. Burt.* The question of depreciation is a factor which 
must be considered more and more by manufacturers and it is 
possible that during the next few years they will find it necessary 
to write off their equipment over a period not to exceed ten 
years, and in many cases over a period of five years. Proper 
reserves should be set up to place the company in a better position 
to weather storms, take care of dull periods, and provide for new 
equipment and the replacement of obsolete equipment. This is 
primarily due to the fact that we are living in an age of speed 
and new developments, and no one is prepared to say what we 


' Assoc. Prof., Engineering Standards and Measurements, Massa- 
chusetts Inst. of Tech., Cambridge, Mass. Assoc-Mem. A.S.M.E. 

* Vice-President, General Manager, Pratt & Whitney Co., Hart- 
Mem. A.S.M.E. 
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ments five years from now. 

There may be a misunderstanding in regard to the automotive 
industry’s scrapping machine tools, and while it is a fact that 
they do expect a new machine to pay for itself within one year, 
this does not mean that the machine should be scrapped at the 
end of that period. 

Machine-tool builders are alive to the necessity for providing 
proper lubrication, and during the past two years there has been 
a remarkable improvement made in developing new lubricating 
systems. 

In regard to figuring cost, it is obvious that no one system 
will apply to every case, but the important point to get across is 
that the users of equipment must figure their costs accurately. It 
is a sad fact that many firms do not figure true costs and do not 
realize the necessity for installing up-to-date equipment in order 
to make a reasonable profit. 

We are all convinced that the up-to-date manufacturer is going 
to spend more time in the future in investigating modern up-to- 
date machinery as well as improved methods. The best-equipped 
factories with the best personnel are the ones that are going to 
survive in business over the next few years. 


Tue AvutHor. The machine-tool builder is in a fix. He is 
asked to furnish standard machines which will pay for them- 
selves in increased production in a comparatively short time. 
Several concerns require that this shall be done in two years, 
others in five, and others specify no definite time. Of course 
special machines are required to pay for themselves in a much 
shorter time. Consequently the machine-tool builder must spend 
a lot of money in engineering development, and instead of in- 
creasing sales he is cutting down sales because if he puts out a 
machine that will do twice as much work as the former he will sell 
only half as many. This cuts down production and makes it 
absolutely necessary to make a profit on a small-production basis. 

If machine-tool users who require the machine tool to pay for 
itself in two years would scrap that machine at a fair interval 
after the two years and buy a new one, it would be all right. 
However, at least one concern having such a policy has running 
in its shops today machines which were obsolete twenty years 
ago. The conclusion to be drawn from this is that the machine- 
tool user must gradually reconcile himself to the spending of more 
money for machine tools. 


may be forced to face in the line of increased production require- 
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The Prerequisites of Successful Polishing 


By BRADFORD H. DIVINE,! UTICA, N. Y. 


The author discusses those conditions which must be obtained 
in the polishing department to procure the highest quality of work 
with the least cost of material and wages. The most important 
consideration in successful polishing is the glue used in bonding the 
abrasive to the wheel and its treatment. The next most important 
consideration is the selection of the abrasive. These are discussed 
in detail. Other important factors are: the design of the article to 
be polished, relation of operations preceding polishing, absence of 
vibration, housing of the polishing department, polishing machines, 
automatic polishing, and polishing tools. 


HE TERM “polishing,” as it is used in the metal-finishing 

industry, isa misnomer. Strictly speaking, the term should 

be applied only to those operations which produce luster. 
As a matter of fact, in the industry it is applied to three distinct 
processes—flexible grinding, polishing, and buffing. In this 
paper, however, the term will be used in its commonly accepted 
meaning. 

Flexible-grinding processes are those employed for the reduc- 
tion of metal where only bright, clean, or smooth surfaces are 
desired; or as the base for luster or for plating, painting, enamel- 
ing, or other finishes. Polishing, to use the term correctly, is 
the process employed where luster only is desired, usually fol- 
lowing flexible grinding. Buffing is also a process where luster 
only is desired, usually on plated surfaces or on non-ferrous 
metals. Both flexible grinding and polishing processes employ 
flexible wheels with abrasives glued to them, while buffing op- 
erations employ only buffing wheels impregnated with buffing 
compositions as the abrasives. In the final analysis all three 
processes are simply varying degrees of grinding. 

Polishing is a very old art, dating back to the Stone Age; 
and, while it has become one of the largest and most important 
departments of metal manufacture, it has not been developed 
along engineering lines as have other departments. It has been, 
with some exceptions, a matter of rule-of-thumb, tradition, or 
just plain habit or ignorance. 

The industry, in general, is in a state of chaos. Costs are al- 
together too high, mechanical operations are often performed in 
a crude and inefficient manner, and standardization is con- 
spicuous by its absence. One of the most prominent men in the 
polishing industry in England, whose company has been in the 
business of manufacturing polishing equipment for more than 
one hundred and fifty years, wrote to the author a short time ago: 
“Polishing is one of the things which have developed from the 
experience of the workman rather than through scientific inves- 
tigation.” As a result, we have an industry in which engineers 
and executives have, until recently, manifested little interest. 

Dr. Hutton, head of the British Non-Ferrous Metals Research 
Association, in discussing this question recently wrote as follows: 

For some reason or other, most manufacturers in the metal industry 
re here seem to be much more keen on devoting time and money to 

eveloping other sections of their manufacture, and the polishing 
room is left as the ‘‘Cinderella’”’ of the works. Whereas, of course, 
It ls one of the most expensive factors of production in many manufac- 
ayy? rene and would yield great economies if properly brought 
_ Under present conditions when the executive or engineer seeks 
information on polishing, he usually runs into difficulties. If 

‘President, Divine Bros. Company. Mem. A.S.M.E. Fellow, 

oval Society of Arts, London. 

Presented at the First National Meeting of the A.S.M.E. Ma- 


ine Shop Practice Division and the New Haven Machine Tool 


Exhibition, Mason Laboratory, Yale University, New Haven, Conn., 
September 6-9, 1927, 
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he tries to get information from the polishers, he is likely to en- 
counter a smoke screen. He is brought to the realization that 
the polisher’s job has been to polish, not to record statistics 
or set standards, and that polishing foremen are more interested 
in getting out production than in studying the science of polishing. 

The experiences of two engineers, as recently stated to the 
author, is typical of what is found when information is sought 
on polishing problems. One, connected with a concern well 
known for its efficiency methods, was delegated to standardize 
the polishing department. After spending some time in the 
department, he was obliged to report that he was unable to find 
a point from which to start. The other, an engineer prominent 
in the brass trade, accepted a commission to provide an industry 
in France with standard processes for finishing a certain metal, 
thinking his experience in brass would provide the data. He 
soon found his mistake. He then searched the libraries of uni- 
versities and engineering societies for textbooks on the subject. 
He found absolutely nothing. 

There are no textbooks, no recorded information generally 
available, and no standard terminology in the industry. Even 
encyclopedias and dictionaries contain little information, and 
some of them do not even use the words, ‘‘polishing’’ and “‘buff- 
ing.” 

The subject, “The Prerequisites of Successful Polishing,” 
comprehends the entire problem of the equipment, tools, ma- 
terials, processes, and standardized control of the polishing de- 
partment. The points to be considered in this paper are: 


1 The design of the article to be polished 

2 Relation of preceding processes to polishing 
3 Absence of vibration 

4 Housing the polishing department 

5 Polishing machines 

6 Automatic polishing 

7 Polishing tools 

8 Abrasives 

9 Glue. 


DesiGN OF THE ARTICLE TO BE POLISHED 


Polishing begins in the drafting room. Wheels of large 
diameter are more economical to use than wheels of small diam- 
eter. The article to be polished should be designed, therefore, to 
eliminate all unnecessary projections, depressions, angles, re- 
cesses or reverse curves, which can be polished only with narrow 
or small wheels at excessive costs. Usually the cost of any ex- 
tra metal involved can be more than offset by the saving in pol- 
ishing. 


RELATION OF PRECEDING PROCESSES TO POLISHING 


The polishing department receives the work in either rough 
or tooled condition. When castings are to be polished without 
previous operations, they should be as free as possible from ex- 
cessive sprues, ragged edges, lumps, or other similar surface 
defects. With forgings, as much scale as possible should be 
removed by pickling or other methods. In drawn or stamped 
work deep drawing marks or scratches caused by imperfect 
dies should be eliminated by correcting the dies. _Work which 
is tooled, or which is ground on solid wheels, should be so 
processed that the surfaces will not be too rough. Deep tool or 
grinding marks necessitate the removal of too much metal to 
reduce the entire surface to the level of the bottom of such marks. 

Work should be delivered to the polishing department in such 
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condition that it will not be necessary for that department to 
correct the errors of other departments. The cost of correction 
in the polishing department usually exceeds the cost of correction 
in the department where the incorrect condition originates. 
There is often continual strife between the polishing and other 
departments on this point, whereas care in planning would pre- 
vent such conditions. This is one of the underlying causes of the 
high cost of polishing. 

An example of what can be done to help polishing by a study 
of previous processes is the experience of an ax factory. The 
forged ax when it left the dies was true to contour, but with an 
extra thickness of metal to allow for grinding off the scale. The 
solid-grinding operation to remove the scale destroyed the con- 
tour and left the surface in scallops or waves. It required at least 
three operations, which should not have been necessary, to re- 
store the contour and prepare the surface to take a polished 
finish. The installation of a cheap and simple process for re- 
moving the scale while the metal was red hot eliminated the solid 
grinding and several! polishing operations, and greatly reduced the 
cost of finishing. 


ABSENCE OF VIBRATION 


The absence of vibration is necessary for successful polishing. 
A polishing wheel, like any high-speed unit, is susceptible to 
vibration. A vibrating wheel makes scatches which cost time 
and money toremove. A polishing wheel works at best efficiency 
only when the entire face of the wheel comes in contact with the 
article being polished at every revolution of the wheel. 

Vibration comes from several sources—the building, the ma- 
chine, or the polishing wheel. The building may be of light con- 
struction, or the floors may be too light to provide a sufficiently 
rigid foundation for the machine. The machine may be too 
light, or not well designed. It may not be properly secured to 
the floor, or may not have the necessary rigidity in the column, 
the shaft, or the bearings. The polishing wheel may be of such a 
type, or may be so designed, that it is difficult to balance. Then, 


too, the wheel may be so headed that high spots or hard spots _ 


are developed, which throw the wheel out of balance. 

Fatigue of the operator is another reason for eliminating vi- 
bration. The author was approached by a polisher in a local 
plant in which had been installed wheels of a type which ran 
much more smoothly than those previously used. The polisher 
said that the vibration from the old wheels caused such lameness 
in his arms that he was used up by two o’clock in the afternoon. 
At the end of the day, he was completely exhausted. The 
new wheels, having no vibration, enabled him to work with less 
fatigue, and he could enjoy his evenings with his family. More- 
over, he was making more money on his piecework rate. 

While the vibration in this instance arose from the wheel, it 
may be assumed that the effect would have been the same had 
it been due to other causes. 


HovusiINnG THE DEPARTMENT 


The building housing the polishing department should be of 
solid construction. Floors should be heavy so that polishing 
machines may be firmly fastened to them. Rooms should be 
well lighted so that the operators can critically inspect their 
work. The department should be clean, both for sanitary and 
mechanical reasons. 

There is no reason why the polishing department should be 
treated as ‘the Cinderella of the works,” as Dr. Hutton says. 
Conditions in this respect are, however, improving; but many 
polishing departments are still to be found in basements or other 
unsuitable places. The idea seems to be that polishing is such a 
dirty business that the location of the department makes little 
difference. 


Good dust-collecting systems should be installed in order that 
the dust from the wheels may be quickly removed. Abrasives 
will fly from the wheels; and if the grains from the coarse wheels 
come in contact with work undergoing finer operations, deep 
scratches will be caused which oftentimes the operator cannot 
account for. It costs money to take these scratches out. 


PoLiIsHING MACHINES 


Rigidity and durability are the factors of greatest importance 
in polishing machines. The items which enter into these factors 
are the size of the machine, its weight, the floor area of the base, 
the design and construction, the size, the location and type of 
bearings, and material in the shaft and its diameter. 

Rigidity, preventing vibration, has a direct bearing on the 
efficiency of the machine and the cost of the polishing done on it. 
This is not always evident until it is analyzed, but the following 
experience shows it to be true. 

A concern establishing a polishing department bought the best 
electric belt-driven machines it could find on the market. After 
using them a while, trouble developed, and it decided to build 
some machines of the same general type as those purchased. 
After the machines were constructed, comparative tests, made by 
the same operators using the same wheels on the same class of 
work, showed that the new machines enabled an operator to 
produce from 12 to 20 per cent more work due to the absence of 
vibration. 

Another factor that enters into the question of rigidity and 
durability in machines is that, with improved glue handling 
methods, peripheral speeds of from 7000 to 10,000 ft. per min. 
can be used, requiring a better class of machines than those used 
a few years ago when peripheral speeds rarely exceeded 500 
ft. per min. 

Another question of considerable importance in polishing ma- 
chines is that of variable speeds. This is particularly true in 
buffing machines. All buffing wheels, and a great many polish- 
ing wheels, wear down in diameter. They operate, therefore, 
at a constantly reduced efficiency, due to decreased surface 
speeds. The most common form of direct-connected, electric- 
driven machine is that using alternating current which, of cours 
operates at a fixed speed. Direct current, permitting the use o/ 
variable-speed motors, is found in only a few localities. 1 
transform alternating current to direct current has been found 
to be too expensive to be generally satisfactory. 

The best answer to this variable-speed question seems to & 
the machine with the electric motor built into, or attached t 
the column of the machine and belted to the wheel shaft. Ths 
type of machine is rapidly replacing all others where variabk 
speeds are necessary. 

Another form of variable-speed machine recently introduced 
uses bevel gears, in which, by changing the gear ratio, variable 
speeds are secured. 


AUTOMATIC POLISHING 


Automatic polishing is rapidly taking its place in the industry 
for processing large productions of flat pieces, or pieces having 
portion of their surfaces flat such, for instance, as the flat parts“ 
pliers; or such articles as plane blades, flat-irons, monkey 8™ 
pipe wrenches, sheet metals, strip steel, flat bars, knife blade 
and any work which is flat or practically so. 

While, at present, interest in the automatic polishing of & 
work predominates, round bars, tubes, and contoured pieces &* 
also being successfully produced on automatic machines. The 
variety of work capable of accomplishment by automs' 
processes is rapidly increasing. 

Automatic polishing is not, however, as simple as many peo" 
have thought it to be. Many conditions arise not present ” 
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hand work, fur the machine is without the human “feel.’”’ The 
work and the wheels are in fixed positions in relation to each other, 
and the machine cannot correct imperfections in the work as the 
hand operator can. It is necessary that the work be brought 
to automatic machines in better condition for polishing than for 
hand work. Flat work must be absolutely flat, and it is often 
necessary to straighten or flatten work before polishing. 

The difficulties encountered in automatic polishing are not so 
much in the machines as in the lack of ability of the operators in 
charge of them to tool them and operate them properly. The 
wheels must be manufactured especially for the work. Wheels 
of different character than those used for hand work usually are 
necessary. Absolute trueness and perfect balance are essential. 
The wheel must contain within itself the characteristics and 
qualities which will take the place of the human “feel” in hand 
work. 

The heading of the wheels is a problem requiring much more 
expertness than in hand work. The head must be as strong as 
possible to avoid too frequent wheel changes, causing stoppage of 
production. Provision must be made for keeping the wheels 
cool, for the almost continuous application of work to the wheel 
generates much more heat than in hand work. 

That automatic polishing reduces costs and speeds up pro- 
duction is shown by the following examples. On one automatic 
machine, hot-air registers 40 in. square are being solid-ground, 
flexibly ground, and polished ready for enamel (a ten-wheel 
operation), in 5 min. and 40 sec. each. On another machine 
2400 flat-iron bottoms per hour are finished—one every 4?/; 
seconds. In another case 3500 small flat pieces per hour are 
turned out by one man operating three machines. In the 
steel trade a ton of cold-rolled sheets 36 X 60 in. has been pol- 
ished, one side at a time, in 38 minutes. 

An interesting effect of automatic machines on the polishing 
problem was illustrated by an experience in one factory where 
operators were turning out 175 pieces per hour by hand, claiming 
that was their limit. An automatic machine was installed with a 
guaranteed production of 500 pieces per hour. It did as guar- 
anteed, and then the polishers said they could do as much as the 
automatic machine did. It is not likely that operators on other 
work in that plant continued to retard production. 


PoLisHING TooLs 


A tool usually has some particular characteristic and quality 
which enables it to perform an operation better than some other 
tool. When a tool wears out it must be possible to replace it 
with an identical one. Like all other tools, there is one best 
polishing wheel for every operation. 

Polishing wheels, unfortunately, have been considered and pur- 
chased altogether too much from the standpoint of merchandise; 
and the fact that they are tools of very considerable importance 
has been somewhat lost sight of. In the manufacture of polish- 
ing wheels, too much consideration has been paid to something 
to sell at a competitive price rather than to the development of 
the tool itself in the proper relationship to the work it is to do. 
The general theory has been that anything round, which will 
Yield, and provide a cushion on the face, and to which abrasives 
can be glued, is a polishing wheel. 

The function of the wheel is to act as an agent for carrying the 
abrasive, and to provide the necessary cushion so that the 
wheel may properly execute its cutting function. The wheel 
should be perfectly round and true in order that the entire sur- 
face of the face of the wheel may be cutting at every revolution. 
A wheel which has high spots on it, or is uneven on the face, will 
Present only a part of the abrasive head to do the cutting, with 
the result that the operator has to employ more time to reduce a 
siven amount of metal—and time as represented by operators’ 
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wages is the most costly item in the whole operation of polishing. 

Polishing wheels may be separated into three general classes 
varying according to their characteristics and adaptation to the 
different flexible-grinding or polishing operations, grading from 
the coarsest grinding to the finest finishing operations. One class 
is that in which the wheels are made in disk form, the materials 
commonly employed being disks of leather glued together; disks 
of canvas sewed or cemented together, or held in position by metal 
side plates; disks of woven felt sewed or glued together; disks 
of sewed buffing-wheel sections, each section individually sewed, 
and then the sections either sewed or glued into the unit of the 
wheel, or held together by side plates. 

Another class of wheels is that which may be designated as the 
“crosswise” type. This class of wheel has steel or wood centers 
around which are placed blocks of leather, canvas, felt, or other 
materials, the blocks lying radially to the axis of the wheel and 
crosswise of the face. This position of the material is diametri- 
cally opposite to that in the disk type of wheel. 

The third class is the wheel with a solid one-piece face. The 
leather-covered wood wheel is the commonest type of this con- 
struction, although leather strap faces are used on solid paper 
wheels or as a covering for the crosswise type of wheels. Solid 
felt and solid walrus wheels come in this class of solid-faced 
wheels. 

In general, the disk type of wheels are used for the roughest, 
coarsest grinding operations. The crosswise types of wheels 
are more commonly used for practically all operations from the 
coarsest grinding to the finest finishing, depending upon what 
the degree of coarseness and what the degree of fineness is, 
The strap-faced wheels are, or should be, used almost entirely 
for the finishing operations which produce the lustrous or mirror 
finishes, or on flat work. 

In considering the type of wheel to be used comes the question 
of the shape of the piece to be polished. A piece which is curved 
will require the softer types of wheels either of the disk form or the 
crosswise type. If the piece is flat, all of the operations may be 
performed to better advantage on the crosswise or strap-faced 
wheels. There are, however, very many degrees of gradation 
in these questions, upon which the selection of the proper type of 
wheel is based. It is impossible to attempt to cover the many 
phases of the question in this paper. 

The selection of the proper character of wheel also requires 
consideration of the cost of using the wheel. It is characteristiq 
of all wheels of the disk form that the face wears out of shape, 
and also that the wheel wears down in diameter. Where a flat, 
piece of work is operated upon with a disk form of wheel, it 
frequently is necessary to true the face of the wheel, reducing its 
diameter, in an effort to keep the face flat. With this reduction 
in diameter and lessened surface speed, the element of time is 
increased. 

In wheels of the crosswise type there is less tendency for the 
wheel to wear down. The fact that the pieces of polishing ma- 
terial are across the face of the wheel, and are not disks, prevents 
the wheel from wearing in ridges. Such wheels often remain 
practically full size and in a condition almost as good as new 
for many years, whereas the wheels of the disk construction are 
constantly worn out and replaced. 

With the strap-faced form of wheel, while the body of the wheel 
may remain practically full diameter, it is necessary to replace 
the leather strap frequently. 

Wood wheels with the leather strap faces are made in layers to 
prevent warping and splitting. Such wheels, unless the wood 
is thoroughly seasoned and set, commonly expand and contract 
unevenly in the different layers, causing ridges on the face, 
It is difficult to keep any wood-block wheel round and true. 

The amount of cushion in a polishing wheel is a very important 
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factor in the polishing operation. The amount or degree of 
cushion in a wheel is secured either by the use of different ma- 
terials or by the manner in which the materials are arranged in 
the wheel. The object of the cushion is to permit the face of the 
wheel to flatten and cover as much area on the work as possible, 
to grind away as much metal as possible at each stroke, and to 
provide a smooth cut. The degree of cushion also has a decided 
effect in securing the finished surface desired. 

For the classes of work for which the disk wheels are more 
commonly used, such as the rough grinding of agricultural tools, 
the exact degree of cushion is not so essential; but for hardware 
or other work requiring well-finished surfaces, the proper degree 
of cushion is highly essential. On some classes of work density 
is such an important factor that a difference of one degree will 
render a wheel too hard or too soft for a particular operation. 

In wheels of the disk or the solid-faced types, the range of densi- 
ties is quite limited, usually to three degrees: hard, medium, 
and soft. In the crosswise types the range of densities is much 
greater. In some types it is possible to secure as many as eight 
degrees. In this type also it is possible to regulate the density 
to a much more accurate degree than in other types, and this 
type also permits the exact duplication of density when re- 
placing or duplicating wheels. 

A factor in wheel economy is the diameter and width of face of 
wheels. It is advisable to use a wheel as large in diameter as the 
article being polished will permit, in order to secure the maximum 
contact of the wheel with the work necessary to remove the great- 
est amount of metal at each stroke. 

Large wheels have less tendency to heat than small wheels. 
Heat is generated only at the point of contact between the wheel 
and the work. On the large wheels the heated area has a greater 
opportunity to cool before returning to contact with the work 
than would be the case with smaller wheels. 

It is also advisable, where possible, to use a face much wider 
than the piece being polished in order that the piece may be 
moved about on the face of the wheel and not wear the head in 
one spot. 

The use of wheels of large diameters and wide faces reduces the 
investment in wheels because of the smaller number required. 
It reduces the cost of caring for wheels, and of reheading them. 
It also reduces the time lost by operators in changing wheels. 

If time permitted, it would be interesting to follow out the 
details of the wheel question—the treatment of new wheels, 
the application of the preliminary sizing coats, the number of 
them, the manner in which they should be applied; the applica- 
tion of protective coats of heavy glue placed upon the sizing coat 
and preparatory to receiving the working head; the different 
kinds of heads, the methods of applying them to the wheel; 
the uses of the rolled head and the paste head; the number of 
coats of abrasives; the dressing off of the old head after it ceases 
to cut; the manner of handling the wheels in wheel drying rooms; 
the characters of the various processes for coarse grinding, fine 
grinding, glazing, coloring, greasing out, and oiling and other 
similar questions. Any one of these phases of the question would 
provide enough material for an entire paper of itself. 


ABRASIVES 


The abrasive grain, which does the actual cutting, is one of the 
two most important prerequisites of polishing. Glue is the most 
important, and the grain is secondary only because the grain 
cannot be given a chance to do its best work unless firmly bonded 
to the wheels by the glue. 

There are two kinds of abrasive grains in common use— 
emery, which is a natural product, and grains which are manu- 
factured from bauxite. 

Emery is impure or low-grade corundum containing magnetite 


or hematite. The corundum is that portion of emery which does 
the cutting. The other materials are inseparable from the corun- 
dum particles; they have no function in the cutting operation, 
and tend to modify the cut of the emery. This modification of 
the cut is considered by some to be advantageous in the finer 
operations employed for the actual production of luster. For 
flexible-grinding operations, the manufactured abrasives are far 
superior to emery. 

Examined under the glass, the manufactured grain appears very 
much like sharp pebbles, uniform in size, and containing no 
foreign matter. It differs from emery in being more uniform 
in hardness or temper. Each grain is so constructed that when 
properly bonded to the wheel it will fracture away piece by piece, 
each fracture presenting a fresh cutting edge until the grain is 
consumed. Wheels headed with manufactured abrasives have 
less tendency to glaze than those headed with emery. 

Care should be taken in selecting manufactured abrasives 
to see that they are free from slivers or elongated grains which 
would seratch the work. 

Manufactured abrasives are treated to provide capillarity in 
order that the glue may grasp them firmly. In the storage of 
them it is important that they be kept free from moisture which 
might tend to deteriorate this capillarity and weaken the glue 
bond. 

A great many concerns have been unable to secure as satis- 
factory results with manufactured abrasives as with the natural 
emery. The difficulty was not due to the grain itself, but en- 
tirely to the use of inferior glue, or to improper glue handling 
equipment and methods. The manufactured grains are harder 
than emery, and, therefore, require a stronger bond. 

Care must be used to see that the proper sizes of grains ar 
used in the proper sequence from the coarser to the finer opers- 
tions. For instance, in certain cases where a No. 46 grain 
may be followed by a No. 80 grain, the gap between the grains 
may be too wide, and a much faster reduction of metal would 
be secured by following the No. 46 by a No. 60 or No. 70. _ If the 
gaps between the grain sizes are too great, the effort of the 
operator to reduce the metal by increased pressure against the 
wheel to make it cut, often burns the ridges, causing discoloration 
Then, too, the coarse ridges have a destructive effect upon the 
wheel head of the finer abrasives following. 

One of the evidences of the wastage caused by the improper 
bonding of the grains to the wheels is the fact that a business hs 
been made of reclaiming abrasives, which have been torn bodilj 
from the wheels, resizing and selling them. This on the face o! 
it may seem like a good thing; but a little thought will show that 
had the grains been properly bonded to the wheels and consume 
by fracturing away in the polishing operation, as previous! 
described, there would be no necessity of a reclaiming proces 
and no grains to reclaim. Where the grains are torn from th 
wheels through improper bonding, and not reclaimed, they am 
of course, wasted. 

Another important feature in handling grains is the prop 
consistency of the glue for the different sizes of grains. If th 
glue is too thin for coarse grains, it will not provide the prop 
body to hold the grains. If the glue is too thick for the fine 
grains, the cut of the grains will be modified, a glazed conditi®! 
of the wheel face will result, and wastage occurs. As in othe 
conditions when the wheel ceases to cut freely, the inclination 
the operator to force the wheel by excess pressure is likely ' 
burn the metal, to require extra time for an operation, and t 
soften the glue on the face of the wheel (which in itself decrea* 
the cutting ability of the abrasives), and the whole process 
comes destructive and expensive. Researches are now Del 
made to determine the correct consistency of glue for the diffe” 
sizes of abrasives. 
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GLUE 

Glue is the most important prerequisite of polishing. When it 
is realized that the abrasives glued to polishing wheels have to 
perform practically the same operation of grinding away or tear- 
ing down metals as solid vitrified wheels do, it will be evident 
that glue as the bond between the wheels and the abrasives is the 
most important factor in polishing. The efficiency of the 
combination of the wheel and abrasive as the cutting tool depends 
almost entirely upon the strength of the glue bond. The ability 
to secure the desired finished surface, and the cost of securing that 
surface, depend upon the strength of the glue bond. In fact, 
glue is the keystone of successful polishing. 

The reduction of the processes of glue handling to a definite 
formula has been one of the most important steps toward the 
standardization of the polishing industry. However, to utilize 
such a formula to the best efficiency, the glue, handling equip- 
ment, and all factors pertaining to it, must likewise be stand- 
ardized. 

In spite of the fact that the use of glue in the mechanical arts 
is traceable over 3300 years, the use of glue seems to be little un- 
derstood. One glue manufacturer has stated that with the con- 
sumption of 80 million pounds of glue annually, he doubts if 
20 per cent of those using it have the vaguest conception of what 
glue is, or how it should be applied. The author would go 
farther and say that not three men out of a hundred in the 
polishing industry have a proper conception of what glue is or 
how it should be applied. Also, the influence of glue and glue 
processes upon polishing operations and costs is little recognized. 

Every pound of glue wasted through inefficient methods carries 
with it a considerable wastage of abrasive grain. A recent ex- 
perience showed that by simply changing the process of using 
glue, the same amount of work was produced with one-half the 
quantity of glue and abrasives. Going farther, the right kind of 
glue reduced the quantity again so that the same amount of work 
was produced with from 20 to 25 per cent of the glue and abrasives 
originally required. In other words, by using standard processes 
w h the proper glue, four and five times as much work was 
produced from each wheel head. 

Glue is commonly purchased on a price basis rather than on a 
quality or performance basis. If price alone is to be considered, 
the basis of comparison should be the cost per quart of liquid 
giue ready for use. Glues of the better qualities will take more 
water to the pound of dry glue than glues of in‘erior qualities, 
resulting in a lower cost per quart of melted glue. The price of 
glue, generally speaking, is indicative of its quality. 

The higher grade glues have greater strength, and are better 
adapted to polishing than glues of lower grades. However, the 
strength of glues of higher quality can only be brought out by 
proper handling methods. Ordinary processes of glue handling 
o.ten reduce the strength of high-qual:ty glue to that of inferior 
glue. The author has actually seen 30-cent glue so reduced in 
value by the handling processes that it gave no better results 
than a 10-cent glue. 

_ The glue which gives the most satisfactory results for polishing 
is the best quality, first-run, straight hide glue. The characteris- 
Wes necessary are jelly strength, toughness, viscosity, and— 
what is more important than anything else—flexibility. Many 
glues set hard and brittle, and are broken up and torn out by the 
bending action of the face of the wheel. 

_ The first step in organizing a glue department and standardiz- 
ing glue processes is the arrangement and equipment of the 
glue room, which should be entirely separate from the polishing 
department. Glue is a rather delicate thing to handle. It is 
easily affected by either high or low temperatures. The glue 
tom should, therefore, be arranged so as to be free from drafts 
which would chill the glue. Windows when open should be 
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equipped with deflectors. Doors should be on double-swing 
hinges to remain closed constantly. 

The glue apparatus, and in fact the whole glue room, should be 
kept as clean as a dairy. Glue brushes, when not in use, should 
be kept in a weak solution of carbolic acid in order to destroy the 
bacteria which may accumulate in them. 

The glue heater should be of a type which will furnish a con- 
stant supply of fresh glue in its strongest condition. Glue should 
be mixed and used in small batches so that it may be consumed in 
four hours from the time it is melted. Otherwise, it deteriorates 
rapidly. The individual glue pot should be of a size, therefore, 
to contain only a four-hour supply of glue. 

The multiple-pot system is preferable to the large single pot. 
The size and number of pots should be such as to provide for the 
different consistencies of glue required for the different size 
grains, and also to allow extra pots for hot water and for sizing. 
Aluminum is the best material for the glue pots on account of its 
property of holding heat, and the ease with which the pots may be 
cleaned. 

The glue heater should be equipped with a thermostat to main- 
tain the glue at a uniform and correct temperature. Ther- 
mometers should be provided to check up the temperatures. 
Psychrometers should be provided in order to determine, when 
wheel heads do not last, whether the trouble is due to softening 
the wheel head by humidity or to some other cause. 

Ovens should be provided to heat the wheels to 120 degrees. 
The abrasive troughs should be provided with heaters to heat the 
grain to the same temperature as the wheels to prevent chilling 
the glue. 

In addition to the glue handling equipment, the glue room 
should be equipped with an accurate device for balancing the 
wheels each time after they are headed. The room should 
also be equipped with tools for removing the residue of old wheel 
heads. Water should not be used for this purpose when it can 
be avoided. 

The wheel room should be separate from the polishing depart- 
ment. The partitions or walls should be arranged with openings 
both at top and bottom to permit a rapid circulation of air to 
carry away the moisture evaporated from the glue while it is 
setting. The temperature of the wheel room should be that of 
the working departments. Artificial heat should not be used, 
nor should the wheels be chilled. Both of these practices have a 
very detrimental effect upon the strength of the glue bond. 
Nature will take its own time in setting the glue, and it must not 
be interfered with. 

There are two elements in glue handling which must be recog- 
nized and controlled. One is heat, the other is bacteria. 

Heat makes glue, and heat destroys glue. The maximum 
strength of the glue bond, which enables it to resist the frictional 
heat generated in polishing, is secured only by a proper control of 
heat in the preparation of the glue. 

Glue loses five per cent of its strength for every hour of heating. 
Laboratory tests have shown a loss of 67 per cent of strength 
after 12 hours under heat. Tests of a high-grade glue, made by 
the United States Forestry Bureau, showed a loss of one-half 
the glue strength in seven hours at a temperature of 176 deg. 
fahr. Glue is in its strongest condition at a temperature of 
135 deg. fahr. 

In order to secure certain definite results from the preparation 
of glue, certain definite procedures must be followed. Glue is 
somewhat like a chemical in that a slight change in the materials 
or in the formula used will make a considerable difference in the 
results obtained. 

The conversion of dry glue into liquid glue of the strongest 
character is made by adding certain definite proportions (by 
weight) of either pure or distilled water to the glue, soaking it a 
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definite time, and melting it by raising the temperature to about 
135 or 140 deg. fahr. Different makes and qualities of glue re- 
quire different proportions of water. 

Ground glue should be soaked in cold water at least three hours; 
flake glue, eight hours; and cake glue, twelve hours. After the 
glue is soaked it does no harm if it stands twenty-four or even 
forty-eight hours, providing the temperature of the room is not 
over 70 deg. fahr. 

The glue when placed in the heater should be melted, not 
cooked or boiled. 

To secure the different consistencies of glue required for the 
different sizes of abrasive grains, hot water should be added to the 
liquid glue. The proper consistency, once determined, should 
be recorded by instruments and standardized. 

In applying glue to the wheel, no draft of air should come in 
contact with the glue brush, for instant chilling and serious 
weakening of the glue will result. The wheels and abrasives, 
having been heated to at least 120 deg. fahr., will then allow the 
whole mass of abrasives, glue, and the wheel to cool gradually 
without detriment to the glue strength. 

Glue hardens in the process of setting much as concrete does. 
Setting begins with the cooling, but continues long after the 
cooling has reached its stopping point. A wheel head may be 
cold in an hour or so, appearing to be ready to use. As a matter 
of fact, a minimum of 48 hours is required to complete the 
natural process of setting glue to its maximum strength. The 
process of setting is, of course, the evaporation of moisture from 
the glue. 

It is altogether too evident that very few people appreciate 
just what is taking place in the process of preparing and applying 
glue to polishing wheels. The idea seems to be to spread on the 
glue, apply the abrasive, and, as soon as the wheel is cool, start 
cutting metal with it. The usual result is extravagance, ineffi- 
ciency, and waste. 

The author has seen wheels headed up with a paste head !/, in. 
thick, and within fifteen minutes used for grinding away metal. 
This was exhibited by a man who had been a polisher for 45 
years, and who took pride in his so-called expertness in handling 
wheels. 

A fact not apparently well known is that glue handling is a 
fight with bacteria, and again the question of heat comes in. 
Glue chemists tells us that the bacteria increase rapidly, con- 
suming the strength of the glue, at temperatures higher than 140 
deg. fahr. This is recognized in the manufacture of glue, which 
is cooked at temperatures of about 140 deg. fahr., and then the 
temperature is reduced as quickly as possible in the process 
of solidifying the glue to the point at which the bacteria become 
virtually inactive. 

This is the reason why everything in and about a glue room 
should be kept as clean as in a dairy. The bacteria in glue which 
is left over night will contaminate fresh glue the next morning 
and decrease its strength probably 50 per cent. Bacterial action 
is one of the reasons why glue loses its strength either under pro- 
longed heat or at temperatures above 140 deg. fahr. 

One of the abuses in the use of glue has been the use of formulas 
for improving the glue, such formulas containing alcohol, dry 
carbonate of white lead, precipitate of chalk, and glycerine. 
Such formulas are entirely worthless. Another idea in common 
use in certain parts of the country is that the addition of a certain 
“gum” to glue will increase the strength of the glue bond. Analy- 
sis showed that the “gum” was nothing but wheat starch con- 
taining coloring matter to disguise it. Glue chemists tell us that 
there is nothing that will increase the strength of glue except 
Russian isinglass, the strongest adhesive known. Its cost is 
so high, however, that its use in the polishing trades is pro- 
hibited. 
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In addition to the points considered in this paper, there are 
two other prerequisites of successful polishing. One is the 
correct methods of processing the various polishing operations: 
the other, the supervision and standardization of the polishing 
department. However, to discuss the many points involved in 
the numerous and varied kinds of operations, and the use of those 
prerequisites already discussed in the execution of them, is not 
possible in the time allowed for this paper. 

As to the supervision and standardization of the polishing de- 
partment, the author’s observation of the industry, both in this 
country and abroad, has convinced him that it is to the advantage 
of executives and engineers that they analyze their polishing prob- 
lems; that they do not try to correct conditions by remedying 
the weak spots, but by making a complete and fundamental 
analysis as a basis for a systematic control and standardization 
of polishing departments. 


Discussion 


Rosert T. Kent.? In the very last paragraph the author 
says: “It is to the advantage of executives and engineers that 
they analyze their polishing problems; that they do not try to 
correct conditions by remedying the weak spots, but by making a 
complete and fundamental analysis as a basis for a systematic 
control and standardization of polishing departments.” There 
can be no question but that the author is absolutely sound in 
this statement. At Bridgeport we have a considerable polishing 
problem, and we are running into difficulties all the time. Prob- 
ably the cause of many of the difficulties is that we have been 
trying to remedy the weak spots instead of making a stucy of 
the fundamentals of polishing. 

The author has outlined nine variables which may affect the 
polishing problem. Each one of those variables can be sub- 
divided into a great many others, so that if the advice that is given 
in the last paragraph of this paper is to be followed, the problem 
involved will be an enormous one. Industries which have large 
problems in polishing can well afford to take this advice and start 
an investigation into the fundamentals of polishing and the stand- 
ardization of our problems. 


H. E. Booru.* Will the author make clearer what he means 
by the supervision and standardization of the polishing room? 
Each room is so different and each polishing shop is so different 
from the others that the standardization of one does not seem 
to have any relation to that of another. 


Tue AvutHor. That question can be answered only in this 
way. Standardization should start with each department in 
regard to its own particular methods of work. The industry 


cannot be standardized. For instance, Mr. Booth’s plant manu- 
factures cutlery. It is almost impossible to standardize the 
ways and means of polishing cutlery. Oftentimes two concerns 
will use successfully different speeds, different abrasives, and 
different sequences of abrasives. The question is, which is stand- 
ard? Each individual concern has to study its own problems. 

What is meant by standardization is starting from the forge 
room or the foundry and following the work to see that the oper- 
ations preceding polishing are so standardized in relation to it 
that this operation, which is the most expensive in the factory, 
is not unduly loaded with cost. That is one phase. 

The other phase is more particularly the standardization of 
wheels to determine the density of wheel necessary, the speed 
at which it should be run, the kind of abrasive which should 
be used, and the methods of putting the abrasives on. ne 


2 Bridgeport Brass Co., Bridgeport, Conn. Mem. A.S.M.E. 
3 Winchester Repeating Arms Co., New Haven, Conn. 
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method of standardization is to have one man in the wheel room 
to do this, rather than permitting individual polishers to do it as 
they see fit. 
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usually) and putting it over free wheels—not headed-up wheels. 
Ordinary commercial strip stock has not been successfully 
polished, although I think it can be done. 


A. J. CARMICHAEL.‘ The author says that work to be polished 
by an automatic machine must be absolutely flat. In most of 
our experience we find that there is no such thing as absolutely 
flat work. It is impossible, particularly on sheet-metal work, 
to make parts that are absolutely flat, and there is a question 
whether it is not cheaper to have the hand polisher who can 
get around those imperfections go ahead and do the work, rather 
than pick over parts to get them ready for this machine. How 
does the author procure flat work, and how does he get it ready 
for the automatic polisher so that the machine can do the work 
efficiently? 


Tae Autor. The word “‘flat’’ is used relatively. Latitude 
was allowed in the paper by using the phrase, “or practically 
flat.’ It has been the custom to send work up to the polishing 
department in any old condition and expect the polishing to 
correct it, and with automatic polishing this cannot be done. 
Usually the straightening or flattening process is a flat stamping 
process. If the work is a perforated piece which has been bulged 
so as not to be noticeable to the eye, it may be all right for the 
purpose for which the part was made, but it is far cheaper to 
flatten it before putting it into an automatic polishing machine. 


F. D. Lang.’ Has it been the author’s experience that with 
the automatic polisher it is possible successfully to polish a 
strip of sheet stock as it comes from the rolls of a mill, com- 
mercially flat? 


Tue AvutHor. Polishing sheet stock as it comes from the 
rolls is quite a problem. The constant application of the wheel 
or wheels to the work generates heat that is likely to burn the 
metal and glaze the wheel. The problem is still being studied. 
There are possibilities in it. We have a job on hand now in our 
concern of exactly that character—safety-razor stock, but this is 
not being accomplished by headed-up wheels. It can only be 
accomplished by an abrasive moistened with oil (kerosene 


* Chief Mechanical Engineer, Griest Mfg. Co., New Haven, Conn. 
Mem. A.S.M.E. 
Haven, Conn. 


Cuas. F. Scuarrer.* I should like to defend the polishing 
foreman. Executives say that polishing costs are tremendous, 
but they do not realize the condition in which articles come to 
the polisher. 

The engineer should know more about polishing. He should 
know what it costs to polish an article. It makes a difference 
whether the article has contours or is flat. It seems to be the 
impression that work can be sent to the finishing room in any 
condition and that the finishing room will fix it up. No one 
seems to realize what this costs. When the engineer designs 
his work he should have in mind that the finishing department 
will represent one of the cost items. 


H. A. Kirsera.? What does the author consider the logical 
type of polishing machine—one with a sleeve bearing or one with 
a ball bearing? 


Tue Autor. I should say the ball-bearing type. Frankly, 
all of the polishing lathes on the market are altogether too cheaply 
built. There are very few well-designed lathes. If ball bearings 
are used, the bearings are cheap ones. But ball bearings are all 
right if they are properly designed and properly located in the 
housings. 


Witu1am Buxsaum.* Has the author had any experience with 
the effect which the length of time it takes wheels to dry has on 
the inventory in a factory of any size? 


Tue Avutuor. Nature takes its own course. It takes forty- 
eight hours for any glue to set. If a wheel is properly headed up 
and has set forty-eight hours, the first thought is that many 
more wheels will be required, but this is usually found not to be 
true. Even if more wheels are required, the efficiency of the 
wheel due to the fact that it has set forty-eight hours is enough to 
pay for additional wheel equipment. 


6 Bassick Co., Stratford, Conn. 
7 Industrial Engineer, Newark, N. J. Assoc-Mem. A.S.M.E, 


§ Planning Supt., Winchester Repeating Arms Co., New Haven, 
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Shop-Equipment Policies in Representative 
Plants 


Reasons for Discarding Equipment; Time During Which New Equipment Must Pay for Itself; 
Methods of Buying and Discarding; Faults of Machine Tools; Methods of 
Drive; Records; Human Equation 
By L. C. MORROW,!' NEW YORK, N. Y. 


HE TERM “shop equipment” in the metal-working indus- 
Te properly includes all of the equipment used within 

the shop; machines, motors, conveyors, small tools, hand 
tools, transmission units, and su on. It is obviously impossible 
to treat of each kind of equipment in a paper that will not be 
unduly long, except as the principles laid down for one class may 
be applied to the others. It is with machine tools, primarily, 
that every metal-working shop is concerned, and therefore it is 
with keeping machine tools up-to-date that. this paper deals. 

How big is the machine-tool industry? What is its economic 
importance? The answers to these two questions will indicate 
the position that equipment policies should occupy in the affairs 
of users and builders. 

The answer to the first question, ‘How big is the machine-tool 
industry?” is taken from the United States census of manufactures. 

The Census gives certain figures for the value of machine tools, 
and metal-working machinery produced during 1919, 1921, 1923, 
and 1925 as follows: 

1919 1921 
‘So-called’? machine tools $212,400,158 $67,782,232 
Machine tools by “other” 


establishments........ 1,524,926 
Metal-working machinery 57,541,482 19,287,572 
Maximum, all products... $269,941,640 $88,594,730 

1923 1925 


“So-called”? machine tools $136,871,096 $148,598,285 
Machine tools by “other” 

establishments... .... . 3,787,527 
Metal-working machinery 56,817,437 47,352,746 


Maximum, all products... $197,476,060 $195,951,031 


For more conservative figures, deduct the items which are 
hot complete machine tools or metal-working machines: 


1919 1921 
“All other products’’....... $32,652,932 $ 7,319,211 
“Parts and attachments”... 8,936,547 
“Portable tools”’........... 10,907,928 4,480,611 


$43,560,860 $20,736,369 

1923 1925 
“All other products”....... $ 8,571,124 $24,946,320 
“Parts and attachments”... 25,397,185 32,192,602 
“Portable tools” 9,312,814 11,896,325 


$43,281,123 $69,035,247 


* Not given. 

* Inc itl led in above. 
_ Minimum, complete machines only, $226,380,780 in 1919; 
Sh Managing Editor, American Machinist, Chairman, Machine 
Practice Division, A.S.M.E. 
chi resented at the First National Meeting of the A.S.M.E. Ma- 
Exhit Shop Practice Division and the New Haven Machine Tool 
bition, Mason Laboratory, Yale University, New Haven, Conn., 
“eptember 6-9, 1927, 
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$68,058,361 in 1921; $154,194,937 in 1923; and $126,915,784 in 
1925. 

The minimum figures represent an unknown number of ma- 
chines, but one sub-division of “machine tools,’”’ valued at $137,- 
525,963 in 1919; $41,506,657 in 1921; $70,717,797 in 1923; and 
$58,334,175 in 1925;? represents the following numbers of ma- 
chines: 163,892 in 1919; 56,675 in 1921; 68,836 in 1923; and 
38,855 in 1925. The average value at factory per machine 
was $840 in 1919; $733 in 1921; $1030 in 1923; and $1506 in 
1925. 

A word of caution must be said with respect to the average 
value. It should not be construed that it is comparable from 
year to year, nor can it be significant as an average price of a 
machine tool, because lathes, milling machines, grinders, hack- 
saws, ete., of widely different values are produced in different 
proportions in different years. 

However, the average value, being large (about 1000) shows 
rather conclusively that no portable and small tools are included 
as machine tools, and tends to confirm the reasonableness of the 
figures. 

The economic importance of the machine-tool industry cannot 
be measured by the size of the industry. It is the bit of yeast in 
the bread that is important—without it the bread would not rise. 
In answering the second question, ‘‘What is the economic im- 
portance of the machine-tool industry?” it is enough to say that 
back of all labor-saving machinery, back of the economical pro- 
duction of every mechanical necessity or labor-saving machine in 
the world, stand the machine tools that made them possible. 
Without them we could have no industry as it now exists. There 
could be no factories for the making of either necessities or 
luxuries. 

Since 1914, while the population of the United States has been 
increasing 18 per cent, the productivity of the nation has increased 
35 per cent, a rate almost double. 

The railroads today are carrying 20 per cent more freight than 
in 1914 with practically the same number of employees. 

The farms are producing 35 per cent more in volume of crops 
with an actual decrease in the number of farmers. 

In these thirteen years, the automobile industry has multiplied 
almost eightfold in the number of cars built per year and over 
sixfold in the total annual value of the product, yet with a steady 
decrease in the hours of human labor per car. Whereas in 1914, 
the average medium-priced car required 1260 hours of labor, to- 
day it requires but 220 hours. Yet with all this decrease of 
human labor, the quality of workmanship per car has steadily 
increased. 

Seven years ago, one man could handle only 800 tons of pig 
iron per year. Today his capacity is 1200 tons a year. Eight 
years ago a pair of shoes required one hour and forty minutes of 
human labor. Today a pair of shoes requires but 54 minutes. 

The machine has brought about this advance everywhere in 
national productivity, this decrease everywhere in the number 
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of human-hours or human-minutes per piece, per ton, per dozen, 
per acre. 

In the past thirteen years, over 6500 new metal-working ma- 
chines and tools have appeared on the market—improvements 
on old types, new developments, new creations of mechanical 
genius—all designed to increase output and accuracy, and to 
reduce upkeep and labor. 

It is gratifying that there is a growing recognition of the im- 
portance of the machine-tool industry in the economic scheme. 
An indication of this increasing recognition is the thoroughness 
with which many large users of machine tools are studying their 
equipment problems from the engineering and profit points of 
view. It is true that even in some of the larger plants there still 
exist hit-and-miss methods of discarding and buying equipment, 
and that education to substitute definite policies is needed. Like- 
wise in the plants of medium size and in the small shops ideas are 
not so well defined as they should be. There is a duty to be per- 
formed on the part of the machine-tool builders, on the part of 
the machine-tool salesmen, and, perforce, on the part of the 
educators of the machinery industries, to supply the deficiency. 

The subject of keeping the machine-tool equipment up-to-date 
falls very naturally into these sub-divisions: 

Reasons for discarding equipment 

Time during which new equipment must pay for itself from 
earnings 

Methods of buying 

Disposition of discarded equipment 

Faults of machine tools 

Method of drive 

Single-purpose vs. standard machines 

Machine-tool records, especially those of repairs 

Importance of the human equation in equipment policies. 


ReEaAsoNS FOR DiscaRDING EQUIPMENT 


Equipment is discarded because it is worn out or because it is 
obsolete. Almost all machine tools are made up of several cast- 
ings proportionately large, with smaller parts of other materials. 
There is seldom a great amount of wear on the castings, and the 
deterioration of cast iron is not rapid. Of the parts made of other 
materials, new ones can be made or bought. Inasmuch as wear 
upon all parts is seldom uniform, it would seem that if each part 
were replaced as it became worn the machine would never wear 
out. Experience proves, however, that there is a relation be- 
tween the cost of repairs and the cost of new machines, that, if 
determined accurately, will indicate when expenses for repairs 
are no longer justified. There are to be taken into consideration 
the losses due to the non-productiveness of the machines while in 
course of repair. The repair cost is being maintained by some of 
the largest users of machine tools. If the plan should be adopted 
universally much of the ancient equipment now in use would be 
withdrawn from active service. Moreover, the records of the 
costs of repairs, used with the records of initial costs, would enable 
all users of equipment to arrive at sound rates of depreciation. 

Obsolescence is brought about by several influences. They 
are: 

Improvements in the design of machine tools 

Increased output requirements 

Changes in the design of the product of the user 

Elimination of uneconomical manufacturing operations 

Changes in the methods of manufacture of the product of the 
user 

The effect upon the investment in materials in process 

The effect upon floor space 

The effect upon power consumption. 

One manufacturer gives the definition of obsolescence by saying 
that a machine is obsolete when it will no longer pay the divi- 


dends obtainable from some other machine. Another, that 
obsolescence as applied to productive machine tools is the re- 
sult of the elimination of uneconomical manufacturing operations, 
Still another, that a machine tool is made obsolete by the develop- 
ment of the art through which the modern tool produces more 
than the one it supplants. 
Some of the reasons that have been given for discarding equip- 
ment and for buying new are: 
Repairs too frequent 
The new machine is a better investment 
Worn out 
Too light for heavy duty 
Machine does away with hand labor 
Cannot afford to waste the time of a high-priced mechan 
on a low-production machine 
Difficulty of keeping operator interested in old machine 
Cost per productive hour of operation shows that machir: 
is not economical for the production loaded on it 
There is a constant pressure from the customer for lower 
prices on the product—a pressure that must be met | 
lower costs of production 
To secure maximum output with the greatest possible pr- 
tection of the employee's health and life 
To secure increased production 
To secure better quality 
To reduce the cost of manufacture 
To reduce the items of expense that make up the cost 
hour 
For manufacturing a new line of apparatus 
To reduce the cost of direct labor 
To reduce the investment in materials in process 
To eliminate the necessity for highly skilled operators 
To reduce the power consumption 
Changes in the design of product 
Changes in the methods of manufacture 
Availability of machines of new design 
To get more out of the dollar invested. 


Time ALLOTTED MACHINE TO Pay For ITSELF 


There arises the question, “(How much better than the 
must a new machine be?” From the data available it seems tis 
the consensus of opinion is that it must be very much better inde 
The automotive industry is very strongly inclined toward 
belief that the new machine must be so much better that it © 
pay for itself from increased earnings within one year. Ot! 
manufacturers, whose products include tractors, ball-bearins 
automobile starting, lighting, and ignition systems, univer 
joints, vacuum sweepers, roller bearings, cash registers, and D 
chine tools, vary from a limit of one year to a limit of seve™ 


hs 


years, say four or five. A railroad repair shop allows as muc)® 
six or seven years. One or two refuse to set a limit, taking % 
stand that each purchase must be made strictly upon the men's 


the case. The principal argument advanced to substantiate 
claim that one year is the proper limit, is that there are yes] 
changes in the product manufactured that are likely to m#] 
much equipment worthless. No doubt that argument carn) 
weight when special machinery is being considered. So-ca-“} 
standard machines should have more in their favor, espe) 
in view of the fact that the volume of sales of machine tools o* 
not indicate that any immense number of standard too! 4 
written off the books within one year or anything like ™ 
period. 

Surmise aside, existing conditions call for continual and ma) 
advance in the design of machine tools. Certain it is that ® 
users of machine tools have given the matter serious cons” 
ation. They have at times reduced their calculations to fo™ 
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las. For example, one manufacturer uses a formula to say that 
the number of months in which a piece of equipment will pay 
for itself is equal to the total of expenditures for the new equip- 
ment divided by the total of savings per month. Stated more 
elaborately, it says that the number of months in which the equip- 
ment will pay for itself equals the cost of the new equipment in- 
stalled plus the cost of tooling the new equipment plus the cost of 
interest for X years at 6 per cent (X equaling the number of years 
determined upon as the maximum time during which the equip- 
ment must pay for itself) plus the cost of depreciation for X years 
at 10 per cent plus the book value of the displaced equipment, 
that sum divided by the difference between the existing rate (or 
cost) per piece and the estimated rate per piece on the proposed new 
equipment multiplied by the number of pieces to be produced per 
day by the proposed equipment, multiplied in turn by the number 
of working days per month, to which product is added the savings in 
overhead per month. 

In that formula it is considered that the savings are made up 
of productive labor, and that if the expense of productive labor 
is cut in half, the percentage of overhead to productive labor is 
increased 10 per cent. This conclusion is reached as a result 
of cost determinations, and there is no doubt that it applies in the 
plant using the formula. 

Another manufacturer uses practically the same formula, ex- 
cept that he determines his change in overhead from a “‘burden 
control that shows direct labor charges; direct 
burden charges (under which there are 14 sub-divisions); indirect 
burden charges (under which there are 8 sub-divisions); and fixed 
charges (under which there are 6 sub-divisions). 

These two examples are cited to show to what extent some users 
of shop equipment have gone to determine on an engineering 
basis their policies of discarding and purchasing equipment. 
For the most part they have been left to do these things for them- 
selves, although it might seem quite logical to believe that such 
definite methods of determining the value of new equipment 
should have been worked out and presented as sales arguments 
by the machine-tool builders. 


” 
record, 


BuyInc Mersops 


There is a definite movement away from the selection of ma- 
chine tools and equipment of like importance by the purchasing 
agent or purchasing department. There are exceptions, where 
the purchasing agent is a man of engineering training or caliber, 
who could properly be called an equipment engineer. However, 
in almost all plants of appreciable size, the formal order is issued 
by the purchasing department, which is responsible also for fol- 
low-up. Many times the requests for quotations are written 
and signed by the purchasing departments. In some plants, 
where the purchasing department has nothing to do with the 
acquisition of equipment except the clerical work, it is neverthe- 
less necessary for salesmen to make their overtures to that de- 
partment, and upon all visits to go through the formality of gain- 
ing admittance by applying first to the purchasing agent. 

No fault should be found with the arrangement just described 
where it exists. Each plant has its own problems to solve in 
taking care of visitors. Where there are many of them some 
routine must be followed in the interests of the seller and his time 
as Well as the buyer and his time. 

Some of the methods of buying with which I have become ac- 
quainted are, in brief, these: 

Plant No.1. The shop superintendents and master mechanics 


} make their recommendations annually, at a stated interval be- 
fore the equipment budget is made up. The supervisor of equip- 
ment passes on the recommendations. The financial man of the 
rganization authorizes the procuring of data. The purchasing 
agent obtains proposals. 


The machine-tool committee selects. 
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Plant No. 2. The superintendents of individual plants, who 
are responsible for their own equipment, ask for it as they need it. 
Their requests are sent to the plant managers, of whom there is 
one for every three or four plants. The plant managers act upon 
the requests, and send those considered favorable to the general 
works manager, who authorizes or rejects. An equipment en- 
gineer studies all of the requests sent to the general works man- 
ager and advises him. 

Plant No. 3. Recommendations originate with the time-study 
department. They are approved by the head of that depart- 
ment, by the production manager, and by the factory manager. 
The equipment is bought on guaranteed production. 

Plant No. 4. Requests originate with the foremen. They 
are investigated by the research department and approved by 
the factory manager. The purchasing department prepares the 
order, issues it, and does the follow-up work. 

Plant No. 5. Demonstrators recommend that certain ma- 
chines be bought. Recommendations also originate with ma- 
chine-tool supervisors, who make a physical review every three 
months and report through their superintendents on equipment 
needed for greater production, to replace less suitable equipment, 
or to replace worn-out equipment. Action is then taken by the 
director of works equipment. 

Plant No. 6. Foremen make recommendations to the produc- 
tion manager. All details of proposals and quotations are 
handled by the purchasing department. All salesmen are dealt 
with through the purchasing department. 

Plant No.7. The heads of the factory engineering department, 
tool equipment, and metallurgical department make recommen- 
dations for the approval of the purchase of equipment to an 
operating vice-president. Foremen are consulted by those 
heads on problems of great detail. Details of ordering and 
following up are carried on by the purchasing department. 
Equipment is bought on trial. 

Plant No. 8. The men who control the acquisition of equip- 
ment are the superintendent, supervisors, efficiency engineers, 
foremen, and job foremen. Any one of these men has the 
privilege of requesting shop equipment to improve method or 
product, reduce cost, or conserve floor space. All requests are 
studied by the efficiency engineering department. The pur- 
chasing department obtains proposals and quotations. Formal 
order is made by the efficiency engineering department. Pur- 
chasing department follows up. 

Plant No. 9. Anyone in the organization has the privilege of 
recommending the acquisition of equipment. Every recommen- 
dation goes first to the ‘plant committee,’’ made up of leading 
foremen and superintendents and presided over by the general 
manufacturing superintendent. Recommendations of this com- 
mittee go to the ‘‘manufacturing committee,’”’ made up of the 
heads of all departments, including purchasing and engineering. 
The committee’s decisions are referred to the board of directors 
for approval or rejection. 

Plant No. 10. The production, manufacturing, and methods 
and tools departments have the privilege of requesting equipment. 
The works manager decides upon the machines to buy. The 
purchasing department issues the formal order. In investigating 
equipment the mechanical man looks to the mechanical details. 
The purchasing agent looks to the purchasing details. Visiting 
engineering representatives of manufacturers talk to the foreman, 
superintendent, or works manager. 

Plant No. 11. Equipment specialists determine the need for 
new machinery, development engineers work out new methods 
of manufacture, and standardization engineers have charge of the 
replacement of obsolete and worn-out production equipment. 
The duties of the standardization engineers include the develop- 
ment of machine specifications, assistance to and coéperation 
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with machine-tool builders, and the development of new models 
of standard types of production equipment. 

Plant No. 12. Orders for new and replacement equipment 
originate in the master mechanic's division. They are approved 
by the superintendent of production. Purchasing details are 
cared for by the purchasing department. The master mechanic’s 
division is responsible for obtaining deliveries. 

Plant No. 18. When machine foreman and department fore- 
man agree that replacement is necessary, they consult the tool 
supervisor. When the three agree, they consult the superin- 
tendent, who makes the decision. Foremen may suggest the 
make of machine wanted. The tool supervisor issues requisi- 
tions, which pass through the hands of the division superin- 
tendent, general superintendent, and works manager. The 
purchasing agent issues the orders. 

In connection with the methods of buying, it is of more than 
passing interest to know what are the sources of the information 
required by users of machine tools to enable them to keep pace 
with developments. In the contacts that I have had I have 
found an almost unanimous agreement upon these sources: 

The new-equipment sections of the technical press 
The advertisements of the technical press 
Machine-tool salesmen 
Machinery expositions 
Plant visits. 

These sources speak for themselves. 


How Discarpep EquiPMENT Is Disposrep OF 


Discarded equipment is disposed of by being sold to other 
users; by being sold to dealers in used equipment; and by being 
scrapped. As the scale is descended from the high-production 
shop and the shop working against keen competition, it is found 
that there is a market for discarded equipment in the shops where 
not so much is required from a machine and where competitive 
conditions are not so severe. It is not good economics to throw 
into the serap machines that possess a good part of their life and 
of course they are going to be sold and resold just as automobiles 
are. 

Whether the machines are sold direct to the new users or to 
dealers in used machinery depends upon market conditions, and 
the effort that the seller is willing to make to find customers. 
Evidently there is an economic need for the dealer in used ma- 
chinery, since he retains his place in the industry. 

Among certain users of machine tools there is a policy not to 
allow discarded machines to stand around for long periods. If 
there is no market available within a reasonable length of time 
(about six months) after the machines are taken from the equip- 
ment, they are broken up for the scrap. One of the reasons ad- 
vanced in favor of rapid disposition is that antiquated machines 
have a bad influence upon shop morale when they stand around. 
Another is that the floor space is too valuable to give over to them. 


or Macutne Toous 


In selecting equipment that will give better service and bigger 
profits, the user of machine tools must, of course, take into con- 
sideration what to him are the faults of the machines he is using. 
There are two things to be desired in this matter of faults: 
One is that the user would report all shortcomings to the builders 
and the other is that the builders would give such reports the con- 
sideration that they deserve. 

Among the faults that have been charged up to machine tools 
by users who constitute on the whole a very desirable market, 
as to volume, are these: 

Some parts made of wrong material 
Improper lubrication 
Improper tooling 
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Wrong application to work in hand 

Overloaded 

Too wide a range in speed and feed variations 

Cost of repair parts too high 

Repair parts frequently do not fit 

Loose-pulley bearings poor 

Bearings too small to take care of the added load due to dull 
cutters 

Table bearings and knee slides of milling machines need 
greater attention 

Locking devices do not lock 

Heavier tables are needed on drilling machines, and more 
adequate arms needed to support them 

ly-wheels are needed to absorb shock 

Flexible mounting of driving pulleys would be an improve- 
ment. Machines equipped with them would fit into 
line manufacture whether set parallel or at an angle to 
the line 

Something should be done toward uniformity of the heights 
of tables 

Further study of the causes of chatter is needed to improve 
design 

The master tools of industry should be started in life with 
greater accuracy 

Some machine tools are built too hurriedly, in order to 
offset a competitor's lead 

Poor workmanship 

Wrong selection of materials 

Not enough oiling capacity 

Not enough ball and roller bearings 

Present-day multiple-spindle operations require too long 
a time in indexing 

Slides are too short on some machines 

Punch presses should be heavier 

On some machines collets are too light 

On some machines shear pins should be provided. On 
others the shear pin should be closer to the work to 
protect more of the mechanism 

Standard machines are seldom capable of operating at 
speeds as high as desired 

Punch presses could be equipped with friction wheels to 
drive against the inside of the rim, and with soft brass 
wire shear rings between screw and pitman, so that over- 
loading will cause the friction wheel to slip, and double- 
heading or other interference will cause the wire safety 
ring to shear. 


} 
1 


No attempt is made to justify or deny the faults enumerated. 
All of them have been named by very earnest users of machine 
tools. 


Drive 


There is a great difference of opinion as to the best method of 
drive for modern machine tools in modern shops. Individual 
motor drive and group motor drive with belts from overhead 
works to the machines are receiving most attention. The method 
of transmitting all of the power from a single unit by means of 
line shafts seems to be out of the running. 

The proponents of the group drive advance as their principal 
argument the lowering of the power factor when many moter 
are running at less than full load. They point also to the greater 
investment in motors when individual motor drive is the methoe 
adopted. 

Those who favor the individual drive are inclined to believe ths' 
the advantages of the absence of belts, with greater cleanlines 
and better light, and with accessibility for service by overhea¢ 
cranes, more than offset any increased costs. They point ou! 
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also, that, with group drive, when a transmission line or motor 
goes out, the entire group is out; that there is much waste when 
only a single machine or a few machines are run overtime; and 
that the advantage of the flexibility of the individual drive in 
positioning and moving machines is of itself a sufficient claim in 
favor of that type of drive. 

To me it appears that each shop must work out the problem for 
itself, and I point out the situation as a suggestion to the machine- 


tool builder that the prospective buyer of his equipment may 


have very good reasons back of his desire for just the kind of 


drive that the builder is not furmishing, no matter which kind it 


Favor is sometimes shown the single-pulley drive because 


machines so equipped are more readily sold as second hand. 
The fact that electric current differs in different localities is 
another point in favor of the single-pulley drive. 


SINGLE-PURPOSE VS. STANDARD MACHINES 


To some extent the selection of single-purpose or standard 


machine tools is comparable to the selection of one or the other 


type of drive. Some manufacturers lean very heavily toward the 


special, single-purpose machine — It is probable that they do so 


because they find that it pays, even when no such machine is 
available on the market, but must be designed and built in their 
own factories. There are others who will almost go out of their 


way to stick to standard machines. In favor of the single-pur- 


pose machine is the fact that it can be shown to pay on work of 
great volume and of fixed design. On the other hand, the stand- 
ard machine has greater resale value and does not limit changes 
in the design of product. 


Macuine-Toout Recorps 


The importance of machine-tool records has been brought to 
my attention. If we agree that plants should be kept modern- 
wed, we must agree, I think, that the machine-tool record is 
indispensable, not alone for cost, depreciation, and inventory 
purposes, but for carrying a record of the costs of repairs and 
comparative data needed in dealing with the equipment problem. 

In writing of his equipment policies for the American Machinist, 
the factory manager of a famous plant said, 


Uur repair cost records serve as a guide as to the time when a 


machine should be placed in the obsolete class. They serve also “us 
4 guide in the matter of rebuilding, of which we do probably more 
than the average amount. We consider repair costs so important 
that we budget the payroll of the vepair department monthly, pro- 
jecting the budget three months ahead. The budget is based on 


productive labor according to our output schedule. When the cost 
{ the repair payroll exceeds the budget allowance, one or both of 


Wo things must be wrong. Either our repair gang has not worked 
eficiently or we are repairing where we should be buying, or both. 
Since we are able to check our repair labor very closely, we are most 
likely to find that we are nursing along some machines that we should 
be better off without. 


Tue HumMan Equation 


Une of the advantages of up-to-date machine equipment is the 
effect upon employees. It is only human nature to want to live 
iN @ modern house, to own an automobile with the latest im- 
provements, and to want to work with the latest equipment. 
I was told recently in a big and comparatively new shop where 
there are none but individuaily motor-driven tools, that when the 
men were moved from an old shop, with older methods of drive, 
into the hew one, some of them said that they grew six inches. 

It 8 hot uncommon for managers or equipment engineers to 
believe that there is a noticeable increase in production when new 
and modern equipment is used, due to its effect upon the morale 
of the operator and entirely aside from increase due to the greater 
productivity of the equipment. 

It seems quite possible, as has been explained to me, that there is 
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a psychological effect upon men of the movement of materia!s, 
for example, on conveyors, and for that matter, on rapid-produc- 
tion machines, that induces an ambition to maintain the move- 
ment, or even to accelerate it. 

Modern machinery has taken much of the onerous heavy labor 
from the backs and hands of the workmen. Power rapid-traverse 
mechanisms have eliminated the heavy and time-wasting crank- 
ing formerly necessary to elevate cross-rails and to traverse heads 
and tables. Improvements such as push-button control have 
reduced danger to both machinery and men and have saved much 
time formerly wasted. Proper and complete guards have 
greatly reduced the hazards of machine-shop work, have saved 
much suffering and much money. Convenient controls have 
added to the day’s production and have made it possible for the 
operators of the heaviest machines to leave the shop after a day’s 
work still comparatively fresh. These improvements, inherent 
in up-to-date equipment, have benefitted machine-tool-building 
and machine-tool-using industries greatly because of the increased 
satisfaction of the shop personnel. 

These facts are being recognized, and with that recognization 
there is a growing appreciation of the value of the opinions of the 
men in the shop concerning equipment. Usually expression of 
shop opinion is secured from the foremen. More and more wide- 
awake concerns are giving their foremen a voice in the selection of 
equipment. A large concern, to which I have referred previously, 
has gone so far as to insist that all recommendations for equip- 
ment must originate with the foremen of the plant. To follow 
such a policy does not mean that the superintendent, or the 
manager, or the president, need sit by and wait until the foremen 
have discovered needed equipment. It does mean a tactful 
plan for getting the foreman to sell himself in regard to that 
equipment and finally to recommend and request it. 

Where high-production programs are in operation there are 
two methods of introducing new machine tools into the produc- 
tion. One method is to put them into the line as soon as received 
and the other is to try them on a production basis in an experi- 
mental department. The choice of method depends upon the 
type of management and the type of operators. It is needless 
to say that the experimental method is necessary in some 
shops, and there is much in its favor even when not necessary, 
especially if the man who is to operate the machine is allowed to 
help put it through its experimental paces. Prejudices that exist 
in the shop can be overcome by proper management, which 
includes the introduction of new equipment in a way that allows 
for existing conditions. Perhaps the fact that prejudice exists 
is not often enough recognized. However, most machine-tool 
builders will probably believe that it has existed if they will recall 
an experience with some machine that was thoroughly proved in 
the builder’s shop yet could not make guaranty for the buyer. 


CoNCLUSION 


In conclusion there are several interesting facts that seemed to 
have no place in the paper up to this point as it is sub-divided. 

In the matter of loading machine tools there are two policies 
followed: One is to load them well within their rated capacities; 
and the other is to give them all the load they will stand. With- 
out going into great detail, the reasons for underloading are to 
secure long life with a minimum of maintenance and repair ex- 
pense. The reason for crowding, or overloading, is to get out 
of the machines all the production they can deliver before they 
become obsolete. The overloading is done with full expectation 
of shorter life and higher repair costs. 

An instance of the profit accruing because the overloading 
policy was followed came to my attention. The introduction of a 
single change in the method of making a part caused the replace- 
ment of 300 of one type of machine by 30 of another, for the same 
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output. It is quite a task to dispose of 300 machines of one type 
in the second-hand market, and in the case cited the manufac- 
turer’s consolation was that while the machines were in use 
he had made them much more than pay for themselves by loading 
them to capacity. 

Replacement of machines by groups is many times advisable. 
Especially is this true in piece-work departments, where a new or 
improved machine tool would give one operator an advantage 
over the others. 

Machine-tool salesmen as a whole receive the praise of some 
buyers and the adverse criticism of others. What seems to be 
certain is that most users of machine tools, of the type that 
understands the equipment problem, want real engineering ser- 
vice in selling. Expressed very succinctly, what is wanted is a 
kind of salesmanship that will have as an objective, before every- 
thing else, the interests of the buyer. 

The last point is that automatic operation and feeding are 
growing in favor. The magazine is preferred to the hand feed 
where applicable, and the hopper feed, where the parts can be 
shoveled in, is preferred to the magazine. The limits to the 
magazine and hopper feeds are recognized, of course. However, 
their use is increasing, and must be taken into consideration. 

There is more to the equipment problem than I have told. 
There is a great deal more that I do not know. I have been glad 
to contribute what I could for two reasons: To help bring to the 
attention of those users of machine tools who are not keeping 
their equipment up-to-date those instances in their plants where 
the judicious spending of money on new equipment will pay them 
a profit; and to help to uncover for the machine-tool builder those 
opportunities for sales that are hidden because of the failure of 
that division of management responsible for equipment to under- 
stand the possibilities of the machinery available to reduce its costs. 


Discussion 


F. O. HoaGuanp.* The author called attention to many in- 
teresting and cold facts. Prior to the War machine-tool produc- 
tion amounted to about, $50,000,000 per year. This was thought 
to be an enormous figure, but comparing it with the figures which 
the author gives, it seems rather insignificant. 

The period of obsolesence for a standard machine tool is very 
indefinite; it may be written off in ten years; a special machine, 
in three years. There are cases where a machine must pay for 
itself within a year because the product may be changed. It is 
chiefly important, however, to keep the machine busy earning 
profits, otherwise all calculations come to naught. A machine 
running, say, 30 per cent of its capacity because it can turn out in 
that time the required amount of product, will require three 
or four years in which to pay for itself, whereas if it could be used 
nearer 100 per cent of the time it would not only pay for itself in 
a comparatively short time but in a few years it would show a 
handsome profit running into several times its cost. 

The various methods of buying new equipment are probably 
working well enough under various shop organizations and con- 
ditions. It is hard to say which one is the best. I think it 
depends on the individual and on the requirements. 

From both the buyer’s and the seller’s point of view, however, 
it is essential that the salesman, in order to be successful, know 
his line. It gives confidence to the prospective customer and 
closes the order for the machine to mutual advantage. 

A short time ago we were in the market for a certain kind of 
machine. There was one machine which was particularly attrac- 
tive, but there was one operation required of the machine which 
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had not been done before and there apparently was no reason 
why it could not be done. The manufacturer's representative, 
however, thought that it could not be done. Before the represen- 
tative got in contact with headquarters and found the operation 
could be performed on the machine, the order had already been 
placed with another concern. If the representative had known 
the possibilities of his machine and had been willing to fight for jt 
he would have received the order. 

The present tendency is definitely towards individual motor 
drives. For some time to come, however, the single-pulley 
drive meets the requirements as it is applicable to lineshaft 
drive also and can be easily converted either way. 


H. 8S. Beau.4 One of the interesting things that we discuss 
with our customer sometimes is the amount at which a man 
should be capitalized when replaced by a machine tool. [n our 
minds we arrive rather loosely at the figure of $15,000 per man 
Any machine which can be purchased inside of $15,000 and there- 
by eliminate one man appears to represent a proper saving. 


J. H. Connouuy.® There was mention in the paper of equip- 
ping power presses with friction drives with shear rings bet ween 
screws and pitmans. The shear rings in the screws have proved 
not so attractive on small presses because the continual pounding 
of the press causes the ring gradually to shear through unt) 
after some continuance of that action, it finally lets go under 
very light load. A somewhat brittle washer might be used 
that would break under an excess of load instead of gradual: 
shearing through. 

The installation of motors on either new machines ot 
machines in service may be somewhat simplified by the us 
of belt-tightening attachments which are now readily furnished 
They are mounted on the motor and if the machine is built for 
an ordinary belt drive the motor can be easily installed ani 


connected to it. 


Cuartes F. Marquis.* The policy of the General 
Company in regard to the replacement of tools is to put a ma- 
chine tool on the retired list when it is found to be unprofitabi 
It is either sold or scrapped. Very frequently a new design 
alters the plant equipment and makes a machine unti! 
particular purpose for which it was furnished. Lists «! 
retired tools are sent to the different plants, no matter wher 
they are located—Erie, Ft. Wayne, Pittsfield, Lynn, or schene 
tady. Any machine out of use in any one of the plants is puto! 
the list, and the executives from any of the other plants ca 
select any of the tools if they have a use for them. 

As Mr. J. A. Smith, who has charge of the machine too! pur 
chases in Schenectady said, ‘‘We have no sentiment al) iit ms 
chine tools. If they are not profitable, we take them 
either sell them or scrap them.’ In his organization there is 
man who is delegated to try to dispose of these machine (vols 
he does not find a purchaser within a reasonable length 0! um 
the machine is scrapped. It is all purely a matter 0 dollars 
and cents, and if profitable use cannot be made of « machi 
tool it is put out of commission. 

Industry, of course, is changing very rapidly. 
particularly busy on one line, and when we get equipped 
something happens to the sales organization and it does not & 
the orders, or perhaps there is a lull in that line and anotht 
branch will come up, and then of course the tools are ts" 
wherever they are applicable. 
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HE SUBJECT of this discussion is rather far-reaching, 
if consideration is to be given to the numerous details en- 
tering into the proper application of anti-friction bearings. 

Due to limited time, it will be quite impossible to deal directly 

with specific details, and the discussion will therefore be confined 

to general principles. 


It does not seem necessary to repeat here the fundamental 
practice in connection with anti-friction-bearing application, 
as that has been covered very completely in previous discussions 
and in the vast fund of information which has been widely dis- 
tributed by the several leading ball-bearing manufacturers. 
This discussion will therefore deal with the newer developments 
with which there has now been sufficient experience to permit 
recommending them as proper machine-tool practice. 

These principles may best be understood by referring to several 
illustrations which treat of the more important machine-tool 
elements. Certainly, anti-friction bearings have very definitely 
proved their superiority over other types of bearings in the more 
usual applications, such as change-speed gear boxes, loose pul- 
leys, back shafts, feed screws, drilling-machine spindles, ete. 

To those in the machine-tool industry who were pioneers in 
the application of anti-friction bearings many years ago, con- 
siderable credit is due for breaking down many of the old preju- 
dices. This has resulted in a very decided advance and change 
of opinion during the last two years throughout the industry, 
so that we find today many important applications of anti-fric- 
tion bearings in locations which only a short time back were 
considered questionable. The result obtained required con- 
siderable improvement in material, character of finish, and closer 
tolerances, accompanied by considerable metallurgical and 
physical research and also experience gained through actual use 
in the field, so that a surprising advance has been made over a 
short period, 


It is desirable first to understand the improvement which those 
interested in this development are attempting to attain. Anti- 
friction bearings, to be successful, must show many times the 
life of the older forms of bearings or considerably less main- 
tenance, resulting in greater number of productive machine hours. 
The application must be one which is more foolproof than the 
older types of bearings, where a scraping-to-fit is necessary or 
adjustments ar» required. This is becoming more and more im- 


portant as a greater amount of unskilled labor is finding its 
place in industry. 


The next item of importance is the use of a bearing which has 
the absolute minimum of friction. This is quite obvious, as fric- 
woh means wear, and wear definitely defeats accuracy and 
(uantity of production. In this connection, it is unquestionably 
4 fact that the more modern types of ball bearing, made to 
‘xtreme accuracy and of the highest quality of material, will 
certainly provide the least friction, and for the same reason re- 
quire the minimum or no adjustment. 


» Vice-President, SKF Industries, Inc. Assoc. A.S.M.E. 
chi resented at the First National Meeting of the A.S.M.E. Ma- 
Exhit Shop Practice Division and the New Haven Machine Tool 
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Recent Developments in the Application of 
Anti-Friction Bearings to Machine Tools 


Illustrations of a Variety of Designs; Importance of Proper Lubrication and Methods of Pre- 
venting the Accumulation of Dust in Bearings 
By R. F. RUNGE,’ NEW YORK, N. Y. 


Heat also is directly coupled with the subject of bearing 
friction. Heating on precision machines is of decided impor- 
tance, as it will be immediately understood by those who are 
closely engaged with machine operations on precision work that 
such machines do not produce close tolerances consistently until 
the machine has attained its operating temperature. This ma- 
terially affects machines in which automatic gaging of certain 
forms is used, so that machine heating due to friction in bearings 
plays an important part in percentage of scrap production. 

If the above elements are realized through the application of 
anti-friction bearings, then it must necessarily follow that there 
will be a power saving of some magnitude, or, on the other hand, 
a greater amount of power delivered to the cutting tools, result- 
ing in increased production. 

It can therefore be considered, in general, that the advantages 
of anti-friction bearings have been classed here in the order 
of their importance and may be summed up as providing for 
greater production at less cost. 

Rigidity is highly desirable in most machine-tool applications, 
thus reducing to a minimum the possibility of vibration. In 
that connection it might be well to mention here that an attempt 
has been made, in the more recently designed machines, to pro- 
vide heavier machines for a given operation, and in many cases 
where vibration has been present experience has shown that 
additional weight in the parts affected has very successfully over- 
come that objection. Mention is made of this condition for the 
reason that ordinarily the bearings are criticized for unsatisfactory 
results, whereas in many cases the trouble may be elsewhere. 

In order to obtain proper results, it is necessary very carefully 
to analyze the conditions to be met with regard to the bearings 
as with any of the other machine elements. It is therefore most 
earnestly recommended that any one contemplating the use of 
anti-friction bearings should have the entire problem very 
carefully studied by the bearing manufacturer. The several 
high-grade bearing producers have had considerable experience, 
and full advantage should be taken of that experience. 

The machine-tool manufacturers have been most cautious in the 
past in considering the application of anti-friction bearings 
to such parts as milling-machine spindles, lathe spindles, grind- 
ing-wheel spindles, and work-head spindles on the various types of 
machines. This is to be expected due to the requirements of con- 

sistent accuracy of performance and also due to the failures of 
past years, when the bearings had not been developed to as high 
a standard as at present, and improper types as well as improper 
mountings were used. This discussion will therefore be confined 
to the more important machine-tool-bearing locations, and an 
attempt made to indicate the more modern methods of applica- 
tion which are proving to be most satisfactory. 


SoME APPLICATIONS 


Fig. 1 shows the application®? of ball bearings to a geared- 
head lathe. The important consideration here is the spindle 
mounting. On the chuck end of the spindle there are two pairs 


? The patent rights of this and other designs illustrated in this paper 
are protected. 
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or four bearings recommended. The use of four bearings pro- 
vides for maximum rigidity of the spindle and sufficient bearing 
capacity with the minimum outside diameter and maximum 
spindle diameter for sufficient torsional strength. Two bearings 
are used at the back end of the spindle, where the load is lighter. 
This mounting gives the maximum of rigidity and, the accuracy 
of all parts being held to very close tolerance, is sufficient for load 


Fic. 1 AppiicaTion oF Batt BEARINGS To A GEARED-HEAD LATHE 


distribution over the several bearings. In / 
order to permit greater accuracy in the finish- 


ing of the parts, attention is directed to the 


mounting of the outer rings of the bearings in \\ 


a bushing. The bushing permits the use of \ 
better material for supporting the outer rings of 
the bearings, and may be hardened where this 
is an exceptional requirement. In this type 
of application, it is always recommended that 
the bushing be ground in order to provide 
closer tolerance for fitting and a higher charac- 
ter of finish. The use of bushings will further 
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= all of the inner rings between the nut 
fom * shoulder. Spacing ring C is used for the trans 
SSS 
ference of thrust load from one set of bearings 
“a Nea. 6 to the second set, so that there will be more tha: 
one row of balls carrying the thrust or axis 
— INN \ load. 
rhe four bearings comprise a unit definite! 
A asia clamped on the spindle and in the housing 


BSES\ wy The bearings in the auxiliary shafts in ths 


the bearing under the working load are therefore held to extremely 
close limits, which is only a small percentage of the amount that 
must be provided for in an oil-film-supported bearing, with which 
it is always possible to change the position of the spindle by 
squeezing out part or all of the oil film. In the case of th. 
ball-bearing mounting, the variations imposed by an oil film 
can be absolutely ignored. It is only necessary to grind spacing 
rings B and C to a slight difference in width 
due to the accumulated variation between th: 
widths of the outer rings and the widths of 
the inner rings. The individual bearings 
interchangeable with each other, are reversil)| 
and can be individually replaced. It might 
added that spacing ring B is necessary to loc} 


thereby positively stabilizing the spindle 


WA SSS lathe head are more or less general as to typ 


of application. A possible exception to ths: 
may be pointed out through the use of th 
self-aligning type of ball bearing next to t 
pulley. This design permits the bearing ° 
accommodate itself to any possible deflection 
due to the overhung belt load. 

The spindle mounting is one which is als 


permit through-boring for both the front and f- 
back holes in the headstock in one setting, and 

adds further to the ease of assembling by the 

use of capped bearings. 

Where it is found in the assembly that the 
spindle does not line up with the ways of the 
lathe, the use of the bushing permits the scrap- 
ing out or reboring the bushing seat for proper Fic. 
alignment, and the outside diameter of the 
bushing can then be ground to suit the changed hole diameter. 

It is obvious that it is necessary to eliminate all radial and axial 
play in the bearings, as well as in the fitted parts composing the 
bearing mounting. It is also necessary to confine the amount 
of movement permitted by elastic deformation between the 
balls and the raceways when the load is applied. This is provided 
for in the individual bearings, so that when the locknut A is 
set up, the bearings are loaded both axially and radially by es- 
tablishing the proper amount of elastic deformation within 
safe limits to a point beyond the amount of elastic deformation 
set up by the working load. The axial and radial movements in 
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APPLICATION OF BaLL BEARINGS TO A MILLING MACHINE 


recommended for precision machines of the centerless 
drical, and horizontal surface-grinding types. 
Lubrication is an important feature which will be covered 8" 
Fig. 2 shows a design which applies to horizontal milling * 
chines, the important element of which is also the spindle 
this case, the main spindle is supported on two bearings 3" 
front end and a self-aligning bearing at the back end. 
arbor support also carries two bearings. In both of thes * 
stances where two bearings are used, the same principle 
bearing construction are embodied in order to provide for =” 
elastic deformation between the balls and raceways. Atte® 
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is called to the construction of the arbor support, wherein the 
mounting can be removed without exposing the bearings or in- 
terfering with the lubrication. Although this design does 
not include bushings for holding the outer rings of the bearing, 
this is desirable for the front end of the spindle when space 
will permit. 

On the intermediate gear there is shown a double-row, deep- 
groove ball bearing which comes directly under the tooth load, 
and a single-row bearing at the back end, principally for more 
rigid stabilization. The idler pulley is the usual type of mount- 
ing with regular single-row bearings. It may be pointed out 
here that four different types of bearings are used, which are 
composed of extremely accurate spindle ball bearings, self- 
aligning ball bearings, double-row deep-groove ball bearings, and 
single-row ball bearings, each of the types having been selected 
very definitely to perform a particular function. 

Figs. 3a and 3b show two types of live tailstock centers for 
lathes and similar uses. Fig. 3b incorporates the usual type of 
flat-plate thrust bearing to withstand heavier thrust loads than 
can satisfactorily be carried on any of the radial types of bear- 
ings. This thrust bearing is required to carry the load in one 
direction only, as indicated by the arrow. When the tailstock 
is without load, it is important that the stationary ring of the 
thrust bearing be prevented from dropping, and for this purpose 
a series of light springs (marked A) are provided in the backing 
plate to keep a slight reverse pressure on the bearing. 

It will be noted that the spherical type of roller bearing is 


XX 


Fig. 36 


Figs. 3a Np 3b APPLICATION oF BALL BEARINGS TO Two Tyres OF 
Live TaiLtstock CENTERS 


utroduced in this construction. This is for the purpose of ob- 
taining greater bearing capacity within a limited space. It 
might be noted that this type of bearing has slightly more than 
twice the capacity of the equivalent size single-row ball bearing. 

Fig. 3a shows a live tailstock center employing one double- 
row ball bearing to take the combined thrust and radial loads 
and on the front end a single-row bearing for radial load only. 
The advantages of these designs are that there is less heating set 
up than with dead centers, that there is a slight reduction in 
power required, and that there is an almost entire elimination of 
redressing of the center points, permitting more accurate position- 
ing of the work, as the centers can be brought up metal-to-metal. 
Inasmuch as there are many lathes, milling machines, etc., 
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equipped with simplified countershafting, the design of Fig. 4 is 


recommended as one which provides for maximum efficiency, 
minimum space requirements, minimum weight, and minimum 
attention. While there is nothing particularly new about this 
application, attention is called to it as in many cases a very 
inefficient type of countershaft is supplied with the machines, 
and if maintenance and power saving are to be considered in the 
machine tool itself, they are equally important in the counter- 


shaft. 


The designs so far presented have dealt mainly with moderate 


Fic. 5 SpinpLe Equipped with BALL BEARINGS 


speeds and comparatively high load. In the grinding machine 
the conditions are generally reversed, speed being the most 
important consideration and load conditions secondary. 

The mounting shown in Fig. 5 is for a grinding spindle for 
external work. In this it will be noted that the bushing principle 
is again used. This provides for greater accuracy of bearing 
mounting, which is of still greater importance where higher speeds 
are encountered. The same special type of spindle bearing is 
recommended in this design. Here, again, where load capacity 
is not so important, the use of two bearings at each end of the 
spindle is recommended. 

Fig. 6 shows a small high-speed internal grinding spindle. Due 
to the great amount of trouble which has always been experienced 
with sliding bearings on high-speed work, ball bearings came in for 
earlier consideration on this application than elsewhere, and 
there has probably been more experience and greater progress 
made on the internal spindle than on any other type. Where a 
few years ago these spindles were operated at about 10,000 
r.p.m., speeds of approximately 25,000 r.p.m. are now being regu- 
larly used, and in certain unusual cases from 50,000 to 60,000 
r.p.m. are being attempted. In these higher speeds there are 
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several important considerations aside from the bearings, but 
without proper bearing application, any other developments, 
such as high-speed drives, etc., are of little consequence. 

Fig. 6 shows again the double-bearing mounting at both 
the front and rear ends of the spindle, utilizing specially made 
spindle bearings. The pair of bearings at the front end are locked 
endwise in order to stabilize the spindle, and it probably does 
not require mentioning that the stabilizing bearing should 
always be located nearest the grinding wheel so as to keep to 
a minimum the amount of change of wheel position due to ex- 
pansion of the spindle because of heat. While this principle 
applies particularly to grinding spindles, it also is of importance 
on any other type of spindle. This design then permits the 
expansion or contraction of the rear end of the spindle, as the 
two bearings at this point are permitted to float axially. Due 
to the special spindle-bearing construction, the two bearings in 
this design may also be locked through the inner races by a nut, 
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Fic. 7 APppiicaTIon oF Batt BEARINGS TO WorK-HEAD SPINDLE OF 
GRINDING MACHINE 


thereby taking out all of the radial and axial looseness and pro- 
viding for the amount of initial elastic deformation. 

The reason for providing for initial deformation in bearings for 
high-speed grinding-spindle mounts is somewhat different 
than for those on the heavier spindle applications. In the high- 
speed internal spindle it is not only necessary to eliminate any 
play from the bearings, but, due to the high speed of the balls in 
the raceways and very quick acceleration, it is important that the 
balls be not allowed to skid on the unloaded side of the bearings. 
When initial elastic deformation is provided for in the bearing, 
each ball is definitely driven through the inner race by positive 
contact. This skidding which takes place in the bearing will 
naturally set up a slight amount of wear, thus causing loose- 
ness. 

Fig. 7 is a rather interesting application in view of the fact 
that for many years it had been considered quite undesirable to 
attempt to carry the work-head spindle of grinding machines on 
ball bearings, the general objection being that, due to the slow 
speed of the work spindle, any eccentricity or irregularities of 
the bearings would be transferred to the work being ground. 
The method of mounting as shown in this design, in consideration 
of the accuracy of the special spindle bearings, completely over- 


comes that objection and is responsible for even more accurate 
work than has been generally done on spindles having sliding 
bearings, as here again the variation in oil film in the sliding 
bearings is completely eliminated. This construction follows 


‘ closely those shown previously in so far as bearings and mount- 


ings are concerned. 


LUBRICATION 


Proper lubrication for ball bearings is important, although it 
is commonly known that they require a very small amount of 
lubrication. It is quite necessary, however, that that be of proper 
consistency, and care should be taken to use a lubricant free from 
acids and foreign matter. 

There have been certain tendencies toward the use of grease in 
precision and high-speed applications. Grease may be used 
under certain conditions, but due to the great variety of viscosi- 
ties of grease, and also the numerous fillers which are used, 
grease lubrication is subject to a wider range of variation than is 
oil and is therefore less controllable. For such applications 
as have here been discussed, years of experience have very 
definitely shown that oil lubrication is preferable. 

In the design shown in Fig. 7, as well as in most of the others 
it will have been noted that oil lubrication is provided for in that 
oil is fed to the bearings through wick filters. It is a very 
common occurrence in supplying additional lubricant for ma- 
chines in operation in the shops, that the end of the oil can may 
contain a certain amount of grit or chips; and in the case where 
grease is used, many times the grease has picked up, through 
exposure, considerable gritty foreign matter. It is rather sur- 
prising to note the amount of fine grit which will settle into an 
open grease can from the atmosphere. A small amount of abra- 
sive which finds its way into the bearings is likely to develo 
bearing looseness due to abrasion. This is usually misconstrued 
as bearing wear, which it is in a sense, but not inherently due + 
the bearing itself. The filtering of lubricant before it enters th: 
bearing housing has very definitely been proved a decided ad- 
vantage, and on that basis alone grease is eliminated as a prope: 
lubricant as it is not subject to efficient filtration. 

As has been mentioned in a previous paragraph, it is advisabi: 
on precision machines to reduce as much of the heating as pos 
sible. Where grease is used, there is grave danger of generating 
additional heat through churning. This is also true where th 
bearings are partly submerged in a reservoir of oil. This ® 
eliminated in the designs presented, in that the oil is fed throug! 
the wick as a filter and from there through the spacer ring 4 
Part of the oil may find its way into the bearing through capu- 
lary action along the internal surface of the spacer ring A, bu' 
most of the oil will drop on to the spacer ring B, the result © 
which is that most of the oil entering the housing is atomizec 
A reservoir is not permitted to form, as the oil will feed throug! 
the bearings and out through drain holes C. This really develops 
into a drop feed from oil reservoir D, as the feed through the wie: 
is easily controlled. This has an additional advantage in tha' 
should any foreign matter or abrasive find its way into tl 
bearing housing, there is a tendency for the oil to carry it ov! 
through the drain holes. In certain instances where capillar 
feed is advisable, the wick is permitted to rub on a rotating pat 
which not only acts as a wiper for additional oil suction, but als 
for atomizing. 

Where automatic lubrication, or a centralized system, is us 
for all of the bearings on a given machine, this same principle “ 
lubrication can be applied. 

This principle of lubrication cannot be too strongly emphasize’ 
as foreign matter and improper lubrication in any type of bear! 
are extremely injurious, as has well been demonstrated. 

From the standpoint of foreign matter getting into the bear 
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housing, the design of enclosures is of equal importance. In 
the design in question, at the three positions E is shown what is 
termed a labyrinth seal. This may be of the single or multiple 
type. Those shown in Fig. 7 are single, whereas those shown 
in the design in Fig. 6 are multiple. This construction has 
proved quite satisfactory, although there still remains room for 
improvement. In the case of high speed, grooves filled with felt, 
cork, or other compositions have not proved entirely satisfactory. 
The rubbing friction is sufficient to burn the material, and, in 
addition, any soft material acts as an absorbent of abrasive, and 
over a period of time sets up a lapping condition, accompanied 
by heat and wear. 

In closing, the importance should again be emphasized of mak- 
ing a careful analysis of the conditions to be met in the various 
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types of machines; that full advantage should be taken of the 
information the bearing manufacturers are in a position to sup- 
ply, and that standardization should be definitely kept in mind. 
It is fair to say that the initial installation of ball bearings, if 
made standard practice on machine tools, should show very 
little, if any, higher cost than many of the present types of sliding 
bearings, to say nothing of the decidedly lower maintenance costs 
of ball bearings in comparison. 

The machine-tool industry, in the writer’s twenty-two years of 
observation, is now making greater headway than at any previous 
period in the application of better bearings, and a safe prediction 
would be that the next important step in the way of improve- 
ment will be a more general adoption of ball bearings as standard 
equipment in the machine-tool industry. 
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The Manufacture and Application of 
Extruded Copper Tubes 


The paper describes briefly the development of extrusion proc- 
esses. Soft metals such as lead, tin, and lead-tin alloys have been 
extruded by heating them to a temperature just below the melting 
point and forcing them under pressure through dies. Collapsible 
tubes for holding dentifrice have been formed from cold metal in a 
press by a process in which a punch, entering a die, forces the metal 
to flow between it and the sides of the die, the tube being stripped off 
the punch by hand. 

The paper next describes the cold extrusion of copper into tubes 
7 mm. in diameter, having wall thicknesses of 0.0035 in. to 0.006 in. 
and 9 to 15 in. long. Electrolytic copper, 99.9 per cent pure, is 
extruded hot into bars about '/, in. in diameter. These are cut 
up into slugs about 7/\, in. long and subjected to two preliminary 
forming processes which reduce them to cups with wall thickness of 
about ' ,, in. and pressed bottoms of paper thinness. The cups are 
then extruded cold in a press by means of a die and punch, the 
material flowing out of the die around the punch through an annular 
space which is the exact cross-section of the finished tube. A 
pressure of 50,000 Ib. is applied throughout '/;; of a second, the 
energy thus expended causing the copper to assume a plastic state. 

A final operation forms hexagonal ends to the extruded tubes 
which permits their assembly with closely fitting sides into cellular 
radiators for aircraft and automobile motors, condensers for re- 
frigerants, unit heaters, and other heat-exchanging apparatus. 


HE extrusion process offers a method of manufacturing 

short lengths of thin-walled copper tubes which is more 

economical than the usual draw-bench method of manu- 
facturing. The relative novelty of this method can be better 
appreciated if it is stated that the method is comparatively 
new from the manufacturer’s standpoint and is used by not 
more than three or four companies throughout the entire world 
at this time, the reason for this being twofold: first, because 
the basic patents were held in America, and second, because the 
small amount of obtainable knowledge of this subject coupled 
with the limited demand for short lengths of thin-walled tubes 
acted as deterrents. There is no question but that, as more 
and more is learned of this subject and as new uses for the finished 
product appear from day to day, the industry offers a very 
fertile field for expansion. 


History 


The extrusion } rocess is not new inasmuch as we find that 
the first patents on record were taken out in England in 1797. 
However, up to within recent years, all patents having to do with 
this process covered the manufacture of lead, tin, or lead-tin 
alloys and finally led the way in more recent times to the copper- 
zine alloys which contain small percentages of aluminum, lead, 
uckel, iron, or other ingredients. The first extrusion machines 
were comparatively clumsy tools somewhat resembling hollow 
cylinders containing a hole in one end and fitted with a piston. A 
lead ingot heated just below its melting point was then placed 
within the cylinder and pressure applied to it by the piston which 
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was actuated by a screw. Continuous pressure on the ingot 
forced the lead to emerge from the hole in the bottom in the 
shape of a rod. 

Later on, somebody thought of partially closing the orifice 
at the bottom of the eylinder by means of a rod somewhat 
smaller than the hole and held in a fixed position. When pres- 
sure was applied to the lead ingot as before, the lead emerged 
in the form of a hollow tube. 

In 1863 a patent was issued in this country covering the 
manufacture of tin-lined lead pipe by the extrusion process. 
Up to that time, this pipe had been made by melting tin inside 
of the pipe but this was unsatisfactory because the tin did not 
always cover the entire inner surface of the pipe, lumps were 
often formed, and the coating was of very unequal thickness. 
The means employed to manufacture tin-lined pipe consisted 
in fitting a hollow ingot of tin into another of lead and then 
fitting the assembly into a cylinder somewhat similar to that 
previously described. As pressure was applied to the top of 
the piston, both the lead and tin ingots were extruded at equal 
rates, causing the finished pipe to have a smooth appearance 
both internally and externally, and also giving the interior a 
uniform, homogeneous coating of tin. 

In 1873 a patent was issued for the manufacture of curved 
lead pipe such as is used for water traps. This method was 
simplicity itself. In the middle of the pressure cylinder such 
as has been previously described, an annular diaphragm or 
washer was placed with an opening larger than the fixed rod 
previously described and which determined the inside diameter 
of the pipe. By moving this diaphragm a trifle to one side 
or the other, it was possible to vary the volume of metal flowing 
through the opening on various sides and this, in turn, caused 
the pipe being extruded to be bent to one side or the other at will, 
depending on the direction in which this diaphragm was moved. 

At about this time, there was established in New London, 
Conn., the business of making collapsible tubes used to contain 
a dentifrice. These tubes were made of pure tin and the method 
of extruding differed from that previously described in that the 
moving punch was set down into a die with a solid bottom 
containing the tin matrix. Upon the application of pressure, 
the metal in the die had no place to go except through the an- 
nular opening between the inner diameter of the die and the 
external diameter of the punch and consequently shot up the 
punch, from which it was stripped by hand. This method of 
extrusion, while different from that employed in the manu- 
facture of copper tubing, constitutes the first method on record 
wherein a metal was extruded without the application of external 
heat. 

Up to 1903, all the known methods of extrusion dealt with 
metals of a naturally plastic nature such as tin or lead, and all 
of them, with the exception just mentioned, had to rely upon the 
application of heat in order to make the extrusion practicable. 
In that year, 1903, a diemaker from Binghamton, N. Y., was 
experimenting with tools used in the manufacture of the two- 
piece “Bachelor Button’ which he was then making and with 
which everyone is familiar. During his experimentations, he 
happened to make a punch a trifle long and rather than scrap 
it, he decided to put it to some use in order to ascertain its 
effect on the stock he was then using. 
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To his surprise, the finished button measured not !/, inch 
long as he had expected, but approximately one inch in length, 
and had the form of a slender tube not in the least resembling 
the button he had started to make. After repeating the experi- 
ment a few times and obtaining the same result, he came to the 
conclusion that the metal, being confined on all sides except 
at the annular opening between the punch and die, was forced 
to flow through this opening when sufficient pressure was 
exerted by the punch. This, then, represents the first known 
case of the true cold extrusion of any metal harder than lead or 
tin and so, through various evolutions and improvements, but 
with no change in the fundamental discovery made by this 
diemaker, we arrive at the method in use at the present time. 


MANUFACTURE 


The tubes made by the extrusion process which is about to 
be described are composed of copper of a purity of at least 
99.90 per cent. The tubes have a wall thickness of 0.006 inch 
in ordinary practice, although it is possible to make them with 
a wall as thin as 0.0035 inch without great difficulty. 

The extrusion process divides itself into two main parts: 
first, the formation of a suitable cup, either from rod or sheet 
copper, and second, the extrusion of this cup into a thin-walled 
tube. As now practiced, these cups are made from extruded 
electrolytic-copper rods approximately one-half inch in diameter 
and 12 ft. long. These rods are extruded by the well-known 
process of heating the ingot close to its melting point, thereby 
rendering it soft or plastic enough to flow through the dies, 
which differs from the cold-extrusion method being described. 

The extruded rods are cut up into small cylinders, each one of 
which contains nearly the same weight of metal as will be con- 
tained in the finished tube. The most economical way of 
cutting up these long rods consists in shearing off five lengths 
or cylinders at one time, each one of these lengths being 7/,¢ inch 
long and weighing 140 grains or '/;) lb. This method of cutting 
or shearing makes high production practical since the presses 
doing this work have a speed of 125 strokes per minute and 
five pieces are cut off at each stroke. 

These sheared pieces are subjected to two operations, the 
purpose of which will become clear if it is borne in mind that 
it is desired to make hollow cylinders out of these pieces pre- 
paratory to their being extruded. 

The first of these two operations consists in the indentation 
of the small cylinder or slug and forms the start of the hollow 
cylinder which is the ultimate goal. After annealing, the 
indented slug is then subjected to a second forming operation 
which completes the work started by the first, and the erstwhile 
solid slug emerges as a small hollow cylinder with a bottom 
not much thicker than a piece of paper and actually perforated 
in the center. Both of these operations are performed on heavy 
draw presses with friction dials. These presses have a stroke 
of 3'/2 inches and contain under-punches in order to push the 
work back up over the dies and out of the machines. 

It may be wondered why two operations are necessary to 
form a hollow cylinder out of a slug of copper one-half inch in 
diameter and of the same height. This is due to the self-harden- 
ing properties of copper as it is being worked, inasmuch as the 
stresses set up in the displacement of so much metal become 
higher than the tensile strength of the steel in the punch after 
a comparatively short distance has been traversed by it, and it 
consequently becomes necessary to start the perforation, anneal 
the work and go through the second operation of making the 
slug hollow down to the bottom. 

In describing the foregoing operations leading up to the 
actual extrusion of copper tubes, it must be remembered that 
the same hollow cylinder might have been obtained by forming 
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a cup from sheet copper but the mechanical difficulties pre- 
sented in such an abrupt folding, coupled with the extra opera- 
tions necessary to make a base thin enough, make it much 
more economical to manufacture it as described. 


THe Extrusion Process 


After another annealing operation, this hollow cup is now 
ready to be extruded. At the present time it is approximately 
*/i¢ inch high, 7/i¢ inch diameter and has a wall thickness of 
'/i9 inch, and in one operation this cup will emerge as a tube 
10 inches long and having a wall thickness of 0.006 inch, a 
reduction of 94 per cent. This offers a clear contrast between 
the extrusion method and that of ordinary drawing where a 
reduction of 50 per cent represents the usual limit. 

The extrusion operation itself is done on a straight pillar 
drawing press having a stroke of but 2 in. This will no doubt 
seem all the more remarkable when it is considered that at each 
revolution of the machine a tube anywhere from 9 to 15 in 
long is made. Fig. 1. shows the rear of the extrusion press 

The extrusion press is equipped with two sets of punches and 
dies but the punch holders are mounted on slides having a 
reciprocating longitudinal movement and operate at one-half 
the speed of the press, so that while there are two sets of tools, 
as just mentioned, but one tube is made per revolution of the 
machine. 

The actual extrusion of the tube is somewhat as follows: 
The slug previously described, and which resembles a hollow 
cylinder, is picked up from a friction dial plate and set down 
within a die having an orifice in the bottom of exactly the sam 
diameter as it is desired to obtain on the outside of the finished 
tube. Meanwhile, the punch which picks up this cup and 
places it in position within the die has a diameter equal to the 
desired internal diameter of the finished tube, so that a cross- 
section through the punch and die when in position shows 4 
perfect annular opening which is the exact cross-section of th: 
tube to be extruded. 

On the punch, as well as the die, there is a shoulder whose 
purpose it is to fit tightly into the top of the die and not onl) 
to press down on the cup within the die but also to preven! 
the escape of metal, rendered plastic by the very high compres 
sion, up over the die instead of down through the annular open- 
ing at the bottom where it is supposed to go. 

Having placed the cup in position inside of the die and with 
the punch directly over it and descending, the sequence 0! 
operations is as follows: First of all, the cup becomes subjected 
to a high pressure by the action of the press transmitted throug! 
the punch. This pressure has the effect of causing the sides 
of the cup to enlarge and to hug the sides of the die tightly; 
fact, so much so that the work necessary to cause the oute! 
molecules of this enlarged cup to slide in the die during th 
process of extrusion represents a considerable factor of the tots 
work necessary to extrude the metal. This effect has bee! 
called surface friction, and the writer believes that this surfac 
friction is responsible for the fact that certain metals having mor 
plasticity than copper are harder to extrude. 

Visualizing now the cup up to the point where it has bulge 
and has been set firmly on the shoulder in the die, continued 
application of pressure by the downward movement of th 

punch will cause either a rupture of the tools or will force th 
metal in the cup, now in a plastic state, through the annuls' 
opening between the punch and the die, thereby forming th 
tube. The reason for the plastic state of the copper is ths! 
the energy of impact, or the kinetic energy of the press, b®* 
been converted into heat at the point of impact, i.e., at th 
cup itself. Experiments made on an Olsen testing macht 
show that for a copper cup weighing 140 grains, a pressure “ 
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approximately 25 tons, or 50,000 Ib., is necessary to start the 
actual extrusion of the cup, but immediately the metal has 
started to flow, this pressure drops down to 10,000 lb., proving 
conclusively that the difference in pressures has gone into the 
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creation of heat necessary to render the cup plastic before it 
can start to extrude. 

Now it will be remembered that a cup, which has been heated 
by the application of the energy in the press, is surrounded by 
steel tools which are good conductors of heat, and it may be 
wondered why these tools themselves do not dissipate the heat 
away from the cup and thereby prevent its becoming plastic. 
The reason for this is that the press has a speed of 125 r.p.m. and 
that at this speed, the work of compression and extrusion is done in 
one fifteenth of a second, from which it will be seen that the 
heat embodied in the cup does not have time to be transmitted 
to the tools before it is extruded. An interesting proof of this 
was found during the process of studying the various pressures 
required to extrude on an hydraulic press. Here the rate of 
extrusion is approximately seventy times less than on the stand- 
ard extrusion presses and it was found that the heat caused by 
the work in the cup was transmitted through the outlying tools 
80 rapidly that extrusion was impossible, and that fracture of the 
tools invariably occurred. 


CooLiInG AND LUBRICATION 


It is obvious from the tremendous amount of work done in 
extruding a tube, that a continuous succession of these operations 
would cause the tools used in the operation to become heated to 
such an extent that annealing would ensue, were a coolant not 
used. As explained before, an amount of heat capable of pre- 
heating the cup and thereby increasing its plasticity, would 
materially reduce the amount of work to be done in the actual 
extrusion operation and would also increase the life of the tools, 
but the difficulty in obtaining a satisfactory balance between an 
excess and a paucity of heat is still a problem which will only be 
solved by future research. Not only must the coolant remove 
heat from the tools but it must also quench almost instantane- 
ously the extruded tube issuing from the die at a high tempera- 
ture, lest annealing and spoilage of the tube result. 

In addition to these two duties imposed upon the coolant, 
‘t Must possess two other qualities, namely, lubrication, and 
relatively high viscosity at elevated temperatures. Lubrica- 
tion is needed to facilitate the sliding of the cup in the compres- 
Sion stage immediately before extruding in order to diminish 
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the surface friction between the outer wall of the cup and the 
inner surface of the die. 

The only substance which has satisfactorily performed all 
of the above four functions is lard oil. Not only is it an excellent 
coolant, but its high flash point and viscosity enable it to be used 
where almost all other commercial types of oils have been found 
useless, At various times aqueous soap solutions have been 
tried, with and without lard oil, but the results have been dis- 
appointing. As a matter of fact, the extra friction entailed by 
the use of experimental lubricants, other than lard oil, was so 
pronounced that a decided grind or crunch could be heard every 
time a tube was being extruded, demonstrating an audible proof 
of the extra friction encountered. 


Tue Toot 


There remains one subject pertaining to the extrusion process 
which is the cause of considerable variation in production costs 
and that is the tool problem. If one considers that a pressure 
of 50,000 Ib. is needed to start the extrusion of the tube and that 
this, reduced to unit pressure, becomes 200,000 to 250,000 Ib. 
per sq. in. on the punch, it will be appreciated that it is rather a 
delicate problem to find steels capable of standing up under 
the 
proper heat treatment and design of these tools require the ut- 


stresses almost as high as their vield points. Moreover, 


most care, since the least variation or departure from tried and 


Fie. 2 ComBinaTIoN ANNEALING AND ExpanDING MACHINE 


(In this machine, the ends of the tubes are annealed and then expanded 
into a hexagonal form. At the same time the tubes are dimpled or in- 
dented.) 


tested standards means that the tools either will not function 
properly or else that their lives will be very short. 
The foregoing represents the fundamental principles involved 
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in the manufacture of thin-walled copper tubes. While this 
method is styled cold extrusion, it has been shown that there is 
no such thing as true cold extrusion since plasticity of the copper, 
and consequently its extrusion, cannot be obtained without heat. 
The difference between the method above described and that 
discovered 130 years ago is that in one case the energy of the 
press is transmitted into terms of heat at the work instead of 
supplying the requisite heat by external means. 


APPLICATION 


Once extruded, these tubes are sawed to the desired length, 
are given a hexagonal shape on the ends as shown in Fig. 2, and 
are finally tested individually at 35 lb. air pressure before pass- 
ing on to be assembled into the object for which they are specified. 

Primarily, these tubes serve an ideal purpose in almost all 
types of heat exchangers. The most common types of heat 
exchangers are radiators, whether of the type used in automo- 
biles or in domestic heating. In the first, the water traveling 
through the system absorbs heat from the cylinder jackets, 
which is in turn dissipated to the surrounding atmosphere when 
passing through the radiator. In the second case, steam con- 
densed within the radiator delivers its latent heat to the radiator, 
from which it is in turn radiated and dissipated to the outer air. 

Returning to the tubes, the wall is very thin (0.003 to 0.006 
inch), consequently any difference in temperature between the 
two sides of the tube tends toward rapid equalization. In other 
words, the rate of heat conductivity through the walls of the tube 
is rapid on account of the fact that the rate of heat transmission 
is a function of the thickness and this, of course, is at a minimum 
in tubes of this thinness. 

Secondly, these tubes are made of copper, and copper is sur- 
passed only by silver in the conduction of heat. With this 
explanation of the fitness of thin-walled copper tubes as ideal 
transmitters of heat, we pass on to a few practical illustrations 
of different types of heat-exchanging apparatus. 


RADIATORS FOR AIRPLANE AND AUTOMOBILE ENGINES 


Shortly after the termination of the World War, the Engineer- 
ing Department of the U. 8S. Air Service made a comprehensive 
study of the then existing types of radiators used to dissipate the 
excess heat of airplane engines. During the course of their study, 
which included radiators in use on European planes as well as 
American, it was ascertained that most of the European radia- 
tors were made up of a multiplicity of individual tubes and that 
these radiators seemed to be efficient, were remarkably free from 
troubles, and were readily repaired when accidents occurred. 
At that time, the British Government had established a standard 
tube diameter of ten millimeters and the French Government 
had set the standard at seven millimeters. The tubes used by 
both these Governments were made of brass and were drawn. 
The English, however, were using a tube 6 in. long or ap- 
proximately 15 calibers (the ratio of the length to the internal 
diameter). The French used a tube approximately 5 in. 
long or 12 calibers, which represented the practical manufactur- 
ing limit in the drawing of such a slender tube. 

Further investigations and tests by the United States Govern- 
ment brought out the fact that if tubes from 30 to 35 calibers and 
8 to 9 in. long could be obtained, higher efficiencies would be 
reached. It was then determined that the most practical method 
of manufacturing tubes of this description was the extrusion 
process and it is significant that from that day to this, these tubes 
have been standard with the United States Government on their 
water-cooled planes. The tubes most commonly used have a 
wall thickness of 0.006 in., are close to 7 millimeters in diameter, 
and ordinarily have a finished length of 9 in. Each tube weighs 
107 grains or '/, of an ounce. Each end of the tube is expanded 


‘ hydrocarbons or SO, as a refrigerant. As is well known, the 


into a hexagonal outline so that many are packed together, 
the ends of each tube nest perfectly against their neighbors, 
and when the packed assembly is dipped in solder to seal the 
hexagonal faces the result is that each tube is firmly attached on 
six sides, giving the maximum of strength and yet presenting 
as large an amount as possible of open space or free area for the 
passage of air. With very few exceptions, all of the tubes used 
for airplane radiators have a smooth body, as the use of air 
baffles or other obstructions is detrimental. 

Besides the tubes with a plain or smooth body, as just ce- 
scribed, there are also made other types which have a series of 
dents or air baffles on their bodies and which project into the air 
stream. These baffles serve the purpose of deflecting the air in 
its passage through the tube, imparting to the air a highly turbu- 
lent effect and causing it to scour the inside walls, thereby break- 
ing up the air film normally adhering to the walls of the tube and 
tending to impair the transmission of heat from the tube to the 
air. This scouring effect is necessary and desirable when dealing 
with air speeds commonly encountered in automobile practice, 
but when the air velocities begin to mount over 7000 f.p.m,, 
the very energy of this air is sufficient to break up the air film 
just mentioned and any baffling of the tube increases the head 
resistance of the radiator and decreases the speed of the plan: 
without proportionately increasing the heat dissipating capacity 
of the radiator. 


CONDENSERS 


These tubes in shorter lengths are also coming into prominent 
use as condensers for automatic refrigerators using any of thy 


cycle of all compression types of refrigerating machines is the 
compression of the gas, condensation, and final expansion 
After the gas has been compressed it is obvious that there must 
be removed from it, in order to effect condensation, the sam: 
amount of heat which it absorbed during the expansion cycle 
It is for the purpose of removing this heat that condensers ar 
made using these tubes as a matrix. 


Buast HEATERS 


Extruded tubes are coming into very prominent use in the 
manufacture of blast heaters or radiators. This type of radiator 
is to be distinguished from the well-known household type in 
that the stream of air is forcibly directed through the air spaces 
of the tubes, is thereby heated by the latent heat of the steam 
condensed within the tubes, and by the very movement of the 
air itself is diffused into the room in which it is placed. This 
type of radiator has effects entirely different from the ordinar) 
direct radiator with which everyone is familiar and which heats 
the surrounding air by convection and radiation only. 

The blast system of heating has many advantages, clue/ 
among which are the very short warming-up periods due to the 
almost instantaneous diffusion of heat, and the high efficiencies 
in heat transmission obtained with them. The writer recalls 
having seen an installation of such heaters mounted in a building 
52 feet above the floor level in a monitor roof and yet the grouné 
level was entirely comfortable, was free from drafts, and the 
temperature in all parts of the room was very uniform. Sue! 
movements of air over long distances can only be possilile by 
heaters offering the minimum amount of resistance to air flow, 
and this resistance is kept at the minimum point by the construc 
tion and assembly of the tubes themselves. This type of bias 
heater is now in general use for heating industrial buildings 
school rooms, offices, garages, or in fact in any place where 
appreciable amount of heated air is to be delivered, and the 
writer believes that in the near future it will be possible to he® 
our homes by some similar type of radiation. 
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Ball-Bearing Machine-Tool Spindles 


This paper is a review of the three types of ball-bearing machine- 
tool spindles now in use, showing how rigidity is obtained in each 
type and what results are secured. There is also a historical review 
of the first type, which was originally put into service over ten years 
ago and has since received minor improvements. The three main 
groups are: 

(a) Two-bearing, manually adjusted spindles 

(b) Automatically spring-adjusted spindles 

(c) Three-bearing spindles, adjustable and non-adjustable. 

Comparisons are made between the various types for their rigidity, 

and some deflection curves and actual measurements of rigidity are 
quoted. 


I—TWO-BEARING, MANUALLY ADJUSTED SPINDLES 


HE first notably successful ball-bearing heavy-duty ma- 
chine-tool spindles were built in 1917. These machines 
were all of the two-bearing, manually adjusted type using 
one angular-contact or radio-thrust bearing at each end, the two 
bearings being adjusted with initial thrust applied by a nut on 
the shaft in back of the smaller bearing. Fig. 1 is a typical 
example showing the Hart-Parr shell lathes built in 1917 for 
turning 16-in. shells. 


IniTiAL LOAD AND DEFLECTION 


These first machines showed that the ball bearings could be 
more rigid than plain bearings, but to do so they must be pulled 
ery tight: the ball bearings must have a relatively large initial 
load. After a few experiments, the initial load was set at approxi- 
nately 10,000 Ib. thrust, about as much as the bearings would 
tand without impairing their life. 

The initial load was not accurately measured because a wide 
variation was permissible—anything from 8,000 to 12,000 Ib. 
proved satisfactory. The load was controlled by the simple 
method of pulling the adjusting nut as tight as possible with a 
six- or eight-foot pipe length on the end of the wrench. 

Fig. 2 shows the axial-deflection curves for the bearings used 
in these first machines. These bearings of ten years ago show 
larger deflections than the more recent bearings with closer race 
curvatures (Fig. 4) 

Both the large bearing at the front and the small bearing at the 
rear were of the radio-thrust or angular-contact type. In the 
first machine both bearings were RT 100 per cent types. In 
the later designs the smaller bearing at the rear is an RT 200 per 
cent type with greater contact angle and correspondingly greater 
thrust capacity, while the large bearing next to the work remains 
an RT 100 per cent type with a smaller contact angle to give 
greater rigidity in a radial direction. 

The rigidity obtained by the large initial load can be determined 
from the deflection curves of Fig. 2. Consider first the effect 
of large thrust loads from an end-facing or boring operation. 


TABLE 1 AXIAL DEFLECTION UNDER THRUST LOAD IN 
BALL. BEARING SPINDLE OF FIG. 1 


Thrust load from work assumed, Ib.......... 1,000 5,000 10,000 
Load on large bearing increases from 10,000 to 10.500 12,500 15,500 
Load on smal! bearing decreases from 10,000 to 9,500 7,500 5,500 
Difference equals load from work.... oa 1,000 5,000 10,000 


Corresponding axial deflection (from curve) in. 0.0002 0.00085 0.00178 


| Assistant Chief Engineer, Gurney Division, Marlin-Rockwell 
Corporation. 

Contributed by the Machine Shop Practice Division and presented 
at the Spring Meeting, Pittsburgh, Pa., May 14 to 17, 1928, of THE 
AMERICAN SocIETY OF MECHANICAL ENGINEERS. 


By THOMAS BARISH,! JAMESTOWN, N. Y. 


DEsIGN 


These first machines showed that the spindle itself had to be 
stiffer when mounted on ball bearings, largely because the ball 
bearing approaches a point support, whereas the plain bearing 
offers support over a longer length of spindle. This calls for 
increased spindle diameters except where the original spindle is 
oversize. 

On the other hand, the relatively narrow ball bearing can bring 
the main point of support much closer to the nose of the spindle 
and reduce the overhang of the work, a very important factor 
for heavy roughing cuts, for greater accuracy, and for large 
overhangs. 

Furthermore, the narrow bearings permit a definite shortening 
of the spindle and the frame. The resultant saving in cost of 
frame and the elimination of hardening for shafts and scraping 
for bronzes or babbitts materially reduces the cost of the machine. 


Fic. 1 SPINDLE oF 16-IN. SHELL Latue BUILT IN 
1917 


(Typical example of first type of heavy-duty machine-tool spindle using two 
opposed angular-contact bearings.) 


One manufacturer who regularly made both bronze-bearing and 
ball-bearing machines of a certain type reports a $400 lower cost 
of production for the ball-bearing machine. 

This first type of ball-bearing spindle, the two-bearing opposed 
mounting, requires a rigid headstock, especially endwise. Other- 
wise the large initial loads pull the two end walls together. The 
very first experimental machines showed well over 0.010 in. 
movement under the initial load. The addition of several ribs 
and a thickening of the walls reduced this to much less than 
0.005 in. 

The ball bearings on the spindles of these first machines show a 
small saving in power. However, the power saving is of minor 
importance compared to the large increase in production that can 
be obtained. This is most noticeable under higher-speed rough- 
ing cuts. One authority explains the difference as folllows: A 
bronze-bushed lathe might not permit more than 0.015 in. feed 
because the flexible oil film will permit the cut to vary from 0.012 
in. to 0.018 in., with resultant danger of chatter. A_ball- 
bearing lathe with the same tools and cuts can use the full 0.018- 
in. feed and perhaps even 0.020 in. because of the greater 
steadiness. A specific comparison obtained on a machine of this 
type is given at the end of Part II of this paper. 

The ball-bearing spindle is also useful for wide form-tool work, 
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For example, a ball-bearing spindle is cutting all the cooling 
ribs on the Wright Whirlwind airplane-motor cylinder. All 
the sixteen ribs on the steel forgings are cut in one operation with 
a multiple tool arrangement. 

The increased steadiness also prolongs tool life and proves 
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‘1G.2 AxIAL-DEFLECTION CURVES FOR LATHE SPINDLE SHOWN IN 
Fig. 1, Design AND BEARINGS OF 1917 
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Fic. 3. Axtat-DEFLECTION CURVES FOR More Recent Two- 
BEARING SPINDLE 
[Similar to Fig. 1 but smaller (4 in. instead of 6 in.).} 


valuable for complicated and expensive tools and for difficult 
set-ups. 

The second important advantage of ball bearings was not 
realized until after the bearings were in use for some time. They 
require little attention for maintenance. There is a tendency 
for the bearings to “wear in,” or perhaps it would be better to 
say “roll in,’ during the first 50 to 100 hours’ operation. Then if 
kept clean they need no further attention for from two to six 
years, depending upon the severity of the service and the suita- 
bility of the mounting for the work. 

The need for a readjustment after the “rolling-in’’ period can 
be avoided in all slow-speed and medium-speed spindles by 
setting the spindles up slightly tighter at the start. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ReEcENtT Two-BeariInG SPINDLES 


The latest developments in two-bearing opposed mountings 
are arranged to meet the demand for heavier cuts and greater 
production by the use of even stiffer frames and spindles and 
certain modifications in the ball bearings for increasing the rigidity, 

Fig. 3 shows the axial-deflection curves for bearings used 
within the last 3 or 4 years. These are smaller bearings than those 
of Fig. 1, but probably handle even heavier work. Note the 
much flatter deflection curve. These bearings use an initial 
load of about 4000 Ib. The deflections are compared in Table 2, 
which is similar to Table 1. 


TABLE 2 AXIAL DEFLECTIONS UNDER THRUST LOAD IN RE. 
CENT TWO-BEARING OPPOSED MOUNTINGS (RECENT CLOSE. 
CURVATURE BEARINGS) 


Thrust load from work assumed, Ib.......... 1000 4000 8000 
Load on large bearing increased from 4000 to 4550 5750 S000 
Load on small bearing decreased from 4000 to 3550 1750 0 
Difference equals load from work............ 1000 4000 8000 


Corresponding axial deflection, in............ 0.00018 0.0008 0.0017 


The effect of a radial load or a combined radial and thrust load 
is far more difficult to determine. The front bearing, becaus: 
of its large initial thrust, will act under pure radial load somewhat 
like a radial bearing that is tightly fitted. To give some idea of 
the radial deflection, Fig. 4 (upper curve) shows the deflections 
for this same bearing if it were a radial bearing made with a 


2,000 4,000 6,000 8,000 10,000 12,000 
Radial Load , Pounds 


Fic. 4 DeFLecTION (APPROXIMATE) FOR FRONT BEARING 
Or Two-BEARING OpposED SPINDLE 
(Same bearing as shown in Fig. 3. Note effect of large initial load in flattes 
ing curve.) 


line-to-line internal fit. Note how flat the curve becomes unde 
heavy loads. The initial load moves the operating condition 
up into the flat part of the curve. In other words, that pa" 
of the curve marked AB is moved down to the origin to the poin 
marked ah. 

These small deflections compare favorably with those of t! 
usual bronze bearings for a lathe of this size with their 0.0024 
to 0.005-in. initial looseness and their relatively flexible oil film 

In selecting the initial load of 4000 lb., the ngidity of the spind 
was roughly checked under this selected load and again under # 
initial load about twice as large. In each case the spindle de 
flection was measured when adding a large radial load and thet 
large thrust load imposed by wedging a beam against the spin¢ 
nose. With 4000 Ib. initial load the axial deflection was abo 
0.0008 in. and the radial deflection about 0.0009 in. Doubling‘ 
initial thrust load decreased these deflections to 0.0005 in. 
0.0006 in. This gives a clear conception of the extreme rigid!’ 
of these modern spindles. 

The simple two-bearing opposed mounting adapts itself rea? 
to large hollow spindles that are relatively short, for shaft dial 
eters of 6 in. to 12 in. A number of such machines }s 
been working successfully for several years peeling billets 
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MACHINE-SHOP PRACTICE 


steel mills, a rather severe service because of the heavy cuts and 
the tough, uneven skin cuts. 


II—SPRING-ADJUSTED SPINDLES 


Spring-adjusted ball-bearing spindle mountings have been used 
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is no need for any readjustment during the life of the bearings. 

The initial load in this machine was set at about 100 lb.; 
both bearings are of the RT 100 per cent type. The smaller 
contact angle means less radial clearance or looseness in the 
original bearing, and hence greater radial rigidity. 
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Fic. 6 Cuucx SprnpLe orn Work Heap or GRINDER SHOWN IN Fia. 5. Spring ApJusTED 


mostly for medium-speed and high-speed precision grinders. 
The bearing capacity is less at the higher speed and calls for more 
careful control of the initial load which can be obtained by 
Springs. Also these spindles require finer or more frequent 
adjustments. The springs can be arranged exactly to control 
the initial load and to avoid entirely the need for readjustment. 
Fig. 5 shows the type of spring-adjusted grinding spindle that 
has been in service in the Gurney ball-bearing plant for about 15 
years for grinding ball-bearing race surfaces. The spring ad- 
lustirent is fully automatic, That isits main advantage. There 


We stop here to point out a limitation of the spring-adjusted 


ball-bearing spindle. A rapidly reversing thrust will cause 


the springs to deflect in one direction, very slightly, of course, but 
enough to affect quality of finish and accuracy in fine work. 
A similar effect occurs under Jarge radial shock loads. The two 
angular-contact bearings tend to drop down into the bottom of the 
groove, and any slight yield of the spring permits this movement. 

The automatically spring-adjusted spindle has proved itself 
desirable for certain types of work, viz.: 

a For small high-speed grinders where the loads are rela- 
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Fie. 7 SuRFACE GRINDER 


(Spring-adjusted main-spindle angular-contact bearing at top loaded by 
spring to support weight of spindle and provide initial load.) 


Deflection, Incnes 
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Axial 


5,000 10,000 15,000 20.000 25,000 30,000 55,000 
Thrust Load, Pounds 


Fic. 9 Ax1tAL DeFLEcTION FOR LARGE BEARING AT LowER END OF 
SprnpLE SHOWN IN Figs. 7 AND 8 
(Note effect of large initial load in flattening deflection curve.) 
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tively light and the spring load can be made large compared with 
the loads; 

b For thrust loads of any size that are always in one direc- 
tion. These may be combined with radial loads that are not 
large compared with the thrust load; 

c For very steady loads (rare). 

Fig. 5 is an example of the first class where the speeds are high 
and the loads relatively light. However, this design is not 
quite rigid enough under heavy grinding cuts, where the spindle 
or work is rapidly oscillated. 

Fig. 6 shows another example where the loads are both radia! 
and thrust, but relatively light. This is the work spindle or 
chuck spindle of the same ball-bearing grinding machines. | Jere 
the initial loads were set higher, the speed being lower and the 
load from the work mostly radial. Note how the springs are 
distributed and guided to apply the load uniformly 

Figs. 7 and 8 show a well-known and highly successful appli- 
cation of a spring-adjusted spindle for heavy precision grinding 


Fie. 8 Verticat Grinper Usine SpinpDLE SHOWN IN 7 


where the loads are almost all thrust or axial. This is a vertical 
surface grinder. The springs under the top bearing are set ' 
carry all of the weight of the rotating parts and supply an add: 
tional large load for holding the bottom bearing tight. 

Fig. 9 gives the deflection curve for the bottom bearing. TI 
deflection of the top tearing does not matter because the springs 
follow up the upward spindle movement. Table 3 shows t! 
effect of additional load from the work. 


TABLE3 SPINDLE DEFLECTION UNDER LARGE THRUST! 
LOADS—SPRING-ADJUSTED SPINDLE 


Bearing load increases from 1500 to......... 2000 2500 3500 
Bearing GeBectiod, 0.00007 0.0003 0. 0008 


Note how this action differs from that of Tables 1 and 2. Ti 
load on the large bearing next to the work increases by the ful 
amount of the added work load, whereas in Tables 1 and 2 ps" 
of the work load is carried by reducing the load on the smaller 
bearing at the other end of the spindle. Note the liber 
bearing sizes to take care of this condition. 
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Figs. 10 and 11 show another very successful mounting for 
heavy loads that are mostly thrust but for an entirely different 
class of work. This machine is a special form of automatic used 
for turning nut blanks. The load from the work is practically all 
thrust, and is carried by the large angular-contact bearing up 
close to the work. The springs are carried inside of the nut next 
to the inner race of the small bearing. If this nut were pulled 
up tight the mounting would resemble a positively adjusted 
spindle. 

This machine offers an opportunity to compare production 
results because the product, nut blanks, is standardized in size 
and material. The regular production obtained on the machine 
shown in Figs. 10 and 11 is 100 two-inch nut blanks per hour as 
compared with 23 per hour, the best possible for any existing 
plain-bearing machine of this type. Tool life is at least 10 per 
cent greater. Of course, these results are partly due to the pe- 
culiar tool design and set-up, but the machine manufacturer 
attributes a large part of the increased production to the use of 
ball bearings on the spindle. 

Another unusual feature of this machine is the very narrow 
cut-off tool made possible by the endwise rigidity of the ball- 
bearing spindle. They are as thin as 0.062 in. in the smaller 
machines. This feature materially reduces the percentage 
of waste material for cut-off on the narrow, large-diameter nut 
blanks. Two cut-off tools are used on opposite sides to balance 
the tool pressures, and the cut-off tools do not go completely 
through the work. This arrangement combined with the relative 
steadiness of the ball-bearing spindle permits very thin cut-off 
tools. 

The spring-adjusted spindle requires very careful selection of 
the correct bearing type. The contact angle for both bearings 
must be chosen according to the type of load—whether the 
thrust is predominant or the radial. The spring Joad also re- 
quires attention. Note that the front bearing next to the work 
should have a light press fit on the shaft not less than 0.0003 in., 
and a very close fit in the housing, approximately a push fit. 
Any looseness at these two points would be objectionable on 
account of its possible effect on the work. 
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Fic. 11 Macutne Usina SHOWN IN Fia. 10 PRopucING 
100 Two-Incu Nut BLANKS PER Hour 


III—THREE-BEARING SPINDLES 

Three-bearing machine-tool spindles (some have more than 
three) are all arranged to carry thrust load in both directions at 
the work end. One bearing carries the work thrust and a second 
bearing, also at the work end, carries the thrust in the opposite 
direction and applies the adjusting or tightening thrust. 

Fig. 12 shows a non-adjustable three-bearing unit used mainly 
for small spindles and for mountings that do not require ex- 
tremely careful setting of the initial load. 

The two angular-contact or “‘radio’’-thrust-type bearings at the 
nose come in pairs. They are ground by the bearing manufac- 
turer so that the two outer rings can be clamped together and also 
the two inner rings, the result being a small initial load. The 


earliest form of these matched bearings is the Gurney Duplex, 
which has been widely used in other locations like worm drives to 
carry reversing shock-thrust loads. Note that these bearings 
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can be placed in the conventional position (Fig. 13) or back to 
back as in Fig. 12. The latter arrangement is more rigid but re- 
quires greater accuracy in aligning the spindle. 

To produce extreme rigidity these Duplex-type bearings should 
have the maximum possible initial load. This calls for close 
cooperation between bearing manufacturer and user. If possible, 
the load should be varied somewhat for each individual appli- 
cation. Lower speeds call for larger initialloads. Furthermore, 
the initial load will be increased by even a light press fit on the 
shaft because the inner ring expands. Similarly slight errors 
in alignment or squareness will disturb the initial tightness. 
‘The duplex bearings are therefore commonly set a small amount 


Fig. 12 SpinpLte or Larce Horizontat Disk GrinpeR Usina 
Opposep Pairep ANGULAR-ConTacT Non-ADJUSTABLE 


(The two bearings are back to back for rigidity.) 


below the maximum possible tightness to avoid difficulty from 
these sources. The duplex type of mounting finds its greatest 
usefulness on spindles not requiring extreme rigidity—for ex- 
ample, the grinder spindle of Fig. 12. 


Semi-ADJUSTABLE MOUNTINGS 


This type of three-bearing mounting is also manufactured in 
semi-adjustable form, i.e., so that it can be adjusted when making 
the spindle, if necessary. They are not adjusted afterward, 
except perhaps when overhauling the machine. Fig. 14 shows a 
small high-speed vertical milling machine. The two halves of 
the Duplex bearing are separated by two sleeves, one between 
the inner rings and one between the outer rings. Both sleeves 
and all four bearing rings are clamped tight. The sleeve be- 
tween the outer rings is split. To readjust, remove the nut 
holding the outer races and lower the spindle assembly about 
two inches until the split ring can be taken out. The split ring 
is then ground down in width from 0.001 in. to 0.002 in. and the 
unit reassembled. This arrangement is relatively simple and 
foolproof—yet quite rigid with all parts clamped. 

A very similar mounting has been used extensively on the work 
spindle for bore grinders and on gear lapping and testing machines. 
The spacer between the outer races is omitted. The initial 
adjustment is made by positioning the end cover, which is bolted 
instead of threaded. To readjust the bearings it is only necessary 
to take off the end cover and machine off about 0.001 in. Some- 
times laminated shims are provided. 

The manufacturers of these machines test every individual 
spindle for rigidity. In one case a 400-lb. weight overhung 14 
in. from the spindle nose must not produce radial deflections 
larger than 0.00025 in. at the spindle nose. In a second case a 
750-lb. thrust must not produce more than 0.001 in. deflection, and 
a 750-lb. radial load 12 in. from the spindle nose must not 
give more than 0.00075 in. deflection. 


ADJUSTABLE THREE-BEARING SPINDLES 


This same design of Fig. 14 can be made fully adjustable by 
omitting the spacer between the outer rings. The threaded end 
cover then becomes an adjusting nut. However, this arrange. 
ment is rarely used. 

Fig. 15 shows a common three-bearing adjustable mounting as 
installed on a multiple-spindle automatic. The bearings are 
placed so the one nearest the nose takes the work thrust. The 
spacer between the outer rings is clamped solid. There is no 
spacer between the inner rings, and adjustment is provided by 
moving the inner ring of the inside bearing by means of the nut. 
This inner ring must be free to move on the shaft, but the front 
bearing, which takes most of the load, is tight on the shaft. 

The initial load is easily controlled. For the machine shown 
in Fig. 16 it was set at 1200 to 1500 Ib. (3-in. spindle). The 
pitch of the thread was selected so that a man pulling as hard as 
possible on an ordinary 8-in. to 10-in. wrench would exert the cor- 
rect endwise force and produce the desired initial thrust. 

Fig. 16 shows how this design is applied to large spindles, in 
this case a single-spindle automatic (about 6 in. shaft size at 
main bearing). Both inner races of the front bearings are 
clamped by a nut. The large bearing is fairly tight in the hous- 
ing. The smaller bearing applies the tightening thrust through 
the sleeve around the outer race and the large nut. 

The most important single feature in all of these ball-bearing 
machine-tool spindle mountings is the large initial load that 
produces the rigidity. The accuracy of the ball bearing permits 
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Fie. 13. SpinpLe oF Mepium-Seeep Precision Grinper USING 
Dup.ex BEARINGS IN CONVENTIONAL PosITION 


these large loads. The loads are not disturbed and they ar 
equally distributed among all the balls. The slightest hig! 
spot coming into play later would increase the load dangerously 
Unequal load distribution would leave only part of the ball 
carrying the load and would increase deflections considerably. 
The plain-bearing spindle automatically maintains perfet 
concentricity between bearing and spindle nose if the spind 
does not warp. The anti-friction bearing has always had a sms 
but perceptible tolerance for eccentricity and for parallelis 
between the inside diameter and the race track of the inner rine 
This produces a corresponding eccentricity at the nose of 1! 
spindle. In the past the small eccentricities were remov' 
on the finer precision tools by taking a light finishing cut on ¢! 
spindle nose after it was mounted in its own bearings. ‘To me 
this condition more efficiently, it has become necessary to devel”! 
a new grinding method for ball-bearing inner races that 20! 
yields almost absolutely true running surfaces for the bore # 
race track of the inner ring. The first lot of bearings made t 
this new method (3-in. bore) showed about 15 per cent of 
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Fic. 14 Sprnpte or Hicu-Speep Vertical MILiine 
MACHINE 


Duplex bearings adjustable by removing and grinding split collar between 
outer races.‘ 
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MACHINE-SHOP PRACTICE 


Fic. 16 Futty ADJUSTABLE MOUNTING ON LARGE 
AUTOMATIC SPINDLE 


to take out radial play. These bearings can even be made so 
the balls are squeezed from 0.0001 in. to 0.0004 in. in assembling 
the bearing. The one bearing is more than ample for the great 
majority of designs because the bearing is so far from the 
work. 

In a few rare cases where the overhang is large or where the 
spindle carries heavy load near both ends, it becomes necessary 
to mount two opposed bearings at both ends of the spindle. One 
end must float axially so the pair of bearings are either held 
in a floating sleeve or a pair of Duplex bearings are mounted 
back to back. This makes a total of four bearings per 
spindle. 

A few spindles have been built using more than four bearings 
for greater capacity and also for greater rigidity obtained by the 
use of a larger number of balls or points of support. However, 
this arrangement introduces difficult problems of alignment, 
eccentricities, and load distribution. It is better to obtain 


Fie. 15 ApjsusTasLe THReEE-BEARING MouNTING ON MULTIPLE-SPINDLE AUTOMATIC 
(1200 to 1500 Ib. initial load.) 


bearings with 0.00002 in. maximum eccentricity, and 85 
Per cent showed no readable movement on a ten-thousandth 
indicator, 

In all of these three-bearing mountings, the far end of the 
spindle is supported by a bearing that must float endwise in the 
housing to take care of shaft and housing expansions. The 
Simplest arrangement is a single bearing closely fitted internally, 


the capacity by using fewer bearings, each having a larger capac- 
ity. These multi-bearing spindles usually fall within the class of 
semi-adjustable or non-adjustable three-bearing spindles. 


CONCLUSIONS 


Properly mounted ball-bearing machine-tool spindles have 
proved unusually rigid. Their main advantages result from this 
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increased rigidity and from their ability to maintain their adjust- 
ment and accuracy. 

Rigidity has been obtained by the use of angular-contact or 
radio-thrust type bearings assembled with relatively large and 
carefully controlled initial loads to keep them tight. 

Three general types of mounting design have been developed as 
outlined above. It is important to select the right type of 
mounting and the correct bearing size and type to suit the load 
and service requirements. Sufficient experience is now available 
to permit intelligent selection. 


Discussion 


F. E. Carpvutyo.?. It should prove valuable to have a word 
from the author as to the relation of the forces in actual practice 
to the ratings of the bearing. What factors of safety over the 
rated loads as given in the tables of the manufacturers are 
employed? 

Tue AvutHor. That is a difficult question and one that re- 
quires clarifying in general. Most of the output of the ball- 
bearing industry is used in the automobile and for that reason, 
its ratings are based upon automobile service as follows. A 
50,000 to 100,000-mile machine with an average speed of 30 miles 
an hour means 2000 to 4000 hours life and most of the time under 
less than half the load. The ratings are therefore approximately 
equal to 1000 hours continuous operation under full load. When 
the load is cut in half the life increases approximately ten times. 

On machine tools, the load varies over a very wide range but 
we must consider the initial load first. Take, for example, the 
common size No. A-224. This bearing has a thrust capacity at 
300 r.p.m. of about 19,000 lb. We use an initial load of 4000 
to 5000 lb. To this we must add about 1000 to 2000 Ib. for the 
average load. This will give a safety factor of 3'/: to 4 with an 
estimated life of 50,000 to 100,000 hours of actual operation. 

The maximum load is determined by the actual rating and can 
therefore reach well over 18,000 Ib. 

F. E. Carputio. In Fig. 13 where a grinder spindle with 
opposed bearings is shown, these two bearings fitted into the 
bores and set up with initial tension presumably show no deflec- 
tion except the elastic deflection of the material. However, 
on the tail end of the spindle at the pulley, a bearing with no 
initial tension is shown. How is the radial play at this point 
removed? 

Tue Avtuor. It is quite important to remove the radial 
play at the tail end of the spindle. In this case, it is done by 
providing an initial load within the bearing itself. The balls are 
made slightly oversize and forced into the bearing. The amount 
of oversize will vary from 0.0001 to 0.0004 in different cases. 
This provides the same type of initial load as is obtained at the 
front pair of bearings. 

It may also be done by using a set of duplex bearings back to 
back when the two inner races are clamped together and initial 
thrust load is set up within the pair of bearings and then the 
outer races can float endwise to take care of axial play. 

F. E. Carputuo. Fig. 16 shows two oppositely disposed bear- 
ings of different sizes, which, it is presumed, are to take care of 
thrust load. Does not the larger bearing have the lesser strain? 

Tue Avutuor. The larger bearing does have the lesser strain 
but the larger bearing takes almost all of the load from the work, 
whereas the small bearing is relieved when thrust is applied from 
the work. Therefore, it is correct to apply an initial load on the 
small bearing which is a larger proportion of its total capacity. 
The small bearing serves only to apply the large initial load. 
It takes a relatively small proportion of the radial load. 


2 Chief Engineer, G. A. Gray Co., Cincinnati, Ohio. Mem. 
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F. E. Carputio. In Fig. 14 two bearings of the same size are 
shown drawn together, the lower one taking the thrust of the 
drill. Are these two bearings fitted differently so the lower one 
will take a greater proportion of the raidal load in order to equal- 
ize the service on the two bearings? 

Tue Avutuor. The thrust is all taken on the upper bearing 
of this pair. Pure radial load is divided. A combined load is 
taken entirely on the upper bearing. The two bearings sare 
exactly identical and no attempt is made to provide a better 
distribution of the work. The additional economy which would 
be provided by such a method is not worthwhile. 

F. E. Carputto. Would there by any object in giving the 
lower bearing a 200 per cent “radio’’-thrust matching and the 
upper one a 100 per cent “‘radio’’-thrust matching? 

Tue Avutuor. This does not prove worthwhile except in 
the largest spindles like that shown in Fig. 16. 

F. E. Carputio. In Fig. 15, why are the two bearings on 
the right-hand side so widely separated? 

Tue Autuor. This is a relatively long and hollow spindle of 
comparatively thin section. The two bearings on the right-hand 
end are spread apart to give rigidity to the spindle. 


Watvrer H. Trask, Jr.2 It would be of value to know if the 
spindle is treated as a beam fixed at both ends or freely supported 
and also how much larger must the spindle using ball bearings be 
than one employing plain bearings? 

Tue Avutruor. The usual ball-bearing support is more nearly 
analogous to a beam freely supported on the ends. The single- 
row ball bearing is almost always equivalent to this. However, 
the double bearing construction used at one end and sometimes 
both ends on a machine-tool spindle is much more nearly equiva- 
lent to a fixed support. 

It is true that a ball bearing requires a heavier spindle than 
a plain bearing, perhaps 10 to 20 per cent larger. However, 
in most cases, no increase is required because the plain-lear- 
ing spindles are made much heavier than necessary. In 
other words, the minimum size of spindle that can be used with 
ball bearings should be somewhat larger than the minimum size 
spindle that can be used with plain bearings. 

Note also, that the ball-bearing spindle can be much. shorter 
than the plain-bearing spindle and therefore becomes more rigid 
in proportion. 


Horace B. Scueuu.* Is the bearing shown on the right- 
hand end of Fig. 16 of the magneto type or open type with the 
outer race apparently free to float lengthwise in the housing? 

Tue Avurnor. This is not a magento-type bearing. The 
figure is slightly deceiving. This is the Gurney radial-type bear- 
ing where the outer race has a deep groove on one side and 4 
relatively shallow but very definite shoulder on the opposite 
side. This makes it able to take some thrust in both directions 
and the outer race is definitely located on the bearing. 


Witson P. Hunt.’ A particularly difficult problem for the 
‘writer’s company is to place bearings on extremely close center 
with vertical adjustment. In Fig. 16 it is assumed that the head 
bearing takes ‘all the thrust both ways, and the tail bearing 
floats to compensate for shaft expansion. Comment on the ad 
justable bearing should prove valuable. 

Tue Auruor. If the bearings are required to be close together 
axially, that is, on a relatively short spindle, it is advisable to us 


3 Mechanical Engineer, Salt Lake Hardware Co., Salt Lake City, 
Utah. Mem. A.S.M.E. 

4M. D. Knowlton Co., Rochester, N. Y. 

5 President and Manager, Moline Tool Company, Moline, Ill 
Mem. A.S.M.E. 
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a design like Fig. 1. For example, we mention a billet-peeling 
machine where bearings are used on a large-diameter spindle of 
very short length. There are two bearings, one at each end, 
adjusted against each other as in Fig. 1. There is a rotary tool 
inside the spindle taking heavy and very rough cut off the out- 
side of billets. 

If it is a question of small diameters, we refer to Fig. 15, a 
multiple-spindle automatic where diameters must be kept down. 
A three-bearing mounting is then desirable. 

The most successful method for obtaining adjustment is to 
mount the whole spindle housing on a form of way and adjust 
We refer to Fig. 7 which does the same thing to 
In both of these 
cases the adjustment is made within thousandths. 


on the ways. 


very close tolerances and likewise to Fig. 6. 
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F. M. Braver.' Do I understand that as many balls as 
possible are crowded in without a separator? 

Tue Avutuor. It is 15 to 20 years since bearing manufac- 
turers have realized the absolute necessity of a separator. Bear- 
ings without separators are only being used in one or two very 
special cases. The angular-contact bearing as used in machine 
tools has particular need for a separator and provides one of the 
severest separator services. Under combined load, the contact 
angle of the ball on the races is not constant. It is smaller at 
the point where the maximum radial load is carried. This means 
that the ball rides on the inner race on a skewed path, causing a 
definite variation in ball speed. The separator must take care 
of this variation in ball speed. 


4 Ordnance Engineer, Watertown Arsenal, Watertown, Mass. 
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A Study of Tin-Base Bearing Metals 


By O. W. ELLIS! ann G. B. KARELITZ,? EAST PITTSBURGH, PA. 


This study represents the first part of an investigation of babbitts. 
It comprises the results of metallographic and mechanical tests on a 
series of tin-antimony-copper alloys containing up to 10 per cent of 
antimony and 8 per cent of copper. Relationships between the 
composition, microstructure, hardness, and compressive strength of 
these alloys are given, and the influences of elevated temperatures and 
of lead upon these properties are recorded. 


HIS paper concerns itself with an investigation of alloys 

of tin, antimony, and copper, some of which are used in 
engineering as bearing metals. This investigation was 
undertaken with the object of arriving at a logical method of 
determining which alloys of this system might best serve as 
bearing metals under any given condition. The present paper 
covers such work as has so far been accomplished, and shows the 
relationships which exist between the mechanical properties and 
the constitution of the alloys of this system of high tin content. 
The tin-antimony-copper system has been the subject of con- 
siderable investigation, but, apart from a very complete study 
of the microstructure of the alloys of high tin content by Camp- 
bell (Proce. Am. Soc. Test. Mat., 1913, 13, 630) and a somewhat 
superficial survey of a more extended field of the ternary equilib- 
rium figure by Bonsack (Zeit. fiir Metallkunde, 1927, 19, 109), 
the results of no systematic inquiry into that portion of the sys- 


Fie. 1 DIAGRAM 


tem which includes the bearing metals in more common use have 
been published. 

To Smith and Humphries (Jl. Inst. Met., 1911, 5, 194), Thomp- 
son and Orme (ibid., 1919, 22, 203), Fry and Rosenhain (ibid., 
1919, 22, 219), Mahin and Broeker (Proc. Indiana Acad. Sci., 
1919, p. 9) and Hudson and Darley (Jl. Inst. Met., 1920, 24, 361) 
we are indebted for reports on the constitution, structure, and 
properties of individual alloys of this system, and it may be 
noted that the authors’ conclusions agree in the main with such 
as are referred to in these and other papers of lesser importance. 


' Research Department, Westinghouse Elec. & Mfg. Co. 
‘ . a Department, Westinghouse Elec. & Mfg. Co. Mem. 

S.M.E. 

Part I of a study presented at the Spring Meeting, Pittsburgh, Pa., 
May 14 to 17, 1928, of Tue American Socrety oF MECHANICAL 
ENGINEERS. 
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Tue Tin-ANTIMONY-CoOPpPER SYSTEM 


Campbell, in the paper referred to, presented a tentative diagram 
for the tin end of the system, the main features of which are 
reproduced in Fig. 1. 


CuSn 
P + 
o- Solid, Solution 


Eutectic 


6-Solid Solution + Eutectic Solvbionfy 
Per Cent Antimony 12 


Fic. 2 SrrucrurAL CHARACTERISTICS OF TiNn-Ricn ALLOYS OF THE 
Tin-ANTIMONY-COPPER SYSTEM 


He divided the alloys into four main groups: 


1 Those whose composition fell within the area to the left 
of the line gc, from which Cu,Sn first separated on 
freezing 

2 Those whose composition fell within the area pobcq, from 
which needles of CuSn first separated on freezing 

3 Those whose composition fell within the area pode, from 
which cubes of SnSb first separated on freezing 

4 Those whose composition fell within the area bodA, whose 
structure consisted of dendrites or grains of aSn set in 
the pseudo-eutectic which froze along ob. 


The authors’ plot of 
this corner of the ternary 
equilibrium diagram is 
shown in Fig. 2, which will 
be seen to differ but 
slightly from that due to 
Campbell. It should be 
noted that the authors 
have investigated a nar- 
rower field. 


GENERAL PROCEDURE 
PLOYED IN INVESTIGATION 


In arriving at the con- 
clusions embodied in Fig. 
2, the authors have been 
guided by certain of the 
physical structural 
characteristics of a series 
of alloys covering the en- 
tire field of the diagram 
(Fig. 2). 

Two series of 25 al- 
loys each were cast under 
the conditions referred to 
later. These alloys were of 
the compositions quoted in Table 1.4 They were cast in a mold 


Fie. 3 Moup Usep 1n CastTInG 
ALLOYS 


3 Analyses made by R. H. Wynne, Chemical Section Research 
Dept., Westinghouse Electric & Mfg. Co. 
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which was approximately 1.2 in. in internal diameter at the 
bottom and about 1.3 in. in internal diameter at the top. The 
length of mold over this tapered portion was about 7.5 in. 


TABLE 1 PERCENTAGE COMPOSITION OF ALLOYS INVESTI- 
>D 


at 


Al- Chemical Analysis Chemical Analysis 
loy Nominal Composition (1st series) (2nd series) 

No. Sn Sb Cu Sb Cu Sb Cu 
1 97.5 2 0.5 2.08 0.48 2.45 0.55 
2 97 2 1 2.10 1.02 2.14 1.07 
3 96 2 2 2.18 2.02 2.17 2.16 
4 94 2 4 2.26 3.83 2.12 4.28 
5 90 2 8 2.26 7.81 2.24 6.79 
6 95.5 4 0.5 4.29 0.47 4.88 0.54 
7 95 4 1 4.26 1.05 4.25 1.07 
8 94 4 2 4.02 2.02 4.11 2.11 
9 92 4 4 4.02 4.00 4.17 4.26 
10 88 4 8 4.14 7.50 4.28 7.70 
11 93.5 6 0.5 5.91 0.49 6.2 0.55 
12 93 6 1 5.91 1.01 6.19 1.08 
13 92 6 2 6.54 2.18 6.15 2.14 
14 90 6 4 6.15 3.90 6.05 4.32 
15 86 6 8 6.12 8.42 6.36 7.38 
16 91.5 8 0.5 8.52 0.53 8.42 0.59 
17 91 8 1 7.91 1.04 8.04 1.08 
18 90 8 2 8.04 2.09 8.24 2.15 
19 88 8 4 8.22 3.91 8.07 4.32 
20 S4 8 8 8.31 7.79 8.38 7.66 
21 89.5 10 0.5 10.17 0.53 11.01 0.67 
22 89 10 1 10.05 1. 10.23 1.09 
23 88 10 2 10.11 2.08 10.18 2.15 
24 86 10 + 9.86 4.03 10.16 3.72 
25 2 10 8 9.71 7.72 10.18 7.03 


The top of the mold was flared with the object of concentrating 
any pipe that might form in the top of the casting. A photo- 
graph of the mold, which could be separated into two similar 
halves, is reproduced in Fig. 3. The two halves could be held to- 
gether by means of a ring, which fitted the outside of the mold 
snugly. 


——_ 
(a) 4414 Cc E 


Fie. 4 Cuttine D1aGrRams For TEstT Bars 


fe} A—For microstudy; B—'/2 in. thick for Brinell test; C and G— 
1'/2in. long X 0.564 in. diam. for compression tests; D and F—1 in. diam. X 
0.250 in. thick; E—?*/,in. thick for hardness tests. 

(6) B,C, D, and E—1in. diam. X 0.250 in. thick; F—for microstudy. 


The mold was heated to 100 deg. cent. prior to casting. The 
pouring temperature used was 400 deg. cent. 

The castings of the first series were poured into the mold direct 
from a graphite crucible. From these castings samples were 
turned for hardness and compression tests, and specimens were 
taken for chemical, microscopic, thermal, and electrical investi- 
gation. The approximate positions in the castings from which 
the various samples were removed are shown in Fig. 4(a). 

The castings of the second series were run from a bottom-pour- 
ing crucible of steel which was heated electrically and from which 
the alloys were allowed to flow when at a temperature of 400 deg. 
cent. The procedure adopted in all cases was to heat the alloy 
to 425 deg. cent., then to stir the melt thoroughly, and finally to 
allow it to cool to 400 deg. cent. before tapping; the heating 
circuit was broken when the pyrometer registered a temperature 
of 425 deg. cent. The tapping hole in the crucible was '/, in. in 
-diameter. 

From the castings of the second group samples for analysis, 
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micro-examination, and hardness testing were taken from the 
points indicated in Fig. 4(b). 

No trouble was experienced in pouring any of the alloys except 
those of high copper content. In the case of certain of these 
alloys, Nos. 5, 10, and 15 in particular, a portion of the melt 
always remained in the bottom-pouring crucible. Analysis of 
the material entrapped showed it to be higher in copper content 


AO 2 4 6 BS i0 2G 
Per Cent, Antimony 


Fic. 5 Contours or Liquripus SurFAcE or Space Mope. For 
CorNER OF Sy8STEM 


than that which left the crucible to form the castings. A com- 
parison of the microstructure of the two portions of the melt con- 
firmed this. That portion which remained in the crucible, of 
which Fig. 16 typifies the structure, was characterized by many 
large crystals of CuSn and a paucity of the tin-rich matrix; the 
portion which flowed from the crucible into the mold (Fig. 17) 
contained but few of the coarse crystals of CuSn, and exhibited an 
almost normal proportion of solid solution. 

This effect was more pronounced in the case of alloy No. 10, of 
which Figs. 16 and 17 are photomicrographs, than in that of the 
others. An experiment was made in which this alloy was heated 
to 425 deg. cent. and then tapped from the crucible, but even in 
this case a part of the apparently liquid mass was retained in the 
crucible. The amount entrapped was, however, less than that 
which was held in the crucible at 400 deg. cent. 

The reason for this phenomenon was readily explained when 
the thermal and resistivity curves for these alloys were completed. 
It then became clear that these alloys, Nos. 5, 10, and 15, were, 
at 400 deg. cent., below the point at which separation of CuSn 
from the melt begins on slow cooling, as will be appreciated on 
reference to Fig. 5, wherein are shown the contours of the liquidus 
surface—or the surface of temperatures at which CuSn first erys- 
tallizes out of the melt—of the space model for the tin corner of 
this system. The material in the crucible at 400 deg. cent. in the 
case of these alloys consisted, therefore, of two phases—(1) liquid, 
which passed through the '/,-in. tap hole with but little, if any, 
difficulty, and (2) solid-crystals of CuSn, which settled and col- 
lected on the bottom of the crucible as tapping proceeded and of 
which only such as were in the immediate vicinity of the tap 
hole during pouring passed through into the mold. These 
crystals retained a certain amount of liquid, but the amount so 
prevented from issuing from the mold was relatively small. 

In the case of the alloys melted in the graphite crucible and 
poured at 400 deg. cent. direct into the mold, no large crystals 
of CuSn were found in the microstructure. The absence of such 
large crystals is probably due to the fact that opportunity for 
growth was not given to the CuSn which coexisted with the tin- 
rich phase at the pouring temperature. When the time occupied 
by the alloy at temperatures just below the liquidus is prolonged, 
as was the case with the second series of alloys, excessive growth 
of CuSn may occur; what the effects upon the mechanical 
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properties_of the material are, however, isunknown. A phenome- 
non similar to this, in which SnSb played the major role, has been 
described by Gallagher (Jl. Phys. Chem., 1906, 10, 93) and by 
Mahin and Broeker (loc. cit.). The fact that such crystal 
growth can occur at temperatures below the liquidus, the melt 
being apparently free from the solid phase, is one that should not 
be overlooked in practice. 


CooLina CurvEs 


Cooling curves were taken of all the alloys of the first series. 
The changes in electrical resistivity which occurred on slow cooling 
were also observed. Absolute measurements were not attempted, 
attention being directed solely to the temperatures at which 
alterations in resistivity occurred. 

It was found that the temperature at which the precipitation of 

CuSn first occurred on cooling (the liquidus) was subject to con- 
siderable variation. It was difficult to prevent supercooi. 
It was possible, however, to get consistent results, and a close 
check was obtained between the thermal and electrical values 
for the liquidi, save in the case of the alloys of maximum copper 
content, where some dicrepancies arose. Curves typical of those 
obtained are shown in Fig. 6. 

The liquidus values were used in the preparation of Fig. 5, to 
which attention has already been directed. In this figure the 
dotted contour lines refer to such portions of the surface of the 
space model of the system as may require revision on further in- 
vestigation. 

It has been of interest in this connection to compare the 
authors’ results with those of other workers in this field. _Thomp- 
son (loc. cit.), for example, has quoted 366 deg. cent. as the 
liquidus of an alloy containing 8.76 per cent of antimony and 
1.51 per cent of copper. For an alloy of almost identical analysis 
Fry and Rosenhain (loc. cit.) have given the temperature 306 
deg. cent. for the liquidus. The authors estimate the liquidus 
of this alloy to be 345 deg. cent., and it appears from this that 
Thompson’s criticism (q.v.) of Fry and Rosenhain’s result was 
justified. 

Other values which may be compared are as follows: 


Antimony Copper According to According to 
per cent per cent authority authors 
4.70 1.00 235 (a) 243 
8.36 3.35 320 (b) 318 
8.7 2.3 252 (b) 265 


(a) Thompson (loc. cit.); (6) Hudson & Darley (loc. cit.) 


It is felt that the agreement here obtained is very satisfactory, 
in view of the difficulties which arise due to supercooling. 

The authors have found that the solidus—the temperature at 
which the alloys become completely solid—for all the alloys of 
this section of the tin-antimony-copper system is 225 deg. cent. 
the eutectic temperature of the copper-tin system—and that in 
such alloys as contain SnSb as a separate microconstituent, 
SnSb begins to crystallize on cooling at an average temperature 
of 248 deg. cent. 


MICROSTRUCTURE 


The microstructure of these alloys as cast is shown in Figs. 
7 to 33. 

The alloys may be arranged in four groups, according to their 
microstructure: 

Group 1. Those alloys which, as cast, are characterized by a 
hypoeutectic structure comprising the copper-bearing 6-solid 
solution of the tin-antimony system and the eutectic of the 
copper-tin system. Figs. 7 (alloy 1), 12 (alloy 6), and 18 (alloy 
11) are typical structures of cast alloys ofjthis group. Prolonged 
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annealing of these alloys at 150 deg. cent. effaces this structure 
and leaves the alloy as a homogeneous 6-solid solution supporting 
crystallites of CuSn (Fig. 34—alloy 11). 

Group 2. Those alloys which, as cast, comprise the two micro- 
constituents primary CuSn, 6-solid solution and copper-tin eutec- 
tic (Figs. 8, 9, 10, 11, 13, 14, 15, 16, 19, 20, 21, and 22). The 
proportion of the copper-tin eutectic in these alloys, as in those 
of group 1, becomes less as the content of antimony increases—cf. 
Figs. 8,13, and 19. In these the dark areas represent the eutectic, 
the light areas the solid solution, and the white needles the 
primary intermetallic compound, CuSn. 

Group 3. Those alloys which, as cast, comprise the two micro- 
constituents primary SnSb and 6-solid solution (Figs. 23 and 29). 
These alloys show no eutectic in their structure, although they do 
not become completely solid until the eutectic temperature of 
the copper-tin system has been reached. 

Group 4. Those alloys which, as cast, comprise the four micro- 
constituents primary CuSn, secondary SnSb, é-solid solution, and, 
in some cases, eutectic (Figs. 24, 25, 27, 28, 30, 31, 32, and 33). 

These four groups lie within the areas outlined in Fig. 5. 
Group 1 occupies the area ABDC, group 2 the area CDFE, group 
3 the area BGHD and group 4 the area DHJF. It will be noted 
that these four groups differ from those referred to by Campbell, 
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who, however, classified his alloys in accordance with the con- 
stituent that first separated from the melt on freezing. 

Rapid cooling has the effect of suppressing the crystallization 
of SnSb at 248 deg. cent. in antimony-rich alloys in the neigh- 
borhood of the boundaries BD and DF. It is therefore possible 
to obtain a structure free from cubes of SnSb even in such an 
alloy as No. 18, if the same be cooled from the liquid state at a 
sufficient rate. This effect in alloy No. 18 is brought out in Figs. 
25 and 26, the former representing the average structure toward 
the center of the ingot, the latter the average structure near the 
edge. It is possible that this effect might be of some importance 
in its bearing upon the anti-frictional behavior of the alloys lying 
near the boundaries BD and DF, and it may be well to emphasize 
the fact that the further removed an alloy is from these bound- 
aries the less likely is the normal crystallization of SnSb to be 
prevented. 

The rate of cooling these alloys is, of course, important in its 
effect on the size of the cubes of SnSb, as has been shown-by many 
observers. The possibility of suppressing the precipitation of 
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these cubes does not, however, appear to have been referred to 
in the literature. 

Another phenomenon deserving of note is the size of the SnSb 
cubes in the high-copper alloys as compared with that of the 
cubes in the low-copper alloys. This is well exemplified in the 
photomicrographs. If, for example, Figs. 23, 24, and 25 be 
compared with Figs. 26 and 27, the greater size of the cubes in 
the high-copper alloys will be appreciated. A comparison for the 
same purpose may be made between Figs. 29 and 30 and Figs. 
31, 32, and 33. In the authors’ opinion the difference in crystal 
size may be accounted for by assuming that the presence of 
primary CuSn facilitates the precipitation of SnSb and, as a 
result, a few large cubes are formed where, in the absence of the 
inoculating medium CuSn, a greater number of small cubes would 
be precipitated. The presence of needles of CuSn within the 
cubes of SnSb is a common occurrence in the alloys of high 
copper content, an occurrence which has been noted by former 
workers in this field. 


HARDNESS 


Fig. 4(a) shows the location of the test pieces cut for investi- 
gation of the physical properties of the alloys from the first 
group of the series. The samples for hardness test were #/, in. 
thick; their diameters were the full diameters of the ingots, that 
is, 1.25 in., approximately. The hardness was determined on a 
Brinell machine, a 10-mm. steel ball with a 500-kg. load being 
used, except when the metal was very soft, in which case a load 
of 350 kg. was applied to the ball. The load was invariably kept 
on for a period of 30 sec. for all tests. 

Table 2 gives the Brinell hardness of the alloys at room tem- 
perature. 


TABLE 2. BRINELL HARDNESS OF ALLOYS INVESTIGATED AT 
ROOM TEMPERATURE! 


— ———Copper, per 
Antimony, 1/2 1 2 4 8 
per cent 
Alloy No...... 1 2 3 4 5 
2 Hardness a..... 9.5 11.3 12.3 13.0 15.3 
b. 9.4 11.5 11.6 13.6 17.8 
Alloy No...... 6 7 8 9 10 
4 Hardness t..... 12.1 14.7 15.0 16.7 20.8 
b. 12.5 13.6 14.9 16.3 21.3 
Alloy No...... 11 12 13 14 15 
6 Hardness a..... 14.6 17.0 19:2 19.5 26.6 
b. 15.6 17.2 19.3 21.4 26.5 
Alloy No...... 16 17 18 19 20 
8 Hardness @a..... 18.6 19.9 21.7 21.9 26.1 
a 19.9 20.8 23.3 27.1 
10 Alloy No...... 21 22 23 24 25 
Hardness a..... 18.7 20.8 20.8 2.6 30.4 
b... 20.1 20.9 20.8 23.8 30.5 


The room temperature during these tests was 21.5 deg. cent. for set a, 
nd 26 deg. cent. for set 0. 

Values marked a were obtained on the E test pieces [Fig. 4(a)]; 
those marked b were check tests determined on the B pieces 
|lig. 4(a)]. The observations on the E and B pieces agreed 
within the limits of experimental error. 

A three-dimensional figure of the hardness at room tempera- 
ture as a function of the copper and antimony content is given 
in Fig. 34, while in Fig. 35 these data are presented in a diagram 
of lines of equal hardness (isoscleric diagram). Both diagrams 
are based on the measurements of hardness of the first group. 
The regions of the four different types of microstructure are 
shown by dotted or heavy lines. 

It will be noted from the general character of the curves that 
addition of antimony beyond the line of separation of tin-anti- 
mony crystals (approximately 7.5 per cent antimony) increases 
the hardness but slightly, at least in the field covered by the 
authors’ investigation. The hardness of the Straits tin which 
was used as the basis of the authors’ alloys was found to be 5.0. 
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The data obtained by the authors may be compared (Table 3) 
with those given in other papers. J. R. Freeman, Jr., and R. W. 
Woodward in Technologic Paper No. 188 of the Bureau of Stand- 
ards, and J. R. Freeman, Jr., in the Proceedings of the American 
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Society for Testing Materials, vol. 22, 1922, p. 207, give Brinell 
hardness numbers for alloys which lie within the range of the 
authors’ experiments. 

TABLE 3 BRINELL HARDNESS NUMBERS OF ALLOYS GIVEN 


IN OTHER PAPERS 
Authors’ data 


Copper, Antimony, Hardness by 
No. of alloy per cent per cent as given interpolation 
A.S.T.M. No. 1 4.56 4.52 17.2 18.5 
A.S.T.M. No. 2 3.51 7.57 24.3 22.8 
S.A.E. No. 11 ». 65 6.90 22.3 22.5 


This appears to be a satisfactory agreement. 
HARDNESS AT ELEVATED TEMPERATURES 


In order to determine the softening action of elevated tempera- 
tures on the alloys, a small electric furnace was built (Fig. 36) 
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of a size small enough for it to rest on the anvil of the Brinell 
testing machine. The samples were placed in a glycerine bath, 
the temperature of which could be regulated by changing the 
current in the heating element. The bath was equipped with a 
stirrer and thermometer. 
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The Brinell numbers for temperatures ranging from 1 deg. cent. 
(melting ice and water in the bath of the furnace) to 125 deg. 
cent. were determined and are given in Table 4. The numbers 
printed in italics were obtained with a load of 350 kg. on the 10- 
mm. ball, the material being too soft for the use of a 500-kg. 
load. Figs. 37-41 and 42-46 show the hardness plotted against 
TABLE4 BRINELL NUMBERS OF ALLOYS FOR TEMPERATURES 
RANGING FROM 1 DEG. CENT. TO 125 DEG. CENT. 
(Values in italics obtained with a load of 350 kg. on the 10-mm. ball) 


Copper, Deg. -————- Antimony, per cent— — 

per cent cent. 2 4 6 8 10 

1 10.9 6 18.6 21.7 21.8 

} 21.5 9.5 12.1 14.6 18.6 18.7 

0.8! 50 a 9.3 11.2 14.4 15.2 

75 5.9 8.3 10.6 11.9 

| 100 5.0 5.9 8.3 7.4 8.1 

{ 125 3.5 4.9 6.5 ae 7.5 

{ 1 13.7 17.1 19.0 23.9 23.6 

21.5 17.0 19.9 20.8 

11 50 7.1 11.7 13.3 16.6 16.7 

| 75 7.3 9.0 10.0 10.9 11.5 

100 7.8 9.9 10.2 

{ 125 46 6.5 6.8 7.9 8.6 

{ 1 13.3 17.7 22.2 24.8 24.7 

21.5 12.3 15.0 19.2 21.7 20.8 

“ 50 8.5 10.7 14.5 16.2 15.8 

= 75 7.3 8.1 11.1 13.2 13.8 

100 $7 5.9 8.6 10.2 9.0 

125 4.6 5.9 7.6 e:7 8.4 

1 14.9 18.8 23.7 25.9 26.6 

21.5 13.0 16.7 19.5 21.9 22.6 

‘ 50 9.5 12.6 14.9 7.3 18.8 

75 8.6 9.9 11.7 14.5 14.6 

100 6.5 81 7.6 9.8 11.1 

125 4.9 6.4 $.3 9.1 10.1 

1 20.0 30.3 32.4 30.9 32.6 

21.5 15.3 20.8 26.6 26.1 30.4 

gi 50 12.9 17.0 19.1 21.4 23.4 

| 75 11.5 12.3 14.6 15.8 17.4 

100 8.7 8.7 13.7 13.0 13.5 

{ 125 6.3 9.4 10.9 10.8 11.9 
_ 
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temperature for groups of alloys containing equal amounts of 
antimony and of copper, respectively. A space model of the 
hardness of the 25 alloys at various temperatures was prepared and 
is show in Fig. 47. The surface corresponding to 21.5 deg. cent. 
is the same as that shown in Fig. 34. 

Since babbitt linings are often working at temperatures be- 
tween 70 and 90 deg. cent. the considerable difference between 
the Brinell number at the working temperature and that at room 
temperature is very important. It seems advisable to specify 
hardness of the bearing metal both at room and at elevated tem- 
peratures. 


ComPRESSION TESTS 


Two compression test pieces were cut from each ingot of the 
first group of alloys. These are denoted as C and G; by compar- 
ing the compression test data for these two samples, taken from 
the upper and lower portions ef the castings, respectively, it was 
possible to judge the uniformity of the material of the castings. 
The shape of the test pieces was based by the authors on the 
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investigation of J. R. Freeman, Jr., and P. F. Brandt reported 
in a paper entitled “The Influence of the Ratio of Length to 
Diameter in the Compression Testing of Babbitt Metals,’’ in 
Proce. A.S.T.M., vol. 23 (1923), part II, p. 150. This paper 
showed that the stress-deformation curves for these metals are the 
same when the ratio of the length to the diameter of the test piece 
lies between 3 to 1 and 1 to 1, and that the gage length may be 
either a part or the whole length of the test sample. In an- 
other paper by Mr. Freeman (Proc. A.S.T.M., vol. 22 (1922), 
part I, p. 207) it was demonstrated that the results of tests 
do not vary, for babbitt metals, when test pieces of 1-in. or 
1/,-in. diameter are used. The authors therefore adopted com- 
pression test pieces 1'/, in. long by 0.564 in. diameter, which 
gives a ().25-sq. in. cross-sectional area. 

The compression tests were made in an Amsler testing ma- 
chine of 20,000 Ib. maximum capacity. The test piece was com- 
pressed between two hardened polished steel plates. An initial 
load of 50 lb. was applied to take up slack motion in the set-up, 
and the load was increased gradually at a rate of 100 lb. per min. 
for all the alloys. The tests were continued till a compression 
of 0.375 in. or 0.250 in. per inch length of the test piece was 
attained; the corresponding load was considered as the ‘‘ultimate 
load.”” An autographic record of the stress-deformation curve 
was taken on the machine, and accurate readings of the deforma- 
tion were taken by means of dial gages showing the motion of 
the plunger of the Amsler machine. Readings were taken at 
every 50 lb. till 600 Ib. load was reached, and subsequently at 
every 100 lb. 

Fig. 48 shows the stresses plotted against deflections for the 
initial part of the compression of the samples cut from the ingot 
of alloy No. 9. The upward bend at the lower end of the curves 
is probably caused by the elasticity of the parts of the Amsler 
machine. The stresses 3100 and 2690 Ib. per sq. in. were taken 
to be the proportional limits of the two samples. It should be 
noted that the alloys have no proportional limit in the strict 
sense of the word, since the point where the curve deviates from 
a straight line will differ, depending on the scale to which the 
deflections are plotted. All test data were plotted to the same 
scale as in Fig. 48, and either the apparent end of the straight- 
line portion or the point of maximum slope of the curve in case 
no such line existed, was called by the authors the ‘‘proportional 
limit.” Determinafions were also made of arbitrarily chosen 
yield points of these alloys, these yield points being taken as the 
stresses corresponding to the points of intersection of the initial 
straight portions of the load-compression curves and the tangents 


TABLE 5 ULTIMATE STRENGTHS, PROPORTIONAL LIMITS, 
AND YIELD POINTS OF THE ALLOYS TESTED, IN LB. PER 
N.! 


SQ. IN 
Antimony, —————Copper, per 
per cent 0.5 2 4 8s 
No.. ane 1 2 3 4 5 
8,540 8,880 10,000 12,080 
1,590 1,960 1,860 2,200 
) 5,160 5,880 6,880 7,220 
6 7 9 10 
(U.S....... 9,360 10,680 10,920 12,020 13,500 
4 <PI 2,355 2.490 2,450 2,890 3,155 
(Y.P 7,080 7,060 8,300 10,840 
No nd 12 13 14 15 
(US....... 11,500 12,880 13,480 14,040 16,400 
3,390 3,140 3,380 3,540 4,795 
7,500 12660 


BOviwesis 16 17 18 19 20 


( US....... 13,960 14,260 15,180 15,560 16,880 
3,605 3,790 4,520 4,070 
8,640 8,860 9,920 11,340 13,480 

Wa: «tw ds 21 22 23 24 25 
U.S....... 13,840 14,000 14,420 16,040 18,420 
10 3,630 4,460 4,880 5,670 
oN 8,240 9,440 9,780 11,920 14,580 


1 It may be of interest to note the corresponding values for Straits tin, which 
are as follows: U.S., 4480; P.L., 1820; Y.P., 2420 Ib. per sq. in. 
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to these curves at the points corresponding to 0.375 in. com- 
pression. Determinations of the proportional limits and yield 
points of these alloys cannot be made with the same degree of 
accuracy as can those of the ultimate strength, which is measured 
directly on the dial gage of the machine; nevertheless these 
values obtained from the load-compression diagram for these 
alloys are given in Table 5. These values represent the char- 
acteristics of these alloys at room temperatures ranging from 
21 to 26 deg. cent., the stresses quoted being the average of those 
obtained for the bottom and top test samples. 

Copies of the autographic load-compression charts are given 
in Figs. 49 and 50. In Fig. 49 the curves are grouped according 
to the content of antimony, those for the samples taken from the 
bottom and top of the ingots being superimposed; the coinci- 
dence between the curves is very satisfactory. In Fig. 50 the 
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curves for the bottom pieces only are given; they are grouped 
according to the content of copper. A peculiar feature is notice- 
able when the two figures are compared: in Fig. 49 the curves 
in each group with equal amounts of antimony are fairly parallel, 
i.e., of equal slope, in the region of plastic deformation, while 
in Fig. 50 the curves for alloys with the same amount of copper, 
but different contents of antimony are divergent, the slopes 
increasing with increase in 

antimony content. This may 6000 
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resist deformation. At a certain stage of deformation, how- 
ever, the splinters, which initially offered mutual support to 
one another and thus greatly influenced the strength of the 
mass as a whole, become disturbed, and, being thus discon- 
nected and relatively small, fail to prevent effectively the further 
deformation of the clay. The larger cubes, however, due to 
their shape and size, still act as keys to inhibit slip. 

The differing actions of copper and tin in the babbitt are also 
interestingly demonstrated in the photograph, Fig. 51, of the 
test pieces after 25 per cent compression. The surface of the 
test pieces with high copper content are rather smooth when 
compared with those of low copper content. The low-copper 
samples in all cases have the same superficial appearance as 
that of the Straits tin, which is shown on top of an uncompressed 
piece in Fig. 51. This may be explained by assuming that the 
interlocking needles of CuSn so break up the structure of the 
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alloy that slip of relatively minute blocks only can occur, whereas 
in the absence of these needles movement of comparatively large 
sections of the metal can take place, resulting in a rough surface 
of the sample after compression. 


RELATION BETWEEN COMPRESSIVE STRENGTH AND BRINELL 
HARDNESS 


Since it is much quicker and easier to test a babbitt metal 
for Brinell hardness than for compressive strength, the rela- 
tion between the two tests was investigated by the authors, and 
a satisfactory correlation of results was found. 

Fig. 52 shows the relation between the ultimate strength of the 
alloys and their hardness, both at room temperature. The 
points fall on a definite curve, the deviation of the points being 
within the limits of experimenta! errors. The plotting of the 
proportional limits and the yield points against the Brinell hard- 
ness (Figs. 52 and 53) shows a certain relation, although the 
points are more scattered. This is natural, since the propor- 
tional limits and yield points are obtained by an arbitrary method. 
It seems reasonable to adopt the straight-line relation shown 
in Figs. 52 and 53. 

It should be noted that the authors do not imply that there 
is any logical reason to expect a definite correlation between com- 
pressive strength and Brinell hardness, and the relations given 
are merely a convenient empirical way to derive the strength of 
babbitts from Brinell tests. This is especially important when 
the strength at elevated temperatures is sought, since, having 
the Brinell number the ultimate strength, proportional limit, and 
yield point may be found and the approximate stress-com- 
pression curve may be constructed. 

The 12 standard white bearing metals of the A.S.T.M. were 
tested by J. R. Freeman, Jr. (loc. cit.), the hardness and ultimate 
strength of the metals at 20 deg. cent. and 100 deg. cent. being 
given. Table 6 gives a comparison between the ultimate strengths 
found by Mr. Freeman and the values obtained by sealing off 
from the curve in Fig. 52. It is worthy of note that a close 
agreement exists, not only between the two sets of values for the 
tin-antimony-copper alloys at 20 deg. cent., but for the lead- 
base alloys as well. The agreement is not so close in the case 
of the 100-deg. cent. values, but it may be observed that Free- 
man in his hardness tests used a 500-lb. load, and at a tempera- 
ture of 100 deg. cent. such a load is excessive and readily leads 
to inaccurate readings. 


INFLUENCE OF SMALL ADMIXTURES OF LEAD 


For two reasons it became clear that a study of the effect of 


Antimony 


Fig. 51 SuperFictaL APPEARANCE OF Test Pieces Arrer 25 Per 
CENT COMPRESSION 


TABLE 6 COMPARISON OF ULTIMATE STRENGTHS FOUND BY 
FREEMAN WITH VALUES SCALED FROM FIG. 52 


— Per cent ~ -——20 deg. cent.——. -—100 deg. cent. 
USS. USS. 
as as 
found found 

Bear- in U.S. in : 
ing B. from B. from 
metal Hard- of Fig. Hard- of- Fig 
to. Sn Sb Cu Pb ness Stds. 52 ness Stds. 52 
1 91 4.5 4.5 17.2 12,850 12,600 8.2 6950 6,800 
2 89 7.5 3.5 24.3 14,920 16,620 12.2 8680) 9,600 
3 83'/3 8'/3 S!/3 27.2 17,590 17.800 14.6 9890 11,100 
4 75 12 3 10 24.3 16,160 16,620 11.9 6900 9.400 
5 65 15 2 18 22.3 15,030 15,650 10.2 6730 8,200 
5 20 15 1.5 63.5 20.8 14,530 15,040 10.5 8050 8.500 
7 10 15 75 22.7 15,640 15,820 10.5 6170 8,500 
8 5 15 80 19.8 15,620 14,340 9.6 6160 7,800 
9 5 10 85 19.1 14,710 13,750 8.5 5850 7,100 
10 2 15 £ 83 17.3 15,430 12,900 9.2 5770 7,500 
11 15 85 15.0 12.820 11,500 7.0 5100 6,000 
12 10 90 14.6 12,880 11,200 6.6 5100 5,700 


lead on the microstructure and properties of certain of thes: 
alloys would be advisable. In the first place, the use of com- 
mercial tin containing lead and copper is not uncommon. In 
the second place, the tinning of bearing shells prior to bab- 
bitting generally involves the use of a tin-lead solder, and as 
a result contamination of the lining with lead is unavoid 
able. 

To investigate the effect of lead upon the properties of typ- 
ieal tin-base bearing metals two groups of alloys were pre- 
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Pia. 52 Revation BETWEEN ULTIMATE STRENGTH AND HARDNESS OF 
ALLoys aT Room TEMPERATURE 


having alloy No. 20 as a base, lead again having been substituted 
for tin. 

These were examined microscopically and hardness and com- 
pression tests were made. The effect of temperature on hardness 
was also studied. The cooling curves of these alloys exhibited a de- 
flection at 181 deg. cent. in addition to those noted in the lead-free 
mixtures. This, no doubt, was due to the presence of traces of 
the eutectic of the lead-tin system. Such an evolution of heat has 
been referred to by Cowan (Institute of Metals—Advance Copy 
No. 451—subject to revision), who has shown also that the 
presence of lead in these alloys results in the formation of minute 
shrinkage cavities due to the freezing out of the lead tin eutectic 
at 181 deg. cent. 

Photomicrographs of alloys b and c of Group 1 are shown in 
Figs. 55 and 56. These may be compared with Fig. 25, which 
shows the structure of lead-free alloy of about the same com- 
It appears from these photographs that the substi- 
tution of lead for tin in alloys of low copper content has the effect 
of causing the CuSn needles to crystallize in a massive form. It 
has the further effect of pushing the lines BD and DF of the ter- 
nary equilibrium diagram away from the tin corner of the system. 
This effect is made evident by the almost complete absence of 
cubes of SnSb from the structure of alloy d. 

It is not improbable that the deleterious effect of lead upon the 
malleability and shock-resisting qualities of certain of these alloys, 
which have been frequently referred to in the literature, is due to 
the manner in which the CuSn crystals separate from the melt. 
The authors, however, have no conclusive argument at the 
moment either for or against the evidence which has appeared 
in regard to the effect of lead on the brittleness of these 
metals. 

Typical structures of alloys a and b of group 2 are shown in 
Figs. 57 and 58. In these alloys the coarsening effect of lead 
upon the CuSn constituent is not so marked, but the tendency of 
lead to extend the area of the 6-field of the diagram is clearly 
shown by the lesser number of cubes per unit volume of alloy— 
compare Figs. 58 and 28. 

The strength of the alloys of group 1 was investigated in the 
same manner as described before. Fig. 59 shows the stress- 
deformation curves for the test samples taken from the lower 
portion of the ingots. The strength of the alloy increases from 
alloy No. 18 to alloys a and b, while further increase of lead content 
does not affect the strength of the metal. The same effect is 
demonstrated in a Brinell hardness chart in Fig. 60. The Brinell 
humber increases with the addition of lead up to 1 per cent. 
After this point the hardness curve flattens out. 

It is interesting to note that at elevated temperatures the 


position. 
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effect of lead content gradually decreases, the effect at 125 deg. 
cent. becoming negligible. 

The same characteristics of the effect of lead on the strength of 
a tin-copper-antimony alloy are evident from the hardness data 
obtained with the alloys of group 2, shown in Fig. 61. 

These data accord with the observations of J. R. Freeman, Jr., 
and R. W. Woodward (loc. cit.), who tested a 3.5Cu-7.6Sb-88.9Sn 
alloy with admixtures of lead up to 5 percent. It is the authors’ 
opinion that, since the practice of tinning shells with solder prior 
to pouring the lining introduces a small amount of lead into it, 
the babbitt used should be as free from lead as is commercially 
reasonable. 


INFLUENCE OF IMPURITIES ON TIN 


In view of the known effect of lead upon the mechanical prop- 
erties of these alloys it is of importance to consider the analysis of 
the tin which forms their basis. Straits tin, for example, is 
relatively free from lead; commercial tin—“99 per cent’’—contains 
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up to about 1.0 per cent of lead. Typical analyses of these 
varieties are quoted below. 
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The microstructure of samples taken from standard castings 
(mold in Fig. 3) made from these two brands of tin are shown in 
Figs. 62 and 63, which bring out the remarkable difference be- 
tween the two materials in their reaction to similar treatments 
with the same etching reagent—undiluted ferric chloride. The 
white constituent which appears in Fig. 63 is doubtless CuSn. 

The Brinell hardness of Straits tin was found to be 5.0, that of 
99 per cent tin, 10.3. 

Two alloys were made up of the same constituents and were 
cast under identical conditions. In one, Straits tin formed the 
base; in the other, 99 per cent tin; otherwise the alloys were 
exactly similar. No analyses were made, as the authors were 
interested only in comparing the properties of similar charges 
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Fic. 64 ReLtatTion BETWEEN TEMPERATURE AND HARDNESS FOR 
86:10:4 ALLoy Wirs Tins or DirFERENT ANALYSIS 


with different basic metals. The results of hardness tests made 
at various temperatures on the castings obtained, which were 
of the following approximate analysis, tin, 86 per cent, anti- 
mony, 10 per cent, and copper, 4 per cent, are shown in Fig. 64. 


CONCLUSIONS 


The authors have found that a systematic relationship exists 
between the mechanical properties of the tin-antimony-copper 
alloys of high tin content and their percentages of antimony and 
copper. The phase boundaries of the system were determined as 
a result of a complete metallographic study. A ternary diagram 
of the system is given. 

A definite relationship has been shown to exist between the 
Brinell hardness numbers and the compression strengths of these 
alloys. The hardness numbers, therefore, satisfactorily express 
the mechanical properties of babbitts. 

The strength of these alloys does not increase appreciably with 
antimony content above the point of appearance of the SnSb 
cubes. Addition of copper increases the strength of these alloys, 
but the rate of increase of strength falls off on the appearance 
of CuSn needles. This last effect is most pronounced when the 
alloys are tested at high temperatures. On tnis account it does 
not appear rational to use high copper contents in babbitts that 
are to work at temperatures in excess of 75 deg. cent. 

Babbitts of high copper content must be poured at higher 
temperatures than those of low copper content, since the separa- 
tion of CuSn on cooling occurs at rapidly increasing temperatures 
with increase in copper content. 

The strength of these alloys falls off appreciably with increase 
in temperature within the working range of babbitts in bearings. 

Lead has an important effect upon the microstructure of these 
alloys. It increases the mechanical strength of babbitts when 
added in quantities up to 1 per cent. Further additions have no 
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strengthening effect whatever and at high temperatures this 
effect is entirely lost, no matter what the content of lead. The 
microstructural changes occasioned by lead tend to confirm the 
current opinions regarding its embrittling action. 


Discussion 


R. L. Tempuin.* The writer does not believe that there is such 
a thing as zero Brinell hardness, either in theory or otherwise. 
There is, however, a minimum value that obtains when the 
diameter of the impression equals the diameter of the steel balls. 
This minimum value is a finite one, being 3.18 on the basis of 
using a 10-mm. diameter ball under a 500-kg. load. Therefore 
any curve that portends to show a relationship between Brinell 
hardness and tensile strength ought to take this fact into account 
in its equation as is usually done in an equation showing the 
relationship between the Brinell hardness and tensile strength 
of steel. Quite frequently the Brinell hardness can be multiplied 
by a constant to get an approximate value of the ultimate tensile 
strength of a metal, but strictly speaking this is not correct. 
For instance, the Brinell hardness multiplied by 550 gives an 
approximate tensile strength of most of the known wrought alloys 
of aluminum. More satisfactory results are obtained, however, 
f the known tensile strength of the material is divided by 550 in 
order to obtain a Brinell value of reasonable accuracy. 

The authors state that in obtaining the Brinell hardness values 
the load was applied for thirty seconds. It has been found in 
the case of magnesium, for instance, that a satisfactory Brinell 
hardness value cannot be obtained unless the load is applied 
for an appreciably longer period, from 1'/: to 3 minutes. 

A rule sometimes given for Brinell hardness test indicates 
that as long as the depth of the impression does not exceed one- 
third the thickness of the specimen, the thickness of the material 
will not affect the hardness. The writer, however, has not been 
able to check this rule in the case of the non-ferrous metals al- 
though he has performed the following experiment a number 
of times: A specimen of wrought aluminum alloy about 
one-half inch thick is first carefully given a Brinell test to 
check the uniformity of the material, then the specimen is planed 
off on one side so that it tapers from the full thickness at one 
end to a knife edge at the other end. Brinell hardness tests 
are then made on the unplaned surface at definite intervals until 
a point is reached where the readings become constant, that is, 
where the anvil effect or the specimen thickness ceases to change 
the hardness values. Our results show that if the depth of the 
impression does not exceed about one-thirtieth of the thickness 
of the specimen, the results are not affected by the thickness 
of the specimen. 

With regard to the hardness tests on hard constituents existing 
in the form of large crystals in the material, we have found that 
in specimens containing large crystals as large as or larger than 
the Brinell ball used, so that it is possible to take readings on 
individual crystals, there seems to be very little difference in 
the Brinell values taken on the individual crystals or on the 
juncture of the crystals. This applies, of course, to aluminum 
alloys. We do find, however, in the case of Brinell tests of coarse 
crystal aggregates, as the Brinell ball is applied to the specimen, 
that certain of the crystals appear to rise up in the material while 
others are depressed adjacent to the Brinell impression. This 
causes the edge of the Brinell impression to be very irregular 
indeed and the determination of the Brinell hardness is quite 
doubtful. Another factor that should be considered is the differ- 
ential recovery of cold-worked metal as the load is removed from 
the Brinell ball. In such cases the Brinell impression instead of 


* Chief Engineer of Tests, Aluminum Co. of America, Pittsburgh, 
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being spherical in shape frequently has a four-sided appearance; 
then depending upon whether the diameters are read across 
the corners or across the sides of the impression, variations in 
Brinell values of from 17 to 20 per cent may be observed. 


W. R. Wesster.’ In practically all of the copper alloys, the 

. curve relating tensile strength to percentage of reduction by cold- 

working is fairly straight, having a slope which varies with 
specific alloys. 

If a Brinell-hardness curve of the same series is drawn, it will 
start with a greater pitch angle, but will gradually flatten out 
until after a while there is very little increase in the Brinell, 
whereas tensile strength goes up all the time. It would be 
interesting to know if this has been observed in the alloys men- 
tioned in the paper. 


P. W. Brace.* In connection with the structure of each of 
these alloys, we have finally the duplex structure in which we 
find both the antimony-tin cubes and the needles and the cubes. 
The writer would appreciate information as to which type of 
structure seems to be best from the standpoint of bearing per- 
formance. Listening to various discussions on bearing metals, 
one hears many different ideas as to what is the best bearing 
metal. Each person who discusses the subject seems to have his 
pet alloy which will do a certain duty better than any other one. 

Here we have mentioned three very definite types of structure, 
and some comment on the subject at this time seems desirable. 


A. L. Davis.?_ In tests made by Scovill Mfg. Co., the Brinell 
test has seemed to be a good indication of the strength. It 
is much more convenient than laborious compression tests, 
and seems to be quite satisfactory. 

In testing various bronzes and ‘“‘high-lead” bearing metals, 
we have found much of interest, which in practice we have tried 
to follow out by using the various alloys for bearings under rolls. 
We recently found that we do not necessarily have to have an 
exceedingly hard metal to carry a heavy load, providing the 
speed is not too great. Some of the “high-lead’’ metals that are 
ninety-six or seven per cent lead, hardened up by sodium or 
alkaline earths, seem to be excellent. The only qualification 
is that under certain conditions they tend to pick up grit and act 
as a lap. When in such position that grit does not get in, they 
make admirable bearings under very heavy loads. 


R. W. Capman.*® It has been found that the introduction of 
aluminum into tin-base babbitt has a tendency to break up the 
crystal and eliminate the antimony in tin and copper crystals. 
The elimination of crystals in white bearing metals seems to be 


5 Vice-President, Bridgeport Brass Co., Bridgeport, Conn. Mem. 
A.S.M.E. 

® Research Engineer, Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh, Pa. 

7 Research Engineer, Scovill Mfg. Co., Waterbury, Conn. 
A.S.M.E. 

8’ A. W. Cadman Mfg. Co., Pittsburgh, Pa. 
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the most essential thing we can strive for, because after all, the 
test of a babbitt metal is how long it will last without oil. Most 
any babbitt metal will carry the load so long as it has the proper 
lubrication, but with large crystals heat is sure to result, and 
heat is the source of the bearing’s destruction. In the writer's 
judgment, the needle structure of the babbitt metal is the ideal 
condition. A metal is never harder than its matrix; therefore, 
the Brinell value may appear high when one or more of the hard 
crystals is encountered, but will drop if the test is made at another 
spot. While Brinell test is wonderful and keeps one informed as 
to the hardness of the metal, the writer does not believe that it 
is quite as important as the ability to carry load. 


Avutuors’ CLOSURE 


In reply to Mr. Webster’s inquiry as to the effect of cold 
work on the hardness and strength of these alloys it can be said 
that work in this connection is included in our program. 

Mr. Davis’ remarks are most interesting, since the authors 
are at the moment investigating the properties of typical high- 
lead alloys. 

In reply to Mr. Brace’s question as to the optimum structure 
for these alloys, we are not in a position at the present time to 
make any recommendation as to a specific alloy. It is necessary 
for further tests to be made before we can decide which of this 
system of alloy is the most satisfactory. Reference to the third 
page of the paper, however, will indicate the authors’ present 
feeling in regard to those alloys which lie in the neighborhood of 
the phase boundaries of the system. = 

Mr. Templin’s point regarding Fig. 52 is worthy of remark. 
However, on the previous page it is stated by the authors 
that there was no logical reason ‘‘to expect a definite correlation 
between compressive strength and Brinell hardness,’ the curve 
being of an empirical character. 

As to the reliability of the hardness tests, one of the authors 
made a series of hardness tests some three to four months be- 
fore the other. A comparison between the two sets of figures 
given in Table 2 shows that the results obtained by two ob- 
servers at totally different times, using the same conditions of 
testing, are very close indeed. 

With respect to Mr. Cadman’s remarks, the authors believe 
that his criticism of the Brinell test is not justified. The 
longest cubes encountered in the alloys investigated by the au- 
thors were not more than '/3o) in. across the edges. The size of 
the impression produced in the Brinell test of this same alloy 
(i.e., number 25), was about '/;in. In other words the diameter 
of the impression was 60 times greater than the edge of the 
largest crvstal. 

In some instances tests were made on a baby Brinell machine 
using a '/j, in. ball and a 7'/s-kg. load. Even in this case it 
was found that the difference in the hardness at four different 
points in each sample was quite inappreciable. 

It would be of great interest to the authors to have quanti- 
tative data in regard to the effects of small and large crystals on 
the antifrictional qualities of bearing metals. A search for such 
data forms, of course, a part of the authors’ program. 
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The Design and Building of Jigs and Fixtures 


A Brief Description of the Methods Employed by the Western Electric Company in the 
Manufacture of Telephone Apparatus and Equipment 
By F. P. HUTCHISON,! KEARNY, N. J. 


ITH the general adoption of tools which will insure 

interchangeability of product and the increasing neces- 

sity for more economical manufacture, the efficient 
designing and building of jigs and fixtures is being emphasized 
more than ever before as one of the important factors to be 
considered. One of the industries to which this statement may 
well be applied is that of manufacturing telephone apparatus 
and equipment, especially when handled on a large-production 
basis as is done in the plants of the Western Electric Company, 
where over 13,000 separate and distinct kinds of apparatus are 
manufactured, in the assembly of which are used approximately 
110,000 different parts made on an interchangeable basis from 
over 18,000 different sizes, shapes, and kinds of raw material. 
The manufacture of this product involves not only all the stand- 
ard operations usually found in wood- and metal-working shops, 
but many special operations as well. It requires the use of many 
different designs and kinds of tools falling under the general 
classification of jigs and fixtures ranging in cost from a few dol- 
lars to over $5000, and in size from drill jigs and fixtures which 
are small enough to be carried in a man’s vest pocket, to port- 
able fixtures used for assembling and holding during are welding, 
structural-steel frames approximately 11 ft. long and 4 ft. wide. 
However, the larger proportion cost less than $400, as generally 
speaking the majority of the parts manufactured are small in 
size when compared with those used in engines, generators, 
heavy machinery, ete. 

The same general procedure is followed for the manufacture 
of jigs and fixtures as for other classes of tools, the work being 
divided into five steps or divisions, namely, planning, designing, 
ordering, tool making, and inspection, which will be considered 
in the order given. 

PLANNING 

In order to meet the increasing demands of the telephone 
business, new and changed designs of apparatus and equipment 
are constantly being developed for the purpose of improving the 
quality and reducing the cost of telephone service, which means 
that manufacturing requirements are continually changing. 
These new and changed designs must be analyzed and the best 
available methods of manufacture determined consistent with the 
quantity of parts to be made and the accuracy required. This 
work is performed by planning engineers, who prepare the manu- 
facturing analysis giving the sequence of operations, tools and 
machines to be used, speeds, quantity of materials required for 
unit output, and other manufacturing information. These 
engineers determine the new or changed tools, such as jigs and 
fixtures, which will be needed, make a preliminary estimate of 
the cost, and prepare the necessary requisitions for their design- 
ing and building. 

Studies are also being carried on by groups of engineers with 
the object of reducing manufacturing costs. As a result of 
these investigations requisitions are very often originated for the 
designing and building of new jigs or fixtures or for improvements 

‘Chief of Tool Design, Manufacturing Objectives, and Labor 
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in present tools. It would appear that if the planning job were 
done properly at the time of the original analysis, there would be 
no need for further study. However, this does not always hold 
true, as methods, processes, and tools which have already been 
proved and which it is known will work well, must be specified 
as far as possible in order that the product may be produced 
by a given date and at near the estimated cost. Later, after 
manufacture is under way, it is possible to try out new ideas and 
improved methods and tools without holding up production. 
Also in many cases the quantity of a part manufactured increases 
sufficiently to warrant improved and more expensive tools, which 
would not have been justified on the lower schedules. 

After the tool requisitions have been written up and properly 
approved for expenditure in accordance with the estimated cost, 
they are routed to the Tool and Gage Design Division. 

DESIGNING 

The Tool and Gage Design Organization is divided into sec- 
tions according to the class of work handled; for example, there 
is one group which designs drill jigs and tapping fixtures, another 
arc-welding, milling, and assembly fixtures, a third screw-machine 
and heading tools, a fourth riveting, molding, and spot-welding 
fixtures, etc. This plan is not only of advantage from an organ- 
ization and assignment-of-work standpoint, but tends to pro- 
duce more efficient designs and lower design costs, especially con- 
sidering the very large variety of tools involved. 

In order to handle efficiently between six and eight thousand 
requisitions a year, approximately one-third of which are for 
jigs and fixtures, it is necessary that the completion dates for the 
design work necessary be determined and the jobs scheduled 
accordingly on the groups handling each particular class of work. 
This function is performed by the scheduling section, who main- 
tain a balanced load against each design section’s capacity. The 
requisitions or orders are assigned to the designers by the super- 
visor in charge of the group. After the drawings have been com- 
pleted they are checked in detail by checkers, and for general 
design by the section and department chiefs, before being finally 
approved by the chief of the Design Division. 

The actual time and expense for design work are recorded 
fer each order and included as part of the total cost of the tools. 
For jigs and fixtures the design expense may vary from 5 per cent 
of the total cost to several times this figure, depending on the 
nature of the design, amount of development work necessary, 
number of tools being built, ete. Every effort is being made 
through standardization and other means to hold design costs 
to the lowest possible figure consistent with good practice. Very 
few ink tracings are now being made at the time of designing 
except in special cases or where it is probable that the drawing 
will be subjected to considerable handling, as, for instance, when 
a number of prints may be required at frequent intervals for 
reorders or maintenance purposes. The majority of the draw- 
ings are made only in pencil on pencil-cloth cut to five specified 
sizes ranging from in. X 12'/2 in. to 31'/s in. & in. 
within border lines, and with the standard form printed, so that 
no ruling or lettering for this part of the drawing is necessary 
by the designer. If it is later found advisable to make an ink 
tracing, this can be done when required. Meanwhile any cor- 
rections or changes found necessary in the design can be made 
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much easier and at less cost on the pencil drawing than if a trac- 
ing had to be changed. As between 1200 and 2000 drawings and 
sketches for jigs and fixtures are made yearly, there are now a 
large number of different designs on file, so that it is often possi- 
ble to eliminate making a drawing for a new tool and specify 
that it shall be similar to another drawing with certain modifica- 
tions. Where only one tool is to be made and the design is com- 
paratively simple, instructions for making included on the order 
together with the drawing of the apparatus or piece part will 
often suffice. Approximately 12 per cent of the orders issued 
for new jigs and fixtures not previously designed are being han- 
dled satisfactorily on a not-drawn basis. In many cases a sketch 
or drawing showing only the drilling and milling layout and 
specifying standard parts is furnished. 

Considerable progress has been made in the standardization 
of tool designs, and further studies of this nature are being carried 
on. Standard drawings have been made for various types of 
drill jigs and fixtures, as well as other tools, and details such as 
bushings, channels, latches, springs for plate jigs, gage pins, 
jig feet, clamping cams, etc. have been standardized and stocked 
where the quantities used are sufficient. Tool steels have been 
classified and assigned code numbers, except in the case of 
S.A.E. specification steels where the standard classification num- 
Trade names of steels are not shown on draw- 
The purposes for which the various 


bers are used. 
ings except in special cases. 
steels are best suited have been determined by the Metallurgical 
Department, and a table with over 250 classifications of tools 
and parts has been prepared giving the code numbers of the 
proper steels to be used and the degree of hardness according 
to the Rockwell scale. S.A.E. 1020 steel is generally specified 
for Jig and fixture parts made of machine steel, especially when 
case-hardened. Information is given on the drawing for each 
part as to the method, whether cyanide or pack hardening, and 
the specification number covering the process. In addition, if 
pack hardened, the depth of case, the treatment number, and the 
tempering temperature are shown. 

A book of standard design practices has been compiled in loose- 
leaf form which is furnished each designer, and the following 
rules have been established in connection with its use: 

1 The instructions and data included shall be followed as 
far as possible so that similarity will exist in the drawings made 
by different individuals, and designers are not to deviate from 
them without the consent of their supervisor. 

2 Parts commonly known as standard tool parts, as well as 
such commercial articles as are kept in stock and ready for use, 
shall be incorporated in all designs whenever suitable whether 
the tool is new or to be changed. 

3 Typical designs shown are to be followed as closely as possi- 
ble whenever practical for the particular job on hand. 

4 Economical production of equipment depends on the care- 
ful selection of parts and materials entering into the tool, and 
care should be taken to scan the data sheets as well as the stock 
lists for suitable parts and material before designing or using any- 
thing special. 

Some of the important factors considered in designing drill 
jigs, and also tapping and milling fixtures where applicable, are: 

1 Design of jig should be simple, light to handle, safe for the 
operator to use, and strong to withstand rough usage, so that 
accuracy is not destroyed. 

2 Locating pins or blocks should where possible locate the 
part from the same points as in preceding operations, if any 
have been performed. 

3 Clamps and methods of holding the work should be as few 
as possible consistent with rigidity and accuracy, and easy and 
quick to manipulate, so that loading and unloading time will be 
reduced to a minimum. 


4 Provision should be made for chips and burrs so they can 
be easily cleaned out, particularly away from locating points 

5 Bushings should not be placed in movable parts, such as 
leaves, unless it is unavoidable. 

6 The design should be such that all holes or as many as possi 
ble are drilled at one setting. 

7 Wearing parts should be designed so that they may be 
repaired or replaced without reconstructing the entire jig or fix- 
ture. 

S Whenever possible and production requirements permit, thi 
design should be such that a tool can be used for more than on 
part by means of interchangeable details. 

Owing to the large variety of equipment and apparatus manu 
factured, many special designs of jigs and fixtures not required 
in the more or less standard or common manufacturing operations 
such as drilling, milling, tapping, etc. are necessary, which cal! 
for more than average designing ability. The assembly and 
adjustment of the apparatus require many different kinds of 
fixtures for locating and holding the piece parts in position in 
order to facilitate this work both on machines and by hand oper 
ations onthe bench. Welding, both spot and are, is an important 
operation requiring a large variety of fixtures, ranging in cost 
from less than $100 to several thousand dollars for the largest 
are-welding fixtures previously referred to, which are used for 
welding dial-system frames made of channels, angles, and flat 
stock. These fixtures are mounted on trucks so that the details 
can be assembled by helpers and the fixtures moved into the weld- 
ing booths for the welding operations. They must be designe: 
so as to prevent distortion and maintain limits which are com- 
paratively close for this class of work. Several of the draw- 
ings for these fixtures each cover as many as twenty-five larze- 
size sheets. Many small parts are spot-welded in fixtures used 
in welding machines of the press type, and these are usually de- 
signed to assemble parts within close limits. In fact, in order 
to obtain the correct functioning of the apparatus or equipment 
and also to insure interchangeability in assembly, a large percen- 
tage of the piece parts must be made and put together with a 
considerable degree of accuracy, often within limits of less than 
0.001 in. for some of the dimensions, and the tool designs must 
be made accordingly. 


ORDERING 


The Design Division forwards the tool requisition together 
with the necessary prints to the Tool Ordering Division. Thus 
organization checks the estimated cost and approvals, places 
orders for patterns, castings, or forgings, and standard commervial 
parts as required, and follows these orders to insure delivery to 
the tool room. They write up the final order giving the layout 
of the department to perform the work and operations to be per- 
formed by each, complete description of the tool, final estimated 
cost, and other manufacturing information. The order with 
prints attached is then forwarded to the shop with copies to the 
technical and accounting organizations interested. 


TOOLMAKING 


Although in special cases and when production requirements 
have necessitated doing so, tools have been made in accordance 
with our drawings by tool manufacturers, the company has found 
it expedient and desirable as a general practice to build its own 
tools. Considering the high standards which are maintained 
and the accuracy usually required, a substantial advantage from 
both a quality and tool-service standpoint is gained by so doing. 
Approximately 600 toolmakers and machinists are normally 
employed in the actual making, changing, and repairing of tools, 
about 100 of whom are engaged on jig and fixture work. Special- 
ization of work or division of labor in the toolroom has been 
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carried out to a high degree. The main groups are the milling- 
machine section, the grinding section, the lathe section, the gage, 
jig, and fixture bench-work section, and the punch-and-die bench- 
work section. These sections are further subdivided according 
to type of work handled, with specialists in each who do only that 
class of work, as, for example, there are men in the bench-work 
sections who work on the final fitting and assembly of drill jigs, 
others on assembly fixtures, ete. 

When an order is received in the toolroom the necessary clerical 
work in connection with recording, scheduling, etc. is performed 
and the raw material and standard parts are drawn from stock. 
The material, including any forgings or castings, together with 
a work ticket is then routed to the proper sections for performing 
the various machining operations. The machined parts upon 
completion are forwarded for fitting to the bench-work section 
handling the particular class of work. Parts requiring harden- 
ing have this operation performed by specialists on this kind 
of work, using the most improved equipment and automatic 
temperature recording and control, after which they are returned 
to the bench-work section for the final fitting and assembly. 

By this plan each operation is performed by a man skilled in that 
particular work, so that a minimum amount of time is necessary 
and increased efficiency and accuracy are obtained. Also since the 
skill required varies for the different operations, the proper grade 
of workman can be emploved for each, thus resulting in a much 
lower labor cost than if a high-grade toolmaker, required for the 
bench work, performed all the operations and built the tool com- 
plete 

Practically all of the accurate work in connection with laving 
out and boring holes in jigs and fixtures is done on jig-boring 
machines and vertical millers equipped with verniers, and 
methods such as the size-block, disk, button, vernier caliper, 
height gage, ete. are seldom used. As in the case of other ma- 
chine operations, this work is performed by specialists experienced 
on these machines, so that the highest quality and accuracy 
with the minimum amount of time required are obtained. 

\s previously mentioned, details such as drill bushings, latches, 
springs, gage pins, clamping cams, jig feet, etc. have been stand- 
ardized and are made in quantities and stocked. In addition 
to jig and fixture details, parts for other types of tools and a 
large variety of small tools, including taps, dies, reamers, and 
milling cutters are made and handled on a stock basis. This 
work is performed by a separate toolmaking department set up 
for this purpose and a large part of it is done on a gang piece- 
work basis, the earnings being distributed weekly on a pro rata 
basis in a manner similar to regular production in the general 
manufacturing departments. Standard manufacturing layouts 
giving the operations to be performed, machines and tools used, 
etc. are issued for stock parts, the same as is done for apparatus 
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and piece parts, although the amount of detail given on the lay- 
outs varies according to the nature and output requirements of 
the part. A plan such as this, which results in large economies, 
is of course practical only where the quantities to be made justify 
such a practice. 


INSPECTION 


Upon completion, the jig or fixture is routed to the Tool In- 
spection Organization where it is inspected for workmanship, 
conformance with the drawing, and whether the part produced 
is satisfactory. In some cases it is necessary to make a test 
of the tool under operating conditions, commonly termed a 
“try out,” in order to determine the accuracy, probable dura- 
bility, safety, speed, ease of operation, and that it does not in- 
jure the product or disturb any previous adjustments. In this 
connection it might be mentioned that while the convenience 
of using the jig or fixture must not be overlooked as an item in 
facilitating production and preventing unnecessary fatigue, 
safety of the employee is a factor of paramount importance 
which is always given careful consideration. 

Tool inspection in reality forms the connecting link between 
the manufacturing tools and the finished product. Good in- 
spection requires not only the ability to interpret drawings and 
make accurate measurements, but some degree of technical 
knowledge as well and an appreciation of the economical and 
correct use of tools and gages. Tool-inspection work has also 
been developed and divided into more or less specialized units, 
with the resulting advantage of higher-grade work at less cost. 
To facilitate inspection operations and insure the required ac- 
curacy, precision measuring instruments and gages, such as 
Johanssen and Hoke gage blocks, dial indicator gages, optimeters, 
and contour-measuring projectors are used, although these are 
not required as much in connection with jigs and fixtures as for 
some of the other types of tools and gages made. 


CONCLUSION 


To cover completely all the practices, methods, routine, ete. 
followed by the Western Electric Company in the design and 
building of the many different types of jigs and fixtures is bevond 
the scope of a short paper of this kind, and in the foregoing de- 
scription an effort has been made merely to give, without the in- 
clusion of too many details, a general picture of the way the work 
is handled. Although the present practices are satisfactorily 
meeting requirements at a reasonable cost, this does not neces- 
sarily mean that they are considered the best possible methods. 
As mentioned before, studies are being carried on and improve- 
ments and changes are constantly being made in an effort to 
further reduce costs and still maintain high standards of quality 
and accuracy. 


& 
| 
t 
r 
t 
3 
d 
r 
it 
n 
st 
is 
al 
it = 
T- ad 
se 
he 
its 
re 
nd : : 
vn 
ed 
1g. 
lv 
ls, 
al- 
en ia 


4 
2 
t 
( 
\ 
t 
I 
I 
| 
| | 
? 
| 


MSP-50-13 


Maintenance of Machine Tools 


Procedure of the Singer Manufacturing Company in the Repair of Old Tools 
And the Purchase or Building of New Ones 


By J. C. MATTERN,' ELIZABETHPORT, N. J. 


the firm he is employed by operates in the maintenance of 
its machine tools. 

Maintenance of machine tools as treated in this paper will cover: 

The repair of machine tools 

The purchase of new machine tools 

The building of new machine tools by the tool room or machine 

shop. 

There is little room for discussion as to the final action in either 
the repair, building, or purchase of machine tools. When the 
decision has been reached, the obvious thing to do is to act. 
Where engineers will differ, however, isin regard to the procedure 
to employ. It will be well at this time to describe the various 
agencies that carry out the work of repairing, building, or pur- 
chasing of machine tools. 

The mechanical-engineering department consists of a small 
body of men well trained in the machine requirements of the plant. 
Some of them in their activities cover the whole plant, while 
others confine themselves largely to certain departments. This 
department works with the designing department, or drafting 
room, as it is usually called. 

Here again, while no hard-and-fast lines are drawn, each 
of the four chief designers specializes along certain lines in 
the design of special machine tools. It might be said in pass- 
ing that the two organizations above described are quite flexi- 
ble as regards the work they are at times called upon to do. 
A condition arises where the tools necessary to manufacture a 
new product are to be produced in the shortest possible time. 
Immediately practically all other work in process is stopped 
and both departments devote their entire time to the designing 
and drawing of the machines and tools needed. By so doing 
the work is soon put up to the tool room. 

Working in conjunction with the mechanical-engineering and 
drafting departments is the central tool room, which is in reality 
a tool room as that term is generally understood, and also a 
machine shop. Its organization consists of a department mana- 
ger, machine foremen, and assembly foremen. 

These assembly or erecting foremen are men who are specialists 
in certain types of machines used in the manufacture of the 
company’s product, and while as a rule they work on the machines 
in their line, nevertheless the same flexibility exists here as in the 
drafting room. 

When the case arises where it is necessary to build the tools 
to manufacture a new product as quickly as it can possibly be 
done, these assembly foremen drop all work that can be side- 
tracked and build jigs, fixtures, or any type of machine tool 
needed. 

The manufacturing plant is composed of many departments, 
each having its special line of parts to produce or assemble, and 
each department having its machine tools designed and built 
or purchased to produce its work at as low a cost as possible 
consistent with maintaining the high quality demanded by a 
heartless inspection department which is armed with as good a 
line of gages as the mind of man can devise. 


|: IS THE author's purpose to describe the plan under which 


: velopment Engineer, Singer Manufacturing Company. Mem. 
S.M.E. 


, Presented at a meeting of the Philadelphia Section of the A.S.M.E., 
Philadelphia, Pa., November 22, 1927. 
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The department organization consists of department manager, 
equipment man, tool-room foremen, section foremen, and cutter 
setters. There are other members of the department family, 
but they have little if any relation to the subject of this paper. 


REPAIRING MACHINES 


When to repair a machine rests mostly with the section fore- 
man, the reason being that he is most directly responsible for 
production running parallel with the orders, and for the quality 
of the product turned out. All of his work is subject to rigid 
inspection, bad work being of course rejected, and a record of 
such “spoilt work’’ being kept by the cost department. In ad- 
dition a loss percentage is set, above which he must not go. 

Beyond the section foreman the equipment and department 
managers are also responsible for “spoilt work.’’ These three 
men are therefore keenly interested in having their machine- 
tool equipment in good condition. Being responsible for pro- 
duction as well as quality, they are in the best position to deter- 
mine when a machine should be repaired. They look into the 
stock on hand, determine how long the machine can be shut 
down, and ascertain whether they have another machine capable 
of doing the work in the department that can be substituted. 
In short, they review the situation as it affects this machine. 

We have here keen personal interest—personal responsibility 
resting on men who understand the work to be performed, who 
are intimately acquainted with the machine that does the work. 
If they fail, this will be shown by either the quality or the cost 
of production. There is no central authority that keeps a record 
of the 15,000 or more machine tools in the plant as regards the 
number of times a machine is repaired and at what cost it was 
repaired. The exception to this is where a machine fails to 
stand up as it should and is constantly developing trouble, and 
when such is the case, the bookkeeper of the department in which 
the machine is located starts a record card showing the time and 
cost of each repair job. The case of this machine is taken up by 
either the department manager or equipment man with the me- 
chanical-engineering department, who take means to correct 
the trouble by changing the design, substituting another machine 
or any action which in their judgment is best. But no action is 
taken without consulting the department organization. 

It is within the scope of a member of the mechanical-engineering 
department to call to the attention of the department manager 
the condition of a machine and advise that it be repaired. 

A decision having been reached by the department manager 
that a machine is to be repaired, an order is issued either on the 
department tool room or the central tool room, and this brings 
up the question of how and where the work is to be done. 

If it is a minor repair the order is placed with the department 
tool room and none but the department organization, as a rule, 
takes any interest therein. 

If the repair work is of any magnitude, or must be very quickly 
accomplished, it is sent to the central tool room where the de- 
partment manager assigns it to the assembly foreman who special- 
izes in that type of machine tool. If a machine of the type to 
be repaired can be purchased, the tool room estimates the amount 
of money necessary to cover the cost of repairing the old machine. 
The matter is then analyzed by the mechanical-engineering de- 
partment and the manager of the department interested. If 
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the decision is to buy a new machine, a report is drawn up setting 
forth the facts in the case and asking for an appropriation of a 
sum necessary to purchase the new machine. 

The cost of the new machine having in the meantime been 
obtained through the purchasing department on quotation, 
this report is submitted to the works manager for his approval. 
Action in accordance with his ruling is then taken. 

One other phase of the question should be mentioned at this 
time, namely, that of improving the machine to be repaired as 
a means of reducing the cost of the part it produces. A sug- 
gestion to this end can emanate from the superintendent of works, 
the department owning the machine, or the mechanical-engineer- 
ing department after the proposed improvement has been dis- 
cussed by the organizations interested and approved by the head 
of the mechanical-engineering department and department mana- 
ger; and if deemed of sufficient importance submitted to the 
superintendent and works manager, and if by them approved, 
the machine is rebuilt. 

The reason for making the repairs in the central tool room as 
against doing the work in a special repair shop is that there are 
in the central tool room foremen who are in fact experts on the 
many different types of machines used to produce the plant’s 
product, and a better result is obtained than would be in a re- 
pair shop where it would be impossible for the foreman and men 
who do the work to have the same degree of knowledge and ex- 
perience. 


PURCHASING OR BUILDING NEw MACHINES 


New machines are installed for the following reasons: 


a When an old machine has reached the point where it 
should be replaced by a new one 

b When a new machine can be built or purchased and the 
saving in cost of production of the part or parts pro- 
duced thereby will defray the cost of the new machine 
within a period of from three to four years 

c When their purchase or construction is necessary because 
of an increase in production or a new product added 
to the line 

d When in the cost of machines purchased for the tool 
department the estimated saving on work will pay for 
them within four years. 


No old machine is scraped, no matter what its age, unless the 
new machine that would replace it can prove itself by showing 
a worth-while reduction in the manufacturing cost of the part 
produced. 

The author can call to mind machines probably from 30 to 
35 years old, performing simple drilling operations, located in a 
line where the operator serves a number of machines, and where 
the machine cost is such that no new machine up to this time has 
been thought of that would reduce the cost at all. 

The suggestion to build or purchase a new machine having 
for its object the reduction of the cost of manufacture of a part 
or parts can emanate from any source whatsoever. The works 
manager or the superintendent may order an analysis because 
of the facts shown by the cost sheets. The department manager, 
section foreman, department equipment man, any workman 
if he has an idea, any member of the mechanical-engineering or 
drafting departments, is listened to and encouraged to make 
suggestions. 

With very few exceptions all suggestions either to build or to 
purchase new machines ultimately come to the mechanical- 


engineering department, where the cost of the new machine is 
compared with the estimated saving in the production cost of the 
part or parts to be machined. 

If the estimated saving over a period of three or four years 
equals the cost of the new machine the facts are entered on a 
form sheet designed for that purpose, setting forth the operations 
and prices paid therefor in one column. Another column shows 
the operations as it is proposed to perform them on the new ma- 
chine and the price to be paid. A third column sets forth the 
saving in cost to be made, and a fourth either the amount of 
money needed to design and build the new machine or, if bought 
outside, the purchase price. At the bottom of the sheet is shown 
the length of time necessary to pay for the new machine. As 
mentioned before, the period set is from three to four years, pro- 
vided no element except cost reduction is considered. Should 
it be a matter of safety, a machine may be altered, or a new one 
built or purchased, without the necessity of showing a reduction 
in cost of manufacture. 

Where new machine tools are required for a new product added 
to the line, the following action is taken. 

The new parts are assigned to the various departments by cer- 
tain men of the organization. The operation lists are then 
written up by men trained in this procedure, who work closely 
with the department organization on the parts assigned to them 
The author would like to emphasize the desirability of close co- 
operation between the department organization and the machan- 
ical-engineering department, the drafting department, and the 
central tool room, both in the designing and building and in 
the purchasing of new machine tools. - 

Upon completion of the operation sheets the mechanical- 
engineering department in conjunction with the drafting depart- 
ment and department organization maps out the types of machines 
to be built or purchased and settles on their cost. All of this 
is then submitted for approval to the works manager and super- 
intendent of the works. If approved, usually a due date is given, 
and the work is assigned. 

The central tool room does its own repairing when and how it 
pleases. 

The purchase of new machine tools for the central tool room 
is also based on the ability of the contemplated new tool to show 
such an increase of work turned out over the old tool that it will 
pay for itself within the given three or four years. The reduc- 
tion in cost is arrived at in the following manner. Drawings 
of from 10 to 12 jobs or samples of work to be done are sent to a 


_ firm building the machine tool under consideration, for time 


studies on the drawings or samples submitted. These time 
studies are checked against the best that can be done on the ma- 
chine tool or tools to be supplanted. 

There is considerable ground for discussion in this work of 
maintaining the machine tools of a manufacturing plant. Among 
many, the following questions are those that most frequently 
present themselves to the author: 

Is the rule that a new machine must pay for itself in from 
three to four years all that is necessary? Should elements 
other than the element of safety of the operator enter in? 

Should there be a central organization with records and an 
office force to keep track of the machines in use instead of leav- 
ing matters with that part of the organization that is directly 
in touch with the machines? Are there certain vital elements 
entering into the question that these men know nothing about? 

Is it best to have a repair shop where all repairs are made 
and should this shop handle nothing but repairs? 
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Maintenance in the Large Industrial Plant 


Details of System Employed in the Henry Disston & Sons Works, With Maintenance Costs 
Of Machinery Expressed as Percentages of Productive Labor and 
As Percentages of Book Value 
By C. M. THOMPSON,! PHILADELPHIA, PA. 


equipment in an industrial plant. One is to allow machin- 

ery to run until a breakdown occurs and then order repairs, 

while the other system is based on periodic inspections and minor 

repairs in an attempt to forestall interruptions to production. 

Which of these systems should be used is a matter to be de- 

cided by the management of the individual concern, but there 

are, however, certain pertinent factors which should be con- 
sidered: namely, 


fie are two systems of maintenance of property and 


An idea of the many types of machinery installed in this plant 
can be gained from the following partial list of products manu- 
factured: Steel, saws, files, knives, trowels, shears, squares, 
levels, screwdrivers, scrapers, as well as a large number of metal 
products, such as automobile clutch disks, ete. 

The power supply at the present time is largely electric, al- 
though seven rolling mills in the steel works and three depart- 
ments in the saw works are driven by reciprocating engines 
which are supplied from two stoker-fed boiler plants. There is a 
considerable amount of process steam used, the majority of 


| : rahe el which is for dry kilns and steam boxes in the lumber yard. The 
exhaust steam from the rolling-mill engines is delivered to the 
4 Source of power supply, and power house where three low-pressure turbo-generators supply > 
S Leber Geeiitien . about fifty per cent of the electric-power load. The remainder 
is supplied by the Philadelphia Electric Company. sy 
Before discussing the subject in detail, it might be well briefly to Being situated in an industrial center such as Philadelphia, ve 
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outline the influence the above items exercise on the problem 
in which the author is particularly interested. 

The plant of Henry Disston & Sons covers approximately 
63 acres and contains 54 buildings with a total floor space, ex- 
cluding the steel works, of about 530,000 sq. ft. (more than twice 
the area of the main span of the Delaware River Bridge), requiring 
a larger force than would be the case if the various departments 
were confined in a fewer number of buildings. 

There are three main divisions in the factory, namely, steel 
works, saw works, and file works, each presenting varied main- 
tenance problems. The saw and file works buildings are of the 
slow-burning mill-type construction of one and two stories, while 
those in the steel works are of typical steel-mill construction. 


' Plant Engineer, Henry Disston & Sons, Inc. 
Presented at a meeting of the Philadelphia Section of the A.S.M.E., 
Philadelphia, Pa., November 27, 1927. 


a plentiful supply of skilled labor is available at reasonable wages, 
which permits the employment of first-class mechanics in their 
respective trades. This is especially true in the Maintenance 
Department. 

Fig. 1 is an organization chart showing the various divisions 
of the Maintenance Department, their respective duties, and the 
relation of the whole to the Production and Engineering Depart- 
ments. 

As customary, the Maintenance Department is responsible 
for the upkeep of buildings, grounds, equipment, and machinery 
and in addition the operation of the power supply. The depart- 
ment consists of a plant engineer in charge, an assistant whose 
duty is the supervision of the clerical work, such as costs, records, 
fuel reports, etc., and five subdivisions as shown in the organ- 
ization chart. 

The Mechanical Division is responsible for the upkeep of all 
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engines, lineshafting and main drive belts; elevators; railroad 
tracks and roads, cranes, etc. All engines are thoroughly in- 
spected, including removal of cylinder heads, twice a year. An 
oiler is employed to care for all main lineshaft bearings and re- 
port any trouble with either shafting or belting. The oiling of 
machinery and countershafts is the responsibility of the indi- 
vidual departments. Weekly inspections of all cranes are made 
and reported on a special form shown in Fig. 2. 

The Electrical Division’s duties comprise the upkeep of all 


CRANE INSPECTION 


Maxm........ CAPACITY... Tons. LOcATION....... Dats 


C'ONTROLLERS: SHAFTING: 


Contacts *Bearings 

Fingers *Gears 

Wiring *Brake 
*Grease 


SwITCHBOARD: 
Mechanism Circuit Breakers 
Wiring Knife Switches 
Fuses Shunt Trip Coils 

Motors: Bridge Trolley Large Hoist Small Hoist 
Slip Rings 
Brushes 
Brush Holders 
Wiring 
Mag. Brakes 
Bearings 
Oiling 
*Pinions 


Limit SwitcHEs: 


Horst Buocks: Large Hoist Small Hoist 
*Bearings 
*Sheave Wheels 
*Oil or Grease 
*Hook 
*Swivel 
*Cable 
Drums: 


*Bearings 
*Oil or Grease 
*Gears 
Buses: Runway Bridge 
Wires 
Insulators 
Supports 
Wheels 
Wheel Arms 
TRACK: 
*Rails 
*Clamps 
*Plates 
WHEELS: Bridges Trolley 
*Axles 
* Journals 
*Gears 
*Wheels 
*Grease 
GENERAL CONDITIONS 


Note: * Indicates items covered by mechanical inspection. 


Fic. 2. Form ror USE IN CRANE INSPECTION 


electrical units, including the oiling and cleaning of all motors 
and generators, weekly inspection of cranes and the melting 
furnaces, and a daily inspection of the substation equipment 
and all large motors. The electrical inspector also changes all 
charts and collects them from the recording instruments. In 
addition to the large units, there are about 425 motors in opera- 
tion, ranging in size from 1 to 75 hp. Two electricians are as- 


signed to the cleaning of motors each week end, and by this 
procedure it takes about 5 months to complete a round. Every 
other Saturday the entire electrical force is assigned to the oiling 
of motors, each man having a specified group, thereby completing 
the job in about four hours. By this means the maintenance 
expense of motors is held to a minimum, as any apparent trouble 
such as bearing, loose pulleys, etc., is noticed before a shutdown 
is necessary. The total cost of oiling, cleaning, and repairing 
the entire motor installation averages $1.60 per hp. per year. 
Card records are kept of the data of each motor and its location, 
together with a complete record of the dates the motor was 
cleaned and any repairs made. 

The cleaning and replacing of electric lamps is also the duty 
of this division. Lamps are cleaned about every six weeks, re- 
quiring one man’s time for about two weeks to cover the factory 
The cost of this cleaning amounts to about $400 per year. The 
replacement of defective or blown fuses is prohibited except by 
an electrician, thereby bringing to this division’s attention any 
trouble, such as overload, grounds, ete., in order that corrective 
measures may be taken immediately. 

It has not been the practice of the management to budget 
repairs. Records are kept of repair costs, however, and ar 
given to the superintendent of each department every month 
All maintenance orders are returned, when completed, to thy 
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department requesting the work to be done, showing the amoun 
of labor and material expended so that the superintendent has 
the opportunity to check the job and enter complaint if he be 
lieves it justified. In the saw works the superintendents of th 
various departments meet once a month, at which time the operat: 
ing costs are presented. The details of these figures, such 
non-productive labor, tools, supplies, and repairs are discusseé 
and comparisons made with previous months on the basis of th 
billing value of the finished product in order that each superit 
tendent may be familiar with the trend in his respective depar- 
ment. 

Three years ago the author started giving each division hea 
in the Maintenance Department the cost figures over which b 
had direct control, and also a chart showing the total expen® 
charged against his division. These charts include depreciatio 
taxes, insurance, etc., in addition to the direct charges. Fis 
3 is the expense chart for this year for the Mechanical Divisio 
and when compared with the averages of the last two years giv# 
a very good idea of what can be accomplished. The machilt 
shop of this division not only handles maintenance jobs, but a! 
the building of new machines and some production work. 
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MACHINE-SHOP PRACTICE 


There are 143 men employed in the maintenance and operating 
groups. This force is made up of the following: 


29 Machinists 12 Engineers 9 Electricians 
6 Tool makers 8 Elevators operators 9 Carpenters 
2 Millwrights 20 Firemen 4 Painters 

7 Blacksmiths 2 Electrical operators 2 Plumbers 

2 Pattern Makers 6 Truck drivers 7 Steam fitters 
2 Iron workers 2 Auto mechanics 2 Tinsmiths 

2 Roofers 1 Oiler 2 Riggers 


7 Laborers 


In order to compare maintenance costs of machinery the usual 
practice is to base it on a percentage of productive labor. Pro- 
ductive labor is a definite quantity, and the executive wants to 
know how much of every dollar of productive labor is spent for 
repairs. These figures for the saw works, by departments, are 
as follows: 

Percentage of 


productive 
Department labor 
Maintanance (Planers, shapers, lathes, drill presses, 
Saw Tool (Lathes, shapers and milling machines).... . 0.6 
Handle (Woodworking machines)................... 0.7 
Hand Saw (Shears, presses, grinders)................ mS 
Long Saw (Shears, presses, grinders)................. 1.8 
Milne Baw Cutters)... 2.9 
Circular Saw (Shears, presses, large grinders)......... 3.4 
Band Saw (Shears, presses, large grinders)........... 3.5 
Jobbing (Shears, presses, lathes, large grinders, and fur- 
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From these figures it will be noted that, in departments where 
the costs are very nearly alike, the class of machinery is similar. 

In order to give some insight into the maintenance costs of 
machinery by classes it may be of interest to compare them on 
the basis of percentage of value. The percentage for the machin- 
ery in the Saw Works on the basis of present book value is as 
follows: 


Percentage 
of book value 
Planers 
Milling machines 
Shapers and slotters 
Lathes 
Drill presses 
Gear cutters 
Boring mills 
Screw machines 


Group I 


{ Buffers and polishers | 
Filing machines 

Small grinders 

| Woodworking machines 

| Drop hammers } 


Group II 


Shears 
Punch presses 
Large grinders 


Heat-treating furnaces................. 8 


Group III 
Group IV 


The figures given in these tables may not check with those 
in similar industries but they give some idea of what may be 
expected in an industrial plant having as widely varying activi- 
ties. 
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Inspection Methods and Quality Control in 
the Manufacture of Aircraft-Engine Parts 


By HUGH W. ROUGHLEY,! PATERSON, N. J. 


tion department in a manufacturing organization was 

considered a good talking point and a novelty to show to 
visitors going through the factory; aside from that, it was con- 
sidered one more item of overhead expense. Within the last 
decade, however, manufacturers carrying on quantity production 
have recognized the importance of efficient inspection throughout 
all processes of fabrication and assembly. The purchasing de- 
partment must have assurance that raw material is in accord- 
ance with purchase order and specification requirements; manu- 
facturing-department costs must be held down to a minimum by 
the rejection of defective parts in the early operations rather than 
permitting a part to be completely finished only to be rejected 
at final assembly; and, most important of all, the engineering 
department must know that each part going into the finished 
product is in accordance with blueprint dimensions and material 
specifications. 

In the manufacture of Wright aircraft engines, inspection is 
of paramount importance. From the time the raw material 
enters the factory until the finished engine is finally tested and 
packed for shipment, all raw material and every operation in 
the process of manufacture is subjected to the exacting scrutiny 
of a large force of specialists, men adequately trained to carry on 
the exact inspection found necessary through long experience in 
the manufacture of reliable aircraft engines. 


é koe was a time not so many years ago when the inspec- 


INSPECTION OF Raw MATERIAL 


Going into detail we shall first take up inspection methods 
covering raw material. Bar stock, forgings, castings, etc., which 
will meet chemical and physical requirements and at the same 
time be free from seams, cracks, laps, blow-holes and mis-runs, 
are carefully inspected upon receipt. All purchased material 
is delivered to the inspection department, accompanied by re- 
ceiving reports identifying the material as to size, specification, 
and quantity. After checking material for quantity, size, and 
certified chemical properties against the purchase order, it is 
then checked against the bill of material and also against the 
drawing to insure its conformance with engineering requirements. 

In the case of bar stock, if purchased heat-treated, 100 per cent 
hardness test is made on both ends of each bar on either a Brinell 
or Rockwell testing machine. Tensile tests pieces are made on 
each lot of material and tested to insure physical properties called 
for in the drawing or specification. Bars are carefully inspected 
for seams and cracks, any bars showing imperfections being re- 
jected. Each accepted bar is stamped with specification num- 
ber and lot number on each end in order to positively identify 
material from the raw state to the finished product. An exact 
record is entered in the metallurgical log book, giving specifi- 
cation number, lot number, heat number, amount of material 
received, amount of material accepted, amount of material re- 
jected, and name of vendor. 

In addition to stamping specification number and lot number, 
each bar is painted its entire length with the color combination 
designated for its particular material specification. This fur- 


1 Quality Manager, Wright Aeronautical Corporation. 
Presented at the Second National Meeting of the A.S.M.E. 


gry Shop Practice Division, Cincinnati, Ohio, September 24 to 
1928, 


nishes a convenient method of identification in the stock room 
and through the manufacturing departments so that the identi- 
fication of material which is not up to requirements is possible 
at any stage of production, from raw material to finished prod- 
uct. For instance, twenty-three different grades of steel are 
purchased for various parts of Wright engines—tough steel of 
low carbon content to be case-hardened for piston pins, knuckle 
pins, and gears; high-speed tool steels, tungsten and cobalt chrome 
for exhaust valves and guides; high-carbon chrome nickel and 
high-carbon vanadium steels for highly stressed parts such as 
connecting rods, studs, bolts, and nuts; carbon steel for washers, 
keys, pipe flanges, etc.—most of which is received in long bars 
of identical appearance, so far as quality is concerned. It is 
evident, therefore, that positive identification of material is of 
the utmost importance. 


INSPECTION OF FoRGINGS 


Inspection of forgings is carried out along lines similar to in- 
spection of bar stock. Extraordinary care is given to the in- 
spection of crankshaft, connecting-rod, and rocker-arm forgings, 
inasmuch as they are subjected to extremely high stresses. 

In order to meet the exacting engineering specifications for 
crankshaft forgings it is necessary to have the steel manufac- 
turers make special heats. After the heat has been poured, sev- 
eral chemical analyses and a number of metallographic examina- 
tions from different sections of the ingot are made, after which 
those acceptable are cropped at each end, using only 50 per 
cent or the center portion. This is done in order that only 
steel of the highest quality, free from slag, pipes, and non-metallic 
inclusions, will enter into forgings for crankshafts. 

At the forge shops inspection again plays its part. The first 
shaft off the dies is sectioned through its center line and deep- 
etched in 50 per cent hot hydrochloric solution to show structure. 
The flow-lines in the shaft are then studied by the metallurgical 
department and, if approved by the chief metallurgist, the forge 
ship is permitted to proceed with the order. To produce crank- 
shafts to meet these exacting requirements, expensive breakdown 
and edging dies are required in addition to finish-forging dies. 

After heat treatment, each forging is given a serial number and 
is brinelled on each end and in each cheek. If the hardness is 
uniform, tensile and impact tests are made from each end of the 
shaft and portions of the impact specimens are polished and care- 
fully examined under a high-powered microscope in order to de- 
termine that shaft has been properly heat-treated. A photo- 
micrograph is then made and filed with the record of each indi- 
vidual shaft which already contains the heat number of the steel 
used, the chemical analysis of the heat, and the physical proper- 
ties, thus giving a complete history of each shaft. After shafts 
are completely machined they are again brinelled on each cheek 
in order to insure that proper heat-treatment penetration has 
been accomplished. After final inspection for dimensions, shafts 
are again carefully inspected with a magnifying glass and high- 
powered binoculars. 

A careful record is kept on file in the inspection-department of- 
fice showing the engine number, the serial number of the crank- 
shaft installed therein, and the complete history of the shaft from 
the time it was forged, including part number, heat treatment 
received, and final physical properties obtained at the time the 
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specimens of the particular shaft were tested at the forge shop. 

Steel for connecting rods has the same requirements as that 
for crankshafts and the rods are given the same inspection at the 
forge shop, being carefully examined for imperfections. Upon 
receipt at our factory each connecting-rod forging is given a 
serial number in order that it may be identified as to heat of steel 
used in its fabrication, vendor supplying the steel, and vendor 
making the forging. 

Connecting-rod forgings are rough-machined, heat-treated, 


Fie. 1 ExaminineG Master Rop Wits 32-Power Brinocvu- 
LARS 


Fic. 3. Trestine Piston Rings For TENSION 


and again carefully inspected for any small seams which did not 
show up previously. Physical tests are then made as follows: 
The rods are carefully brinelled and if within the hardness limits, 
one tensile specimen and one double-notch izod impact test 
specimen are made for each five treated. In ordinary commer- 
cial practice, only one tensile test is made for each furnace 
charge, which usually comprises in the neighborhood of 150 rods. 
After rods are completely machined and polished, they are given 
a final inspection for small imperfections under a strong magnify- 
ing glass and a high-powered microscope. (See Fig. 1.) At the 
same time a final check for hardness is made in order to eliminate 
the possibility of incorporating an unheat-treated rod in an 


engine. 


Rocker-arm forgings are ground to remove flash and rough- 
finished all over. They are then heat-treated and all of the scale 
and surface imperfections of any nature are removed by scratch- 
brushing and sand-blasting. This is a very difficult operation 
to perform, owing to the fact that the rocker is of the I-beam- 
section type. Rockers are then carefully inspected for any im- 
perfections and given a 100 per cent hardness test before being 
finish-machined and finally inspected for imperfections on the 
finished surfaces. 


Fic. 2 Cuecxinc Free Heicut anp Sotip Heicut on Sprinc- 
WEIGHING MACHINE 


Fie. 4 Laytne Out Cy.inper-Heap Castine To InsuRE Boss 
DIAMETERS AND WALL THICKNESS MEET DRAWING DIMENSIONS 


INSPECTION AND MANUFACTURE OF SMALL Parts 


Piston-pin stock is rough turned on the outside diameter, bored 
out, cut off, heat-treated, sand-blasted, checked for hardness, 
and examined for seams. After pins are finished ground they 
are lapped to a high-grade finish on a production lapping machine. 

Numerous small parts having a hardness above 350 Brinell 
are machined from annealed bar stock, then heat-treated, and 
finally given a 100 per cent test for hardness, a representative 
number of tests being made to insure proper heat treatment. 
This procedure applies alike to gears, push-rod ball ends, washers, 
special studs, ete. 
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Connecting-rod bolts are classified along with crankshafts 
and connecting rods and are made of steel with identical speci- 
fications, requiring tensile and impact testing. In order to be 
sure that the material for these bolts is free from the slightest 
imperfection, the bolts are machined to within '/;:-in. of finished 
size and inspected under a microscope. 

In order to conserve production facilities, some parts are pur- 
chased completely finished. This practice also gives us the ad- 
vantage of the vendor’s years of specialization on a certain prod- 
uct. All parts purchased, however, are manufactured by the 
vendor to our specifications and are carefully checked against 
blue-print and specification upon receipt. 

Valve springs, which ordinarily appear to be of secondary 
consideration, receive a careful inspection as to diameter of wire 
and careful check for spring load at proper compression height 
and also at solid height. In order to make accurate check of 
this, it was necessary to build a special spring-weighing machine. 
(Fig. 2.) 

Piston rings might also appear of relative unimportance as 
long as their width and diameter check with the blueprint. 
As a matter of fact, however, the piston ring is one of the most 
important internal parts of an aircraft engine. Rings must be 
perfectly round and have at least 95 per cent bearing against 
the cylinder wall when installed on a piston assembly. To test 
this condition, a specially constructed light testing gage is used 
which should show contact throughout the entire circumference. 
The wall pressure is also of major importance and in order to 
check this condition accurately, it was necessary to provide an 
attachment to be used in connection with a sensitive scale. (Fig. 
3.) All piston rings are inspected 100 per cent for dimensions, 


Fie. 5 100 Per Cent Inspection Arrer ALL MACHINING 
OPERATIONS AND ENAMELING BEForE Matin CrankcasE Is 
DELIVERED TO FINISHED STORES 
(Note gages required for rapid inspection.) 


weighed for wall tension, which should range from 8 to 11 lb., 
and tested in a light gage to insure perfect bearing against cylin- 
der walls. Rings failing to meet any of the above requirements 
are rejected. 


INSPECTION OF CASTINGS 


Rigid inspection of castings is of utmost importance in main- 
taining standards of quality. Nine different aluminum alloys 
and eight different bronze alloys are used and a careful inspec- 
tion of castings is inaugurated immediately after the castings 
are knocked from the molds. Each casting and each test bar is 


MACHINE-SHOP PRACTICE 
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stamped with its heat number in order that identification of 
material may be positively established. The inspector then 
fills out the log sheet for the particular heat, showing the heat 
number, the different elements going to make up the charge 
for a particular alloy, the furnace temperature, the pouring tem- 
perature, the part number of each piece, the number of pieces 
poured, and the number of pieces accepted on preliminary in- 
spection. 

Of the nine different aluminum alloys used, seven are tested 
for physical properties in the condition as cast and tensile tests 


Fie. 6 Corner or ONE OF THE FINAL-INSPECTION CRIBS 


are made each day for each alloy, representing a single day’s 
production. The two other aluminum alloys, which are used 
in casting crankcases and cylinder heads, require heat treatment 
in order to obtain maximum physical properties. All heat- 
treated castings are stamped with heat number of the melt and 
lot number representing the particular heat treatment. In this 
way any castings which fail on test to meet the physical require- 
ments can be properly identified for rejection. 

After being thoroughly cleaned and sand-blasted, castings are 
given a final inspection and all cylinder heads, pistons, crankcase 
rear sections, and manifolds are pressure tested in order to insure 
sound castings and then very carefully inspected for mis-runs, 
shrinkage cracks, and ‘‘coldshots.” 

It is of the utmost importance that periodic layout inspections 
be made on all castings in production. Even though many of the 
patterns are of metal construction throughout, the periodic lay- 
out inspection is carried out in order to insure uniform wall 
thickness and conformance with drawings. (Fig. 4.) 


INSPECTION DurING MANUFACTURE 


Throughout the manufacture of the various parts, a large 
force of floor inspectors is required in order that each piece may 
be checked by an inspector who is familiar with that particular 
operation before an operator is allowed to proceed with the re- 
mainder of the order. In addition to this, the floor inspector 
floating among the various machines in his department checks 
pieces from time to time to see that quality standards on the 
particular part are maintained. Before a particular order for 
a certain operation is allowed to be moved to the next depart- 
ment for the succeeding operation, the inspector signs the back 
of the work order to show that he has checked the first piece and, 
in addition, has fair assurance the greater percentage of the work 
is in accordance with the quality standards set for that particular 
part. 
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Any parts found defective on floor inspection are rejected and 
delivered to the salvage department, the number of parts so re- 
jected being deducted from the order. Floor inspectors are also 
on the lookout for seams, blow-holes, or flaws of the most minute 
character and if it is found that a large percentage of the parts 
are in such condition, the job is stopped and the entire lot of this 
particular material is rejected and delivered back to rough- 
stock inspection where it is put through a careful inspection, 
only such material as shows no defects whatsoever being placed 
back in rough stores. 

A number of major parts, such as crankcase sections, receive 
100 per cent inspection on each operation. On items of this 
kind each acceptable operation is stamped with the inspector’s 
number. 

This marking insures the operator taking up the next operation 
that previous operations are in accordance with the drawing 
dimensions and quality standards. However, aluminum alloy, 
known for its peculiar tendency to change its shape and size after 
the removal of stock from certain sections, necessitates 100 per 
cent inspection after each machining operation and the enamel- 
ing operation which requires heating the crankcase to 200 deg. 
fahr. for approximately two hours in order to bake the enamel 
and give an acceptable finish. (Fig. 5.) 


FINAL INSPECTION 


Upon completion each engine part is thoroughly washed and 
cleaned and sent to one of several final inspection cribs where it 
is given 100 per cent final inspection. The inspection cribs are 
well lighted, well ventilated, and equipped with the most modern 
precision instruments, such as thread comparators with high 
magnification for accurately checking pitch, diameter, and lead 
of threads, fluid gages, and amplifying gages for detecting taper 
or-out-of round condition on close-dimensioned parts. (Fig. 6.) 

Each acceptable piece is stamped by the inspector, each in- 
spector using his own identification number, so that any part 
can be traced back to the inspector making final inspection. 
In the case of hardened pieces, the inspector’s number is etched. 

Parts which pass final inspection are delivered to finished stores 
for issue to the assembly department. After assembly each en- 
gine is given a production test, following which it is disassembled 
and all parts carefully examined for defects which might have 
developed while the engine was being operated under power. 
The engine is then reassembled and, after final test, is thoroughly 
washed and cleaned and given a final inspection for appearance 
and check against the sales order as to accessories furnished 
before being sent to the packing department to be ready for 
shipment. 


4 
] 
pa 
er: 
of 
itt 
an 
de: 
ger 
Co 
we 
| as 
pos 
wa 
gui 
duc 
gea 
| dor 
Th 
anc 
spe 
| con 
tior 
Th 
and 
con 
bra 
| the 
in 
| and 
oy, I 
4 
| A 
barr 
| and 
the 
espe 
F 
typi 
the 
Velo 
true 
1 
Elec! 
Pr 
Prac 
Buff, 


High-Speed Gearing 


Some of the Requirements of High-Speed Reduction Gears and How They Are 
Attained Commercially 
By IRA SHORT,! SOUTH PHILADELPHIA, PA. 


T IS A KNOWN fact that steam turbines, in order to attain 
| their maximum efficiency, must operate at comparatively 
high speeds, and that for the same reason some of the ap- 
paratus which they drive, such as pumps, propellers, d.c. gen- 
erators, ete., must operate at much slower speeds. Some method 
of speed reduction must therefore be employed, and in order for 
it to be successful it must be efficient, silent in operation, reliable, 
and of long life. All of these requirements are met in correctly 
designed and carefully manufactured helical-tooth gearing. 

The points brought out in this paper are limited to reduction 
gears furnished by the Westinghouse Electric and Manufacturing 
Company, which up to the present time has built more than 
3000 geared units ranging from 5 to 32,500 hp. and totaling 
well above 2,500,000 hp. 

The first gear manufactured by the company, shown in Fig. 
1, was a 6000-hp. experimental one built in 1909. It was neces- 
sary to have the pinion and wheel for this gear cut in Germany 
as there was no machine in this country large enough for the pur- 
pose. The test of the gear was very successful, and the efficiency 
was found to be more than 98 per cent. It is customary to 
guarantee an efficiency of from 97.5 to 98.5 per cent for single-re- 
duction gears, and from 95 to 97 per cent for double-reduction 
gears. 

Fig. 2 shows the results of an efficiency test of a 1500-hp. 
double-reduction gear reducing from 3360 r.p.m. to 90 r.p.m. 
These tests were run by connecting a turbine first to a water brake 
and carefully calibrating the former for various powers and 
speeds with a given steam condition. The turbine was then 
connected to the same brake through two sets of identical reduc- 
tion gears, the slow-speed shafts of which were bolted together. 
The high-speed pinion of one gear was connected to the turbine, 
and the high-speed pinion of the other to the brake. Then by 
operating the turbine under duplicate conditions as when direct- 
connected to the brake, the difference in power absorbed by the 
brake, with the gears in use, indicated the loss of power due to 
the gears. Assuming the loss of each gear to be equal, the curves 
in Fig. 2 show how the efficiency of a gear varies with the load 
and speed. 

In running this efficiency test care was taken to maintain the 
viscosity of the oil constant, as it was found that the gear loss 
was almost directly proportional to the viscosity of the oil. 


AcTION OF GEARS 


A correctly designed gear should, if properly operated and 
barring accidents, have a life equal to that of the driven 
and driving machines. Correct design proportions insure that 
the parts will be amply large to transmit the power. This is 
especially true as regards the teeth. 

Fig. 3 represents a section of a pair of meshing teeth in three 
typical positions. Figs. 4 and 5 are the velocity diagrams for 
the positions c and a. At position b the lines representing the 
Velocity of the pinion and wheel will coincide, or there will be 
true rolling and no sliding. From these figures it can be seen 


‘Marine Engineer, South Philadelphia Works, Westinghouse 
Electric & Manufacturing Co. 

Presented at a joint meeting of the A.S.M.E. Machine Shop 
Practice Division and the American Gear Manufacturers Association, 
Buffalo, N. Y., October 12, 1928. 


that the motion between the teeth is a combination of rolling 
and sliding, and that while the rolling is always in the same di- 
rection, the sliding is toward the pitch line on the wheel tooth 
and away from the pitch line on the pinion tooth. 

The action may be summarized as follows: 


ROLLING SLIDING 

Pinion tooth, Fig. 6....... Root to tip Away from pitch line 
Wheel tooth, Fig. 7........ Tip to root Toward pitch line 

This is shown diagrammatically in Figs. 6 and 7, the straight 
arrows showing the direction of sliding and the curved arrows 
the direction of rolling. An examination of these diagrams shows 
that with gear teeth there are only two types of motion, namely, 

a Fig. 8, rolling combined with sliding, both being in the same 
direction; and 

b Fig. 9, rolling combined with sliding, in opposite directions. 


Fie. 1 6000-Hp. ExpeRIMENTAL GEAR 


Further, it will be seen that above the pitch line both on the 
pinion teeth and on the wheel teeth the motion is of the (6) type, 
while below the pitch line it is of the (a) type. 

Above the pitch line the action will be conducive to the produc- 
tion of a polish, but below it the conditions will not be so favor- 
able. The following may be approximately what occurs; Be- 
cause of the elastic nature of the material the slipping will be 
more or less jerky, thus tending to form the surface material 
into small ridges. Below the pitch line the motion will tend to 
leave these ridges behind, while above it the motion will tend 
to smooth them out. This action is represented diagrammati- 
cally in Figs. 8 and 9. 

Tests have shown that abrasion is much more rapid with the 
(b) type of motion than with the (a) type. 


Wear or Gear TEETH 


There are two distinct types of abrasion or wear occurring at 
the meshing faces of gear teeth: 

1 A regular change in the shape of the tooth profile, and 

2 The formation of a number of cavities or pits on the tooth 
face. 

A good illustration of the first type of wear is shown in Fig. 10. 
This is reproduced from a photograph of an ink impression 
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made from some worn pinion and gear teeth. The original tooth 
shape has been drawn in to show better the wear that has taken 
place. It will be seen that the wear varies considerably over 
the profile, and is greater below the pitch line than above. 

Even with the great amount of wear indicated, these teeth 
meshed together well as indicated in Fig. 11, and seem to have 
developed an “enveloping” tooth which has been tried out in 
an endeavor to obtain more contacting tooth surface. 

There is considerable wear at the tips of the gear teeth, but 
very little at the pitch line. It has been found in several in- 
stallations that the metal flowed because of the combined roll- 
ing and sliding action until the thickness of the gear teeth at the 
pitch line after being in operation for some time was actually 
greater than when the gear was originally put in service. And 
it is believed that the metal flowing from the tips of the gear 
teeth has maintained the pitch-line thickness very close to the 
original thickness. It is also found that the (a) type of motion 
drags metal off the pinion teeth, forming what is generally termed 
a “wire edge.” 

Wear such as that indicated here is usually due to the failure 
of lubrication of the teeth, allowing metal-to-metal contact. 
This particular gear was subjected to considerable vibration from 
the propeller, which seems to have punctured the oil film and so 
hastened the abrasive action. 


Wear ro Pirrina 


Consider now the second type of wear, which is the formation 
of pits or cavities on the meshing faces. This formation has 
been explained in a number of ways such as actual seizure of the 
metals, pulling the metal out from one surface; explosive action 
of a particle of oil between the teeth, burning the tooth surface; 
and fatigue of the metal. 

Fatigue of the metal seems to be the best explanation of this 
formation. The conditions are such at the point of contact be- 
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Horsepower Transmitted 


Fie. 2. Erricrency Test or 1500-Hp. Gear 


tween two meshing teeth that it is difficult to form an exact idea 
of the actual stresses set up. The stresses have been investigated 
by photoelastic methods, and it appears that a maximum shear 
stress occurs a short distance below the surface, and travels along 
with the point of contact. Should there be any slight imper- 
fection in its path or some irregularity on the meshing surfaces, 
the stress will be considerably increased and by repeated appli- 
cation will cause a fatigue crack, and finally a pit. 

Fig. 12 shows a photomicrograph of a pit. A small triangular 
piece was cut from a tooth, the pitted surface being on one side 
of this triangle. This was mounted in some low-fusing alloy 
and the whole polished together so that the edge of the specimen 


where this pitting occurred would not be disturbed by the polish- 
ing and the character of the metal at the extreme edge of thy 
pitting could be studied. A peninsula of metal is seen standing 
out between pits and a distortion of the grains is evident at this 
point, the body of the steel being apparently normal. 

A gear that has been in service for some time generally develops 
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a row of scattered pit marks along the pitch line of the gear teeth, 
and more or less widely scattered pitting on both the pinion and 
gear teeth. The row of pitting along the pitch line of the gear 
teeth is probably due to the excessive pressure carried at this point 
because of the building up of the metal. The scattered pitting 
is probably due to other high spots on the pinion and gear, with 
a resulting high pressure at these points. When it is remembered 
that in the generation of the involute curve by a series of cuts by 
a flat surface as indicated in Fig. 13 there are miniature corners 
left, it is possible that a corner of the gear tooth comes in contact 
with a corner of the pinion tooth. 

Pitting is considered to be in the nature of a corrective agency 
as metal is removed from the high spots, allowing the surrounding 
area to carry their share of the load. It is found that pitting 
generally starts on a new machine shortly after it is put in ser- 


Fic. 10 Worn 


Fig. 11 Mesuinc or Worn TEETH 


vice, and gradually decreases and finally stops completely after 
a few months. 


ALLOWABLE LOADING OF TEETH 


In practice, if correct alignment is maintained to insure uniform 
tooth contact, a tooth pressure of 100 Ib. per lineal inch of width 
of face per inch of pitch diameter can be safely carried. With a 
5-in. pinion a pressure of 500 lb. per inch of face can be used, and 
with a 10-in. pinion, of 1000 lb. A pressure of 320 Ib. per inch of 
face per inch of diameter has been carried with no signs of failure. 

The allowable load that can be continuously carried on a gear 
tooth is directly proportional to the radius of curvature of the 
contacting teeth. The radius of curvature of the tooth changes 
from the base to the tip, but for all practical purposes can be 
taken as being directly proportional to the pitch diameter. 
The pinion tooth, having the smaller radius of curvature, is more 
highly stressed and limits the allowable load. 


MSP-50-16 


In addition to the stress at the contacting surfaces, the tooth 
can be considered as a cantilever beam, and the tooth load tends 
to break the tooth at the root. If the number of teeth in the 
pinion is maintained constant with various diameters, the stress 
at the base of the teeth will be constant if the load is varied 
directly as the pitch diameter. 

For some time a tooth shape that was much broader at the 


Fic. 12 PHOTOMICROGRAPH OF A Pit 


Fig. 13 GENERATION OF INVOLUTE 


base was used to prevent tooth breakage. This was developed 
with a standard hob by cutting one less tooth than that corre- 
sponding to the blank diameter. If the blank was the theoretical 
diameter for, say, 27 teeth, then 26 teeth would be cut. This 
was designated as a “‘long-addendum tooth,” as the pitch line was 
lower than standard. 

Theoretically there is less sliding with a long-addendum tooth 


{> 


ng 
= SS 
4 


8 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


than with a standard tooth. The teeth in the position a in Fig. 
3 are well lubricated as the cavities between the approaching 
teeth are filled-with oil. When the teeth reach the position 
there is rolling and the oil supply has been cut off by the following 
teeth, and from b to c, lubrication is poor. With the long-adden- 
dum tooth the period of time between a and b was decreased and 
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the time between b and c was increased. The result was that 
lubrication of the teeth failed, and “scoring” or “galling” took 
place at the root of the gear tooth and the tips of the pinion 
teeth. 

All gears with this type of tooth scored to some extent. Some 
stopped after one or two scrapings, while others continued to 
score. Some were remedied by turning off the tips of the pinion 
teeth to remove the metal causing excess sliding. The design 
was changed on other gears and a standard tooth shape was 


adopted, or the correct number of teeth corresponding to the 
blank diameter was cut. 

It was found that scoring would take place on the second re- 
duction of double-reduction gears more so than on the first. The 
relative amount of sliding and loading on each was the same. It 
would be thought that the high velocity of the first reduction 
would cause scoring, but it is now believed that the second-reduc- 
tion teeth were in contact long enough to pierce the oil film, 
while the high-speed teeth, being in contact only about one-sixth 
as long, did not have time to do this. 

Photoelastic studies have shown that teeth with a small radius 
at the root have a very high stress concentration at the base of 
the tooth. Special hobs having the straight sides of the cutting 
edges joined with a radius instead of being cut off flat on top 
generate a tooth with a large radius at the base and eliminate 
this high stress concentration. 


ImporTANCE OF Correct ALIGNMENT 


Correct alignment is essential to prevent overloading of the 
tooth surface. If the teeth are in line the tooth contact can 
be represented by the line ed, Fig. 14, where the pressure P is 
uniform across the face and the total pressure is ab X ac. If 
misalignment occurs the load may be carried by only that portion 
of the face represented by eb. For the same speed and power the 
area of the rectangle acdb must equal that of the triangle eb. 
Therefore 


2ab 
cb 
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ab X bd = '/,eb X bf or z 


If we assume eb equal to */, ab, then 


= 267 


bd 3 


" This shows that on any gear where misalignment is likely to 
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Fie. 19 Foraine For I-Beams 


occur the allowable tooth pressure, assuming uniform contact, 
must be kept low to insure that the pressure under misalignment 
conditions will not be excessive. 

When the power and speed are such that the face width of 
each helix need not be over about one pinion diameter, the pinion 
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and wheel may be supported in bearings rigid with the housing if 
the designed pressure is not too high. 

Our practice is to make all gears below about 500 hp. of rigid 
or fixed-bearing design. Above 500 hp. we use the floating-frame 
design which allows the pinion to automatically maintain correct 
alignment with the gearwheel. 

With rigid bearings a certain amount of misalignment is ex- 
pected with the resulting concentration of load. The two 
shafts may be aligned perfectly to give uniform loading with a 
uniform temperature of the housing. The housing is apt to 
be distorted either from bolting it to its seating, or the bearings 
may operate at different temperatures, causing one corner of the 
housing to raise more than another. It requires only a very 
small amount of misalignment to cause concentration of load. 

With turbine-driven gears the pinion runs at speeds of from 
3,000 to 10,000 r.p.m. At high pitch-line speeds trouble may be 
experienced in lubricating the gear teeth as the centrifugal force 
throws the oil off the teeth. Also any hammer blow due to slight 
inaccuracies of the contacting teeth varies as the square of the 
velocity of the teeth. The pitch-line speed is generally held be- 
low 120 ft. per sec., although speeds of 140 ft. per sec. are not 
unusual and speeds as high as 200 ft. per sec. have been used. 

The pitch-line speed limits the pinion diameter for any speed 
of revolution, and for increased power at that speed it becomes 
necessary to increase the face width. A face width as high as 
five pinion diameters has been used, although the maximum is 


Fie. 20 Use or Brock Gaczs 


generally held to four diameters or less. A long pinion is liable 
to have concentration of load at the ends of the face on account 
of deflection between the bearings. With a total face width of 
more than three diameters a center pinion bearing is necessary. 
QAll high-speed gears at the present time are cut with helical 
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teeth as the tooth action is much smoother than is possible with 
spur gears. The teeth slide into mesh instead of coming into 
mesh abruptly as do spur gears. The helical angle varies from 
20 deg. to 45 deg. 

With helical teeth the actual tooth pressure is normal to the 
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Fic. 21 Section oF Frame SuHowine System 


Fic. 22 Gear Hopper 


tooth as represented by AN in Fig. 15. This force can be as- 
sumed to be divided into two components, AB parallel to the 
axis and AC tangential to the pitch line and normal to the axis. 
The force AC is the tooth pressure generally spoken of with 
reference to gears. 


| 
GY g 
E = =" 
G \ Y 
NN 
NAY 
: 
SS 
Wass SS ae 


see: 10 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
‘ The pinion is generally connected to the drive with a coupling The horizontal component of the tooth pressure is carried by I 
4. allowing free axial motion. Therefore AB will be equal to A,B,, _ struts at either end of the pinion frame. These struts limit the ri 
: and as the helical angles on the two helices are equal, AC will be motion of the frame to a vertical plane in the case of a side-pinion \ 
. equal to A,C;. The loads carried by the two helices will then be gear. The correct center distance is obtained by calculation. t 
‘ equalized. On either end of the pinion and wheel are turned collars a little ‘ 
If the tooth pressure is uniformly distributed across the face below the root of the teeth. Block gages are made which when t 
this tooth pressure can be considered as concentrated in the just fitting between the collar indicate the correct center distance. t 


center of the helix or equidistant from the center of the pinion 
as shown in Fig. 16. 
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If there is misalignment the conditions will be as represented 
by the triangle in Fig. 14, or it can be considered as A concen- 
trated at distance Y and B at distance Z from the pinion centers, 
Fig. 17. 

It has just been shown that the total pressures on the two heli- 
ces are equal, therefore with misalignment there is a resulting 
moment AY — BZ tending to rock the pinion about the center 
bearing to bring it back into line. If the pinion is supported 
at the center in such a way that it is free to rock it will automati- 
cally align itself. 

This may be accomplished in a practical manner by supporting 
the pinion as shown in Fig. 18. The pinion is supported by three 
bearings which are mounted in a heavy frame. This frame is 
very rigid in order to maintain the three bearings in alignment. 
The frame is fastened to the gear housing by means of two I-beams 
the top web of the beam being bolted to the frame and the lower 
web to the housing. The flexure of the vertical web of the I- 
a beam allows a limited rocking motion of the frame with very 
little restriction. 

The movement of the frame is minute and may be only in 
the neighborhood of 0.001 in. at the end of a 4-ft. pinion, thus the 
bending stress in the web of the I-beam is very low. The web is 
in either tension or compression to the extent of the tooth pressure. 
This amounts as a rule to less than 10,000 Ib. per sq. in. The I- 


y beams are made of forged steel and are annealed after being 
rough-machined to approximate size. 

It is known that the weakest part of a forging is at the center. 
Forgings for these I-beams are therefore made large enough to 
machine into two I-beams as indicated in Fig. 19, the center 
part being then discarded, leaving sound metal for the vertical 
web of the I-beam. 


The struts are adjustable to allow this block gage to just fit 
below the collar, as shown in Fig. 20. 

It is sometimes thought that this frame is intended to com- 
pensate for inaccuracies of gear cutting. This is not the case as 0 
the frame is only supposed to take care of misalignment between 
the pinions and wheel. It has been found, however, that inac- 
curacies in gear cutting are indicated by a working motion of 
the frame with each revolution ot the wheel. If such is found to 
occur the teeth are recut to correct the error, and if necessary 
the hobbing machines are corrected. 

In comparing the tooth pressures on different gears, the prob- 
ability of misalignment must be considered with its resultant 
load concentration, also the total load-carrying surface of the 
tooth. If we take a pair of gears with teeth of normal height 
and turn the tips off the pinion and gear teeth until the working 
depth of the teeth is about one-half what it was at first, we shal! 
have doubled the tooth pressure per inch of contact on the tooth, 
even though the tooth pressure per lineal inch of face is the same 


LUBRICATION OF TEETH 


The gear teeth must be copiously supplied with oil to maintain 
an oil film between the contacting teeth and to carry the heat 
away from the pinion in order to maintain it at the same tempera- 
ture as the gearwheel. The pinion teeth, being in contact more 
often than the wheel teeth, tend to heat up more, and unless the 
heat is carried away the pitch of the pinion teeth will not agree 
with that of the wheel teeth. 

In order that the pinion shall be well bathed in oil without 


or Master WorMWHEEL 


Fig. 24 ConsTRUCTION 


circulating an excessive quantity, the oiling system shown in 
Fig. 21 has been adopted and has proved very satisfactory. (il 
is admitted to the frame through a flexible oil connection from 
the housing, and flows into a passage which extends for the full 
length of the frame, supplying oil to the three pinion bearings 
and to the teeth. Oil is supplied to the teeth from oil pans formed 
in the pinion frame. 


With correct alignment and well-lubricated teeth the life of « 
gear is indefinite. Gears with self-aligning floating frames an 
lubricated as described above have been in practically constant 
service since 1911 with no appreciable wear of the teeth. The 
marks left when the high spots were scraped off on first starting 
the machine are still visible. 

If, however, the teeth are subject to severe vibration due to 
misalignment of the coupling connection to the driving or driven 
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machine or to torsional disturbance from either, the teeth will 
deteriorate. It will generally be found that the deterioration 
will go only so far until the teeth will have taken a new form such 
that more surface is supporting the load. This was found to 
occur with the gear of Fig. 10. It will be noted from Fig. 11 that 
there is a large surface supporting the load instead of a line con- 
tact. 


In GEARS AND Its ELIMINATION 


Experience has shown that noise from a gear can be traced to 
one or more of the following sources: 


1 Errors of hobber reproduced in gear. 
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Fic. 27 150-Hp. Gearep TuRBINE 


2 Variable deflection of gear teeth with phases of tooth con- 
tact. 
3 Vibration transmitted from connected machines. 


Fig. 22 shows a gear-hobbing machine, and in Fig. 23 its gearing 
is shown diagrammatically. It is necessary that the accuracy 
of this machine be as great as possible, because any errors in it 
will be reproduced in the gear that is being cut. This is especially 
true of the master wormwheel which rotates the gear blank while 
it is being cut. If the circumferential pitches of the teeth are 
not equal in the master wormwheel, the teeth being cut will not 
be pitched accurately and the result will be a noisy gear. 

Fig. 24 shows the construction of the master wormwheel used 
in order that the errors of circumferential pitch shall be the mini- 
mum. By having the wormwheel split as indicated, one half 
can be revolved with reference to the other half. It is originally 
cut on the same machine or a similar one on which it is to be used 
by a hob which is a duplicate of the worm which will drive it. 
One half of the wheel is then turned 180 deg. with reference to the 
other. The teeth are matched up on one side, and if spaced ac- 
curately all teeth will match. The amount the teeth overlap 
indicates the accumulation of circumferential error in pitch. 

The wormwheel isthen bolted together and doweled. Itisplaced 
in its position in the hobbing machine and driven by a cast-iron 
worm. Abrasive is placed between the teeth which grinds away 
the overlap. The halves are again separated and turned, say, 
90 deg. or until the maximum overlap in error is determined, and 
the teeth are again lapped in. Each lapping reduces the existing 
error approximately one-half. The process is repeated with 
different relative positions of the two halves until no appreciable 
error can be found. 

The machine is then assembled with a bronze worm made to 
fit the teeth of the wormwheel. 

The hobbing machines are checked occasionally with test rings 
made in halves, similar to the master wormwheels. These rings 
are generally 100 in. in diameter and are cut with any convenient 
number of teeth. For convenience in measuring the error, spur- 
gear teeth are cut. One-half of the ring is then revolved until 
the maximum errror is determined. On a machine recently 
checked the maximum accumulative error on a 100-in. wheel was 
found to be 0.002 in. When it is considered that this wheel was 
cut with 400 teeth and an error in 200 teeth was then 0.002 in., 
or the error in pitch from tooth to tooth was only about 0.00001 
in., we begin to realize the accuracy of the machine. 

It has been found that the wormwheel driving the table should 
be supported on journals which are an integral part of the worm 
to insure against the worm’s revolving with an eccentric motion 
and thus causing the table to be accelerated and retarded with 
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Fie. 28 200-Kw. Gearep Unit 


Fie. 29 1000-Kw. Repuction Gear 


each revolution of the worm. Also the shaft driving the worm 
should be extra heavy to preclude torsional vibration, with the 
same result to the gear being cut. 

It is also desirable that the hob be supported on journals which 
are an integral part of the hob to prevent an eccentric motion of 
the hob. This is practically impossible owing to the cost of the 
hob. The hob can be tested for eccentricity after being mounted 
on the arbor of the hobbing machine, if the ends of the hob are 
ground true with the bore for about '/,in. from each end. 

In addition to the master wormwheel, all other parts of the 
machine are occasionally checked to see if the desired accuracy is 
maintained. The lead screw, for instance, which raises or lowers 
the hob is checked periodically and must not show an error ex- 
ceeding 0.0005 in. per foot in length. 

The change gears should be recut occasionally to insure that 
they transmit a uniform angular velocity. 

It has been found that the hobbing machine cannot be made 
accurate enough to prevent very small errors from being repro- 
duced in the blank being cut. 

With every revolution of the worm driving the table the gear 
blank is accelerated and retarded. This is because the worm 
does not transmit a uniform angular motion to the table. If 


there are 120 teeth in the master wormwheel this error will be 
repeated every 3 deg. This angle is termed the “angle of error.’ 
There is less error if a “Hindley” or hourglass worm is used, but 
the error cannot be entirely eliminated. 

It has been found, however, that the remaining small errors 
cannot produce a noise if care is taken to cut the gear on a 
machine having sufficient teeth in the master wormwheel to 
bring the “‘angle of error’’ well within the “angle of contact.” 
The angle of contact is that angle measured by the line of contact. 

With the angle of contact less than the angle of error, the 
angular velocity of either the pinion or wheel is continually 
varying, which sets up a sound wave for each error. If the angle 
of contact is greater than the angle of error, we bridge across the 
error and obtain a uniform angular velocity of both pinion and 
wheel. 

It has been found that unless the teeth are so proportioned as 
to give a constant deflection at all phases of engagement, sound 
waves will be set up because of this deflection. By making 
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the line of contact exactly two pitches long and also the face 
width of each helix an integral number of axial pitches wide, the 
tooth deflection will be constant. 

To obtain the best results, two or more cuts are required to 
finish the teeth. Generally the first cut finishes the tooth to 
within about 0.010 in. of the finished size, and the finishing cut 
brings the teeth to size. 

On the smaller gears of the rigid-bearing design the two helices 
of the gearwheel are cut in a single-piece rim. It has been found 
necessary to take the roughing cut on both helices before taking 
the finishing cut, otherwise the finished teeth on the first helix 
will be distorted by the roughing cut on the second helix. 

On the pinions of these gears it has been found desirable to 
rough-turn the bearings and faces and rough-cut the teeth before 
grinding the journals to size. The finish cut is made after 
grinding the journals, and the pinion is centered in the hobs to 
the ground journals to insure its running true. 

On all sizes of gears it is essential that the gear center be prop- 
erly annealed to relieve all internal strains and insure its keeping 
its shape after the teeth are cut. The wheels are generally built 
up of a cast-iron center, forged-steel shaft, and forged-steel 
rim. 

The rim is made of heat-treated carbon steel having 0.20 
to 0.30 per cent carbon. The pinions are made from heat-treated 
carbon steel having 0.50 to 0.60 per cent carbon. For the smaller- 
size gears pinion material can be purchased in bar stock ready 
heat-treated. The larger gears using the floating-frame construc- 
tion have a hollow pinion fitted with an internal flexible drive 
shaft of chrome-nickel steel. 


ANALYSIS OF GEAR NOISE 


To analyze the noise emitted from a gear it is necessary to be 
able to trace its origin in order to determine the cause. A 
very simple instrument for this purpose is shown in Fig. 25. This 
consists of a small portable cylinder and piston connected to ear 
pieces. The piston is moved in the cylinder until the air column 
in the latter is in resonance with the sound from the machine, 


Fie. 31 3000-S.Hp. Marine Repvuction Gear 


when the sound will be heard distinctly. In using this “reson- 
ator’ the length of the air column is first made very short and 
gradually increased in length until the maximum sound is heard, 
when the length of the air column is noted. The piston is then 
moved further until the same note is again heard, and the length 
of air column is noted. The distance between these two points 
is then exactly one-half wave length of the sound. Knowing 
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the velocity of sound to be about 792,000 in. per min. under 
average conditions and by noting the speed of the machine 
at the time of checking the sound wave, the sound waves per 
revolution can be determined from the formula— 


Velocity of sound, inches per minute 


Waves per rev. = 
” R.p.m. of machine X wave length in inches 


Knowing the waves per revolution, the source of the sound 
can generally be traced. A hobbing-machine error will generally 


Fie. 32 Mopet or 3000-S.Hp. Marine Repuction Gear SHOWN 
in Fig. 31 


Fic. 33. 5500-S.Hp. Marine Repuction GEAR 


show up as the same number of sound waves per revolution as 
there are teeth in the master wormwheel. 

On all gears a note will be heard corresponding to one sound 
wave per tooth on the wheel. This note can be reduced to a 
minimum by using the ‘even contact’? design, which insures a 
constant deflection of the teeth. 


Typical GEARS 


Fig. 26 shows a 50-kw. generator set. This has a fixed bear- 
ing gear having the gearwheel overhung from the generator 
shaft. Lubricating oil is supplied by a gear pump driven from 
the governor shaft. The speed reduction is from 7200 to 1200 
r.p.m. 

Fig. 27 shows a fixed-bearing gear usually employed with a 
steam turbine for pump or blower drive. It is often used with 
motor drive as a speed-up gear. When employed with a turbine 
the inboard turbine bearing is omitted and a rigid coupling used, 
making the turbine rotor and pinion a three-bearing set. This 
type of unit is used for powers up to 500 hp. An oil pump on 
the end of the gear shaft supplies oil to the gear and turbine 
bearings. 
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Fig. 28 shows a 200-kw. generator set comprising a fixed-bearing 


' geared turbine having the turbine rotor overhung from the pin- 


ion. These sets are built in sizes from 75 to 500 kw. An impel- 
ler on the end of the pinion serves as a governor for the turbine, 
and part of the high-pressure oil is used in an ejector for supplying 
the bearing oil. The reduction is from 6000 r.p.m. to either 1700 
or 900, depending on the generator used. 

Fig. 29 shows the type of gear used for the larger power-gener- 
ator drives and made in sizes of from 500 to 3000 kw. The re- 
duction is generally from a turbine speed of 3600 r.p.m. to either 
514, 720, 900, or 1200, depending on the characteristics of the 
generator. 

Fig. 30 shows a double-reduction marine gear to transmit 2000 
s.hp. on a single pinion with a reduction of 3680-438-90 r.p.m. 

Fig. 31 shows a double-reduction marine gear to transmit 3000 
s.hp. on two pinions with a reduction of 3340-585-90 r.p.m. 

Fig. 32 shows a one-eighth-size’ model of the gear shown in 
Fig. 31. 

Fig. 33 shows a double-reduction marine gear to transmit 
5500 s.hp. on two pinions with a reduction of 3500-578-95 r.p.m. 


Discussion 


"THE discussion of the paper took the form of a series of questions 
which, with their answers, have been summarized as follows: 
Nikola Trbojevich? asked whether we would use a fine or 
coarse pitch if we had a set center distance. He also asked 
if the strongest region of the gear is at the pitch line. Our 
practice with a fixed center distance is to use the smallest 
number of teeth in the pinion that will give an involute for the 
full tooth depth. We limit the number of teeth to a minimum 
of 31. With the “even contact’’ design it is generally necessary 
to increase the number of teeth by using a finer pitch. With 
the teeth having a large radius at the root the weakest part of 
the tooth seems to be the point of engagement. The teeth will 
generally wear out before breaking off. A well-lubricated tooth 
will show very little or no wear. Our experiments have shown 
no difference in the amount of noise with fine and coarse pitch. 
H. J. Eberhardt’ asked if we have had any trouble re- 
moving the abrasive after lapping the master worm wheels. 
We have had no trouble of this nature. 


? Timken-Detroit Axle Co., Detroit, Mich. 
3 Newark Gear Cutting Machine Co., Newark, N. J. Mem. 
A.S.M.E. 


A. B. Zaenglein‘ asked if the lubricant made any difference 
in the noise. We have found that a very heavy lubricant reduces 
the noise to some extent but we have also found that the loss 
is directly proportional to the viscosity of the oil. To have 
the most efficient gear, the lightest oil possible should be 
used. 

It has been asked if pitted teeth wore themselves in. Pitting 
is generally a corrective action and the teeth will wear in to fit 
each other. The teeth shown suffered excessive wear due to 
vibration from the propeller which punctured the oil film between 
the teeth. 

It has been pointed out that on tests run with an even number 
of teeth in contact on slow-speed gears, no improvement could 
be noted over the gear not having an even number of teeth in 
contact. Most of our experiments have been made on high- 
speed gears and we have been able to make a gear more noisy 
by turning off the teeth and then make the same gear quieter by 
turning off still more of the teeth. It seems to be possible to 
distinguish the high pitch more easily and also to note variations 
in sound of high pitch. 

It has been asked if with a set of four gears with different 
numbers of teeth, we could, using the resonator, trace the sound 
to determine which particular gear was at fault. The resonator 
will determine the wave length of the sound or the number o! 
sound waves per minute. If one of the gears operates at a 
speed such that the product of the number of teeth and the 
r.p.m. is equal to the number of sound waves per minute, it is 
pretty surely to be the gear at fault. 

It has been asked whether after getting the worm wheel per- 
fected it was possible to get a worm that works correctly with it. 
The worm is ground to suit the final gear. The worm does not 
drive the table at a constant speed and it is necessary to have 
enough teeth in the master wheel so that the “‘angle of contact’ 
overlaps the “angle of error,” as described in the paper. 

It was asked how much backlash is allowed. On all gears 0! 
all sizes and with all pitches the pinion is placed tightly in mesh 
with the gear and then they are spread apart 0.0004 times the 
center distance in inches plus 0.004 in. 

It was asked if we have ever tried to eliminate the noise by 
altering the design of the gear case. We have tried lagging the 
gear cases. and making them of cast iron as well as steel, and the 
only cure seems to be to eliminate the cause. 


4 Proprietor, Niagara Auto Repair Shop, Buffalo, N. Y. 
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The Pratt & Whitney 


HE two present methods of generating involute gear teeth, 

both spur and helical, in soft gear blanks are the hobbing 

method and the gear-shaper method. Both come under 
the classification of forming-generating in that the form of the 
gear tooth generated, while it differs from the form of the cutter 
used, depends partly upon the form of the cutter. 

Gears are usually hobbed at the angle at which they are to 
run; that is, a 20-deg. gear is hobbed with a 20-deg. hob. A 
20-deg. gear can be hobbed at an angle greater than 20 deg. and 
also at a lesser angle, and even down to 0 deg. although a hob 
is an impractical tool at very small angles. 

Gears are also usually shaped at about their running angle, 
although the generating angle could be varied slightly if there 
were reason for it. The shaper cutter, however, cannot generate 
involute teeth of any practical height at small angles. For in- 
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stance, the smallest angle at which a 21-tooth cutter can generate 
a full involute on a standard full-height 15-tooth gear is 16 deg., 
9 min., and 1 sec. 

The gear-shaving process, the invention of James H. Barnes, 
of Dayton, Ohio, is a practical method of generating involute spur 
or helical gears at 0 deg. Acknowledgment is given the able 
and generous cooperation of the Chrysler Corporation in the de- 
velopment of the process. 

The involute curve is generated by a point in a straight line 
rolling ona circle. A simple conception of this curve, as in Fig. 1, 
is that of a uniform-rise cam where the rise per revolution along 
4 line tangent to a circle or radius a is equal to the circumference 
of the cirele. If this cam is revolving at a uniform rate in the 
direction shown by the arrow, the cam roll will rise at a uniform 
rate. If the cam revolves in the reverse direction, the roll will 
fall accordingly. 


‘ Manager Gear Division, Pratt & Whitney Co. Mem. A.S.M.E. 

Presented at a joint meeting of the A.S.M.E. Machine Shop 
Practice Division and the American Gear Manufacturers Associa- 
tion, Buffalo, N. Y., October 12, 1928. 
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Gear-Shaving Process 


By H. D. TANNER,' HARTFORD, CONN. 


If now, as in Fig. 2, we place a roughed-out cam on the same 
center, set a cutting tool with its edge on the tangent line, and 
cause it to move up or down with the cam roll, the revolution of 
the rough cam against the cutting edge will remove the surplus 
material and leave the second cam exactly like the first or master 
cam. 

In the actual machine a large cam, with two opposed involutes, 
and two cam rolls are used. Two cutting tools also are used, and 
the cycle is as shown in Fig. 3. At the left the gear is in the 
starting or loading position, and the tools are shown with their 
cutting edges on a line tangent to the base circle of the gear. In 
the center the gear has revolved in the direction shown by the 
arrow, the tools have been moved at exactly the correct rate to 


BASE CIRCLE 
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the right along the tangent line, and the left-hand tool has started 
to cut an involute curve onatooth. At the right the same tool 
has come into contact with the base circle of the gear and has 
completed its cut. At this point the movement of the gear is 
reversed, the tools move back to the left, and the right-hand tool, 
following the path of the dot-and-dash line, finally cuts an in- 
volute on a tooth. The gear is again reversed, and while the 
tools are returning to their original position it lags behind just 
enough to index one tooth. 

It now becomes apparent that the process is one of zero-degree 
generation and that the active profiles of the gear teeth are gen- 
erated by rolling the gear in mesh with a zero-degree rack, as in 
Fig. 4. The active profiles of this rack are the top edges of its 
teeth, which coincide with the cutting edges of the tools. The 
remainder of the profile of the rack does not come into contact 
with the gear. We are then required to make tools with straight 
cutting edges slightly longer than the face of the gear to be cut 
and to place the tools in the shaving machine with their edges 
lying in a plane tangent to the base cylinder of the gear. If the 
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Fig. 5 Master Cam For 18-Tootu, 6-DIAMETRAL Pitcu, 20-Dera. 
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edges are parallel to the center line of the gear, a spur gear will 
be produced. If they are parallel to each other but at an angle 
to the center line of the gear, a helical gear will be produced. The 
form of the cutter is the most simple possible with the exception 
of a point, which is not a very practical cutting tool for gear 
teeth. 

All expense connected with the making of any precision form 
used in the machine is confined to the master involute cam. Fig. 
5 shows a cam for an 18-tooth, 6-diametral pitch, 20-deg. gear. 
Cams are made of S.A.E. 10115 steel, hardened, seasoned, and 
ground. They are 12 in. wide across the tangent to the base 
circle and 1'/; in. thick. All of the machining operations are 


conventional with the exception of the milling and grinding of the 
involute profiles. 
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The cams are milled, as in Fig. 6, on a standard vertical milling 
machine with a circular milling attachment and a special end 
bracket arranged for differential change gears. The machine 
is set up with a milling cutter in the position of the roll in Fig. 1, 
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and the change gearing used is such that the cam makes one com- 
plete revolution while the table travels a distance equal to the 
circumference of the base circle of the gear for which the cam is 
being made. This being only a roughing operation, a lead is 
used which is within 0.010 in. of correct for a full revolution of 
the cam. 

The cams are ground, as in Fig. 7, on a standard cylindrical 
grinding machine fitted with a special generating fixture. The 
cam is mounted on an arbor having a disk of base-circle diameter 
on each end, and this assembly is rolled on a steel track, which 
is the tangent line of Fig. 1 The grinding wheel is placed with 
its center in the plane of this flat track, and an involute is very 
accurately generated. The fact that the cam is rolling on a 
stationary line instead of revolving against a moving line, as in 
the machine, does not alter the relative motions. 

To prevent the disk from slipping on the track, steel bands are 
used, as in some gear-tooth grinders. The bands are wrapped 
around the base-circle disk close to but not in contact with the 
track, the disks at this point being reduced in diameter about the 
thickness of one band. 

The cam is inspected by using a dial indicator, as in Fig. 8, in 
place of the grinding wheel, its stem being placed in the plane of 
the track. The bands are removed during the checking opera- 
tion so that they cannot influence the result. 

Fig. 9 is a front view of the machine with the guards removed, 
showing the master cam and one of the roll housings. 

Fig. 10 is a front view of a complete machine set up for a 
cluster gear, showing all operating controls. 

Fig. 11 is a group of seven machines as they appear under actual! 
operating conditions. 

Fig. 12 is shown to illustrate the author’s conception of the 
proper way to handle finished gears, with a steel rack for cluster 
gears. As the machine has been described in detail in American 
Machinist of May 17, 1928, no further description will be given 
beyond that of the cycle of operations through the shaving of 
one gear. 

In Fig. 13-A the machine is shown in loading position. The 
gear is placed on the arbor, a C-washer is dropped into a groove 
in the arbor, the plunger is raised to bring the rack tooth into 
contact with the gear, centering it, and an air-operated drawbar 
pulls the arbor back to clamp the gear against the end of a collet 
in the work spindle. The plunger is dropped and the machine 
started. The cross-slide carrying the tools moves to the left, 
the gear turns clockwise, and the right-hand blade cuts, removing 
all stock in excess of 0.004 in. above finished size, as shown in 
Fig. 13-B. At the end of the cut the gear and slide reverse direc- 
tion, and while returning to the starting position the gear is 
indexed one tooth, relative to the tools, in a clockwise direction. 
The slide continues on to the right, as shown in Fig. 13-C and the 
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left-hand blade cuts. Again reversing directions, the gear and 
slide return to the central position, and continue on to repeat 
the cutting cycle. When all the teeth have been cut once, the 
blades are automatically moved together 0.004 in. and all the 
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teeth are again cut, 0.002 in. being removed from each side of each 
tooth. A third and a fourth cut of 0.001 in. each per tooth side 
are taken, and the machine is automatically stopped. The ma- 
chine speed is 45 cycles per minute. 

Indexing is done by means of a hardened, seasoned, and ground 
14-in. notched plate. The location of the plate and index mecha- 
nism on the rear end of the spindle is shown in Fig. 14. Fig. 15 
is a close-up view of the index mechanism and shows the operating 
cams more clearly. 

It is preferable to rough-cut gears in a hobbing machine, al- 
though a gear shaper can and sometimes must be used. This 
preference is owing entirely to the more favorable shape, for 
gear shaving, produced at the base of the tooth by the hobbing 
method. A tooth section of the type of hob used is shown in Fig. 
16. To produce a definite undercut in the gear the point of the 
hob is made thicker than standard by from 0.007 to 0.010 in. on 
each side. All hobs are made to generate at a pressure angle of 15 
deg. as this produces more nearly the desired shape in the under- 
cut curves. For the same reason all gears are cut to full Fellows 
depth. Otherwise, hobs are made and used as in regular pro- 
duction roughing. 

In Fig. 17 is shown the roughed and finished profile of a 17- 
tooth, 20-deg. pressure-angle gear. It has been hobbed with 
a thick-point 20-deg. hob, on a 1-diametral pitch gear, to a depth 
of 2.250 in. instead of the standard 2.157 in. The hob profile 
is shown just as it is finishing the gear profile. The outer involute 
profile and clearance curve is the gear as hobbed, and the inner 
profile is the finish-shaved profile. The involute profile only is 
shaved, the remainder of the tooth being left as produced by the 
hob. That part of the involute starting at the base circle has 
been removed by the hob to give the shaving tools a clearance 
space into which to cut. The undercut curves are designed to 
cross the base circle 0.004 to 0.006 in. inside of the finished invol- 
utecurve. It is found that 0.004 in. is as small as is commercially 
practical. The line 4.943 is the relative length in inches of the 
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theoretical line of action to the pitch circle of this gear when it 
is in mesh with a 33-tooth gear on a standard center distance. 
The line 2.800 is the actual line of action resulting from the re- 
moval of the base of the involute. 

Fig. 18 is the same 17-tooth gear roughed with a thick-point 
15-deg. hob to the same depth. The involute curve is identical 
with that of the first gear, and the undercut curve crosses the 
base circle at the same point but at a different angle, which re- 
moves less of the involute, resulting in an increase in length of 
the actual line of action to 3.000 in. Generating at small angles 
is in this respect more effective the more teeth there are in the 
gear. 

Fig. 19 is the mating 33-tooth gear roughed and finished under 
the same conditions. The theoretical line of action to the pitch 
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line is 4.472 in. long and the possible is 4.720 in. The possible 
being longer than the required, there is no loss of action in this 
gear from this method of roughing, although there would have 
been if a 20-deg. hob had been used. The maximum possible 
number of teeth in contact with this pair of gears is 1.595, and the 
actual in this case is 1.265. As the loss of action comes from a 
removal of active profile from the 17-tooth gear close to its base 
circle, where its use causes a high relative sliding velocity, the 
loss is not very keenly felt. 

Fig. 20 shows one of the shaving tool with its clamping bolt 
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and its supporting screw and check nut, which latter take the 
thrust of the cut and also locate the cutting edge at the correct 
height in the machine. Tools are sharpened by grinding across 
the cutting edge, and advantage is taken of the ease with which 
the edges can be honed. In addition the front surfaces of the 
tools are usually ground to a concavity of 0.0005 in. per inch, 
the curved cutting edge thus produced resulting in a gear tooth 
thicker in the center of its face than at its ends. 

To insure the cutting edges being at the correct height in the 
machine a fixture is used, as shown in Fig. 21, where the dial 
indicator is set to zero with a gage which is correct for some par- 
ticular machine. 

In Fig. 22 a tool is shown in the place of the gage, and the sup- 
porting screw has been adjusted to bring the indicator to the 
same zero. 

Any carbon tool steel that will hold a keen edge at a hardness 
of from 63 to 65 on the Rockwell C-scale is satisfactory for cutting 
tools. The tools will cut from 500 up to 1200 teeth after grinding, 
depending largely upon the machinability of the gear material. 
A honing of the cutting edges in the machine will usually give 
half as many more before the tools need regrinding. The usual 
cutting compounds are satisfactory, and no unusual heat treat- 
ment of the gears before cutting is necessary, although the author 
prefers the material a little harder than is customary. 

The final active profile of a shaved gear is produced by one 
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pass of one cutting edge, and thus is a continuous surface in the 
direction of roll or slide. Such tool marks as occur from an 
imperfect cutting edge lie in this direction of roll or slide, and can 
produce little or no noise. 

The point contact of the convexed teeth is very effective in 
cases of misalignments from any cause that otherwise would 
produce crossed or edge bearings. All know that gears cannot 
be commercially cut and mounted with all mating teeth abso- 
lutely parallel, and that the bearing cannot be distributed evenly 
under these conditions. Points of high pressure must be ac- 
cepted as necessary evils. The convexed or crowned tooth lo- 
cates the point or zones of high pressure at or near the center of 
the tooth, the actual bearing, of course, spreading over about 75 
per cent of the tooth, but never, if the crowning is sufficient, 
reaching the ends of the tooth. 


Discussion 


‘THE discussion of the paper took the form of a series of ques- 
tions which, with their answers, are summarized as follows: 

H. J. Eberhardt? asks, Is the crowning the main advantage 
claimed for this method or is it accuracy? We claim general 
consistent accuracy and a character of finish—namely, cutting 
in the direction of roll—which is ideal for a gear-tooth surface. 
The crowning is an incidental possibility, of which we take 
advantage. 

A. H. Lane? asks, What is the widest tooth that you are able 
to shape with this machine? The present machine is limited to 
2 in., but the limit depends upon the power which can be put into 
such a machine. We are not using the machine at present on 
bronze gears or other nonferrous gears, although bronze gears 
were cut on the original experimental machines. In general, 
the machine follows the characteristics of other gear-cutting 
machines in that the softer or more machinable materials can 
be cut with a better finish and a higher degree of accuracy. The 
softer metals will probably be cut with fewer cuts, although a 
cut of 0.002 in. is all that can be taken at one time successfully. 

Chester B. Hamilton‘ asks, Are there any modifications, 
entries, etc., obtainable this way, and when we shape these 
gears do we find it necessary to shave an entry modification. 
We have found no modification of the involute required. A 
correction for hardening distortion is made by cutting the gears 
in the green, so that the normal pitch or spacing of the involutes 
on the base circles is made slightly longer than standard on the 
driving gears. This correction in general amounts to from 0.0001 
to 0.0004 in. The heat treating of these gears causes a change 
in the normal pitch which makes them approximately correct. 

I am asked how we finish hardened gears. Hardened gears 
are not being shaved in these machines at present, although we 
have shaved chrome-vanadium steels up to a hardness of 75 scle- 
roscope. It is entirely practicable so far as the machine is con- 
cerned, but we have not found any cutting steels which would 
stand up to this work. 

Nikola Trbojevich® says that he does not understand how 
we cut helical gears if the base circle is below the root diameter. 
He is correct. We cannot shave them under these conditions. 

A member states that an internal gear can be shaved by making 
a hardened pinion and having each tooth a different height, and 
that General Barnes has a patent in which he shows a section of 
this type of gear. He is not cutting it at present, however. 
Mem. 


2 Newark Gear Cutting Machines Co., Newark, N. J. 
A.S.M.E. 

? Industrial Planning Cornp., Buffalo, N. Y. Mem. A.S.M.E. 

4 Hamilton Gear and Machine Co., Toronto, Ontario, Canada. 
Mem. A.S.M.E. 

§ Timken-Detroit Axle Co. 


22 
4 
| = 
\. 
\ 
| 
Whe 
f 


=: 

: 3 

. 

it 

a 

é 


d 
s 
n 
e 
p 
h 
J 
it 
m 
al 
di 
ti 
tk 
by 
m 
th 
an 
ov 
to 
in 
27, 


MSP-50-18 


Some Practices in the Use of Machine Tools 
in the Electrical Industry 


By J. R. WEAVER,'! EAST PITTSBURGH, PA. 


HIS subject of machine tools and their use in manufacture 

covers quite a varied problem, and the author is going to 

deal with it in a general way from the experience obtained in 
the manufacture of electrical apparatus. Of course the question 
of using standard machine tools or special machine tools depends 
entirely upon the activity of the apparatus being manufactured. 
Standardization will undoubtedly increase this activity, and it is 
believed that the electrical manufacturers are standardizing as 
rapidly as is possible. There is still much to be done, and most of 
the equipment that we install must be suited for general condi- 
tions and yet, at the same time, it must be adapted to high 
production. 

There are several ways in which high production or increased 
activity can be obtained from a standard tool. One of them is 
adapting special fixtures that will allow multiple or continuous 
cutting. Where the work does not warrant a special high-pro- 
duction or single-purpose machine, a standard machine equipped 
with a special multiple holding fixture such as a rotary fixture on a 
standard milling machine, a rotary table on a drill press, or two 
separate fixtures on a milling-machine table, can be used. 
Any one of these methods permits loading while machining 
is being done, thereby eliminating lost time on the part of the 
operator. 

Owing to the necessity of meeting special requirements of the 
customer, work in the electrical business is so diversified that 
standard machines with special holding fixtures are used exten- 
sively. Another method is to arrange several machines in se- 
quence operated by one operator, which may not increase the pro- 
duction, but will reduce the cost because one operator is operating 
several machines. We are using both methods with very good 
success, and in several cases we have as many as seven or eight 
machine tools operated by one operator, depending upon the time 
element in each operation. In our die-making department, 
where we are installing measured day work, which is an incentive 
payment plan, one operator is handling two shapers. We also 
have one operator on two standard milling machines without any 
special fixtures. Semi-automatic and automatic machines are 
usually grouped so that one operator can handle several machines. 
With equipment having controlled feeds and rapid power traverse, 
it is surprising how well machines of this type adapt themselves to 
multiple operations. 

Wherever sufficient economies can be realized, special machines 
are installed which are purchased from machine-tool builders or 
designed and built by ourselves. We also have certain opera- 
tions that cannot be done on machines that are on the market, and 
these we have to build ourselves. 

Although we believe that fixtures should be designed and built 
by the manufacturer of the machine tool and installed on the 
machine while it is being built, we find it quite inconvenient in 
that it extends the time of delivery of the machine. Owing to the 
amount of correspondence which takes place and the misunder- 
standings that oftentimes arise, it is usually advisable to build our 
own fixtures. However, we try to take advantage of machine- 
tool builders’ experience. 

_ | Superintendent, Manufacturing Equipment Department, West- 
inghouse Electric & Manufacturing Company. Assoc-Mem. A.S.M.E. 
Presented at the Second National Meeting of the A.S.M.E. 
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CoMPARING PLANING AND MILLING 


The subject of comparing various operations and the methods 
of performing them is quite interesting in our industry, and the 
author wishes to mention and to describe briefly several of them. 
We have been carrying on various studies of planing versus 
milling on our products, expecially on our larger work. We find 
on some work, especially on form surfaces, that planing is much 
more economical than milling for the reason that we can maintain 
our form and size with the least expenditure. It must be admitted 
that milling cutters, if of any size at all, are very expensive and 
that it is necessary to have several sets owing to the fact that the 
machines must be kept operating. When only a single set of 
cutters is available, the machine is idle while they are being 
ground, but with a planer and a simple planer tool the investment 
is not so great and the time required to perform the operation is 
not very much longer, if any. However, on flat surfacing 
especially where there are a lot of pads to be finished, ete., the 
author believes the milling machine is better adapted than the 
planer. 

We do considerable surface grinding on castings, and we find 
this to be a very economical way of finishing surfaces providing 
there is not more than '/, in. of metal allowed for finish. This 
includes both cast-iron and cast-steel castings, and I was very 
much surprised to learn recently that one of our 54-in. machines 
removed 1'/, in. of stock from the base of a pedestal at one pass. 
This of course was an accident, but apparently no damage was 
done. However, 1 do not know whether this could be repeated 
with the same results, 

We are going quite extensively into welded fabricated steel 
construction work on our apparatus, which is reducing our 
machining time considerably, and the thought occurs that it may 
be possible, to some extent at least, to apply the same construc- 
tion to machine tools. This is just a thought, and the author is 
not prepared to go into details of design. It seems that in certain 
instances fabricated construction could be used to advantage. In 
the case of a lathe a fabricated bed could be made, and if cast iron 
ways are desired, they could be attached to the steel construction 
and still make a lathe bed that would be just as good as if all were 
of cast iron and for less money. 

We have gone into this construction on our jigs and fixtures 
very extensively and find that we have not only reduced costs but 
have shown an advance in delivery of three weeks on each jig. 
This is due to the fact that it takes about three weeks to obtain a 
casting, including the time that it takes to make the pattern. 

Fabricated parts can of course be bent or shaped very closely to 
the final dimensions, so that a very small amount of machining is 
required, and in quite a number of cases none at all. If this 
practice were adopted, it would probably mean that it would not 
be necessary to build machines as heavy and rugged as in cases 
where steel castings are used. 

We have been experimenting with some special alloy steel on 
which we have been able to increase our cutting speeds and certain 
operations as much as 250 per cent and still obtain good results. 
This special alloy steel combined with fabricated steel construc- 


‘tion would mean that machine tools ought to be built for and run 
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at a much higher speed. Machines of this type would not be 
required to take as heavy cuts as is necessary on castings. This 
special alloy steel mentioned is just in the experimental stage, and 
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although the results up to the present time are promising, we are 
not prepared to make definite recommendations. 

We have also been experimenting with the chromium plating of 
cutting tools quite extensively and on materials other than metals 
we have had very good success with this process, but when cutting 
steel and cast iron we find that the plating chips off at the cutting 
edge. The cutting tool gives no better results than a standard 
cutting tool. 


Dre CastTING AND Hot Pressinc EMPLOYED 


The manufacture of apparatus from alloys of aluminum, cop- 
per, brass, zinc, etc., introduces die casting and hot pressing, which 
reduce machining quite considerably. In most cases machining 
is eliminated entirely. We have set up three processes for han- 
dling these alloys, grouped as follows: 

Die Casting. By this method we make castings from zinc- 
base alloys and aluminum. This is done under pressure in a metal 
die, with the result that the casting does not usually require any 
machining except drilling or tapping, as the case may be. High 
activity is necessary for the use of this process as it requires a 
metal die and is rather expensive even though the operation of 
casting is very rapid. 

Permanent Molding. This method is used for making castings 
from iron aluminum bronze, or aluminum alloy. This is some- 
what similar to die casting except that no pressure is used and that 
molds are set in machines designed for opening and closing them 
quickly and that the pressure for the casting is obtained from the 
size of the gate and header. This has proved very satisfactory, 
and owing to the fact that steel molds are used in this operation, 
t he castings are very close to the finished dimensions. 

Hot Pressing. This process is used on castings or forgings that 
are designed from forged brass or copper. The types of presses 
used for the operation are drop hammers, screw presses, crank 
presses, and hydraulic presses. A very dense forging is obtained 
from this process, and it is very close to dimensions, so that the 
least amount of machining is necessary. One objectionable fea- 
ture of this method is that, when using a press or a drop hammer, 
flash dies must be used, and on small forgings the flash is often 
greater than the piece itself. This naturally increases the losses due 
to excessive material and increases the cost of forging. We have 
been working for some time with closed dies for some of our work, 
eliminating practically all flash. We are having very good suc- 
cess with this type of die, depending of course on the size and 
shape of the piece that we wish to forge. Where the forging re- 
quired is thin, we find that the flash die is necessary, but where the 
forging has a considerable amount of body to it, a closed die can be 
made, eliminating practically all flash. 

These various processes, it is understood, are used to some 
extent on cast iron and steel, but in our experience we have only 
applied them to the alloys mentioned, with good results in elimi- 
nating machine work. 

There is no question but all manufacturers are reducing as far as 
possible the amount of finish on their castings and forgings. If 
this continues, it looks as though at some time in the future the 
equipment will be of lighter construction, of high speed, and 


easily handled, depending on the development of cutting tools: 
With the new designs in machine-tool equipment it looks as 
though the manufacturers must look for savings in other direc- 
tions rather than just on machine tools. It is hard to predict 
just how much improvement can be obtained from the redesigning 
of machine-tool equipment, but it appears as though they have 
gone as far as it seems possible. 


Discussion 


Ertk Opera.? A good deal is being done in cutting-tool 
experiments, both in this country and abroad. A new type of 
cutting tool has been brought out in England and Germany and 
in this country. Undoubtedly, this will affect the machine-tool 
business, ultimately, to a great extent. A new lathe has been 
brought out in Germany that has unusual power and speed. It is 
claimed that this new lathe is able to take heavy cuts on forgings 
at 500 ft.permin. That is so tremendous compared with anything 
done hitherto that, if correct, it cannot but affect the machine- 
tool business. 


E. F. Du Brut.* Concerning the point brought out by Mr. 
Oberg, many of us remember the revolution which came in the 
machine-tool business by the discovery of high-speed steel. 
When Mr. Taylor brought some chips to the meeting of the 
A.S.M.E. at Cincinnati in 1901 or 1902, we were all astonished 
at their size. Mr. Oberg has reported a tool cutting forgings at 
the rate of 500 ft. per min. It is purely a question of putting 
power behind a cutting tool, if it has been found that a material 
can be cut that fast. Mechanical ingenuity is not so limited but 
that enough power can be put behind the tool to get from it all 
that it can do. That means a revolution in machine-tool design, 
just as high-speed steel created a revolution nearly five years ago. 

Die casting is another revolutionary process. There has been 
interesting work done around Bridgeport, Conn., on a principle, 
evolved by a Frenchman, of casting steel by centrifugal force. 
The centrifugal force acts to condense any material poured in 
the mold. Such a casting has much greater tensile strength 
than castings made without the centrifugal pressure. The ce- 
velopers claim to have demonstrated that they can cast any 
material in these molds and to quite large dimensions. This 
means a substitution of steel parts for iron. Of course the new 
parts will create a new demand for machine tools of some sort. 
These revolutionary processes and materials throw the doors of 
opportunity wide open to those who are able to enter. These 
are the user companies that have the money to buy the new ma- 
chines, and the builders who have the money or credit to design 
the new machines that will take the high-speed cuts. The possi- 
bilities are something tremendous. It will do no good to com- 
plain about this condition; the thing to do is to recognize its 
possibilities and do everything to push it ahead and get the big 
market which it opens. 

2 Editor, Machinery, New York, N. Y. Mem. A.S.M.E. 


3 General Manager, National Machine Tool Builders Association, 
Cincinnati, Ohio. Assoc. A.S.M.E. 
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Progress in Oil- and Gas-Power Engineering 


Contributed by the Oil and Gas Power Division 


Executive Committee: E. J. Kates, Chairman, L. H. Morrison, Secretary, J. W. Morton, 
C. M. Manly, and H. A. Pratt 


HILE the preceding two or three years of oil-engine his- 

tory were characterized by increasing compression pres- 

sures, 1927 has marked the beginning of what may prove 
to be a long struggle for higher speeds. The pressure increases 
that have taken place in recent years in several manufacturers’ 
products were effected not so much with the aim for higher 
output as for the sake of convenience in operation. Cold start- 
ing was the object, occasionally also the elimination of water 
injection. As a result of this tendency, the low-compression 
or semi-Diesel engine which a few years ago represented the 
majority of oil-engine horsepower manufactured almost dis- 
appeared from the picture in 1927. 

The present trend is unmistakably toward higher speed in 
order to obtain more power per pound of engine weight. The 
incentive is the conquest of the mobile field for the heavy-oil 
engine. The distinction of having attained the greatest recent 
progress therein belongs to the Diesel locomotive (4).! 


Locomotives 


From a timid beginning a few years ago, we have at present 
an established type of switching locomotive in the United States, 
used by at least ten railroads and several industrial companies 
with satisfaction and effecting considerable saving (47). Orders 
have been placed for at least three main-line locomotives by 
at least two railroads (24), and their construction is nearly com- 
pleted. Two destined for the New York Central are being built 
in this country and have electric transmissions. One of them 
will be equipped with a 6-cylinder, 750-hp., 500-r.p.m. Ingersoll- 
tand solid-injection engine, the other with a 12-cylinder, 800- 
hp., 325-r._p.m. McIntosh & Seymour air-injection engine. The 
one to be delivered to the Boston and Maine Railroad is being 
built by the Krupp Company, Essen, Germany. It is to be 
equipped with a 6-cylinder, 1300-hp., 470-r.p.m. Krupp solid- 
injection engine, and has gear transmission with magnetic clutches. 

In Europe not less than 19 companies are engaged in the con- 
struction of Diesel-engine locomotives and rail cars. Several 
of them have achieved notable commercial success (4). At least 
nine locomotives of the Canadian National Railways have been 
fitted with Beardmore engines (33) of 400 hp., 750 r.p.m., using 
electric transmission. Some of them have been in use for over 
two years and have exceeded a mileage of 100,000 without a 
refit. The British Company is now building 12-in. X 12-in., 12- 
cylinder V-type engines developing 1200 b.hp. at 750 r.p.m. 
with an overload capacity of 1500 b.hp. at 900 r.p.m. The 
complete engine weighs 22,000 Ib. or about 18 lb. per hp. Such 
an extremely low weight for this type of engine is a truly remark- 
able engineering achievement. Two of these engines giving a 
total of 3000 hp. are now being built in one large locomotive, 
giving a tractive effort of 100,000 lb. and hauling a 750-ton passen- 
ger train at 70 miles per hour. 

Engines built by a number of German Companies (M.A.N., 
Deutz, Benz, Krupp), and also several Italian (Fiat and Tosi) 
and Swiss (Sulzer) companies have been successfully installed 
recently in locomotives and connected with electric, hydraulic, 
pheumatic, and mechanical transmissions of a great variety 
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(15). Perhaps the most interesting foreign development is 
the direct-driven Kitson-Still locomotive (26), the double-acting 
engine pistons of which are driven by the internal combustion 
of oil on one side and steam on the other: the steam is generated 
by the heat of the exhaust gases. It is not so much the high 
thermal efficiency of this combination which commends it for 
locomotive use, as it is the flexibility which the steam provides (and 
which the internal-combustion engine lacks) and makes the cum- 
bersome transmission unnecessary. The French Schneider works 
(4) is also building a locomotive on this principle and the trials 
on both are awaited with keen interest. 

Out of at least 17 different systems of transmissions which 
are being tried for oil-engine locomotives, only the electric drive 
has proved itself beyond doubt so far, but the developers of 
the other systems are busy and it cannot be predicted which one 
will be ahead 12 months from now. In spite of the considerably 
higher first costs of the oil-electrics, operating experience gained 
in the last two years (45) shows that the Diesel locomotive is 
more economical to operate than the steam locomotive. 


AUTOMOTIVE DIESELS 


For automotive application still higher speeds and lower 
weights are required. Last year’s progress in this field includes 
the new Junkers (23), Benz (3), Dorner (29), and the improved 
M.A.N. (23) and Peugeot (9) truck engines, scores of which have 
already been installed and sold in Europe. These engines have 
crankshaft speeds of 1000 r.p.m. and over, and weights of around 
20 lb. per hp. <A M.A.N. three-ton truck with a modified pis- 
ton (Acro patent) and injection system is being demonstrated 
here by the Robert Bosch Company (25), Long Island City. 
Its fuel economy is remarkable (about 0.6 cent per mile), while 
its flexibility and ease of handling leave nothing to be desired. 

Among the other recent mobile and semi-mobile applications, 
the Caterpillar tractor, engined with a 75-hp., 650-r.p.m. Atlas 
Imperial Diesel (39), may be mentioned as a promising American 
development. High-speed engines recently developed by the 
Fairbanks, Morse & Company (40) [800 r.p.m., 12'/, hp. per cylin- 
der], Foos Gas Engine Company (10) [700 r.p.m., 80 hp. per 
cylinder], Cummins Engine Co. (42) [600 r.p.m., 12.5 hp. per 
cylinder], Bessemer Gas Engine Co. (43) and Hill Diesel Engine 
Co. (28) open the field for still wider use of the oil engine for 
dredging, excavating, road construction, small boats, and rail 
cars. The Treiber Company together with the American Brown 
Boveri Corporation are developing high-power light-weight 
engines, one of them being of the 9-cylinder radial type. 

Besides those already mentioned at least six American com- 
panies, mostly manufacturers of gasoline engines, are, it is 
rumored, engaged in developing automotive oil engines, and we 
may be able to report definite accomplishments next year. 

For aircraft application (2) the weight becomes of predominant 
importance. Although its higher thermal efficiency and re- 
duced fire danger are in favor of the heavy-oil compression-igni- 
tion engine and its development is being pushed by the American 
and English governments, its use cannot become general before 
the engine weights are brought down to figures which compare 
favorably with those of gasoline engines. It may be added, 
however, that no principal reason is known why engines working 
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on the Diesel principle cannot equal or excel carburetor engines 
in power output per pound of engine weight. On this continent 
the Attendu engine (6) [3.6 lb. per b.hp.] and the Sperry super- 
charged engine (5) represent promising experiments. Abroad, 
Junkers is planning on fitting his airplanes with his two-cycle, 
opposed-piston-type engines, and one of the new British dirigi- 
bles will be fitted with Beardmore engines, if rumor is correct. 


Giant DIESELS 


Looking at the other end of the picture, the progress made 
in high-powered Diesels is no less gratifying. Shipbuilders are 
the best customers for large Diesels. The increased popular- 
ity of the Diesel with ship owners is shown by Lloyd's figures. 
On September 30, 1,163,630 i.hp. of marine oil engines were 
under construction against 568,969 i-hp. of reciprocating steam 
engines and 309,900 hp. of turbines. Oil-engine tonnage increased 
to 52!/ per cent from 19!/; per cent four years ago. Froma 
spectacular standpoint the most outstanding installations were 
single engines of the Doxford opposed-piston airless-injection 
type, 5000 screw hp. in four cylinders, in two single-screw vessels; 
and single engines of the Burmeister & Wain double-acting four- 
cycle type, 9000 screw hp. in eight cylinders, in three double- 
screw vessels. The latest set of these, installed in the Saturnia 
(44), is supercharged with two electrically driven turbo-blowers, 
which increases the output of each engine to 10,000 screw hp. 
The Augustus (35), the largest motorship in the world, 33,000 
gross tons, equipped with four M.A.N. engines, 700 screw hp. 
each, has made her maiden voyage this November. The largest 
cylinder output ever attained was obtained this year from a 
Sulzer experimental one-cylinder engine, delivering 2900 i.hp. 
(46). 

In this country several more Shipping Board vessels were con- 
verted into motorships (10). Nine main and 27 auxiliary en- 
gines were tested and delivered by six companies during the 
last fiscal year. Contracts have been awarded recently for the 
construction of eight more engines of about 4000 hp. to four 
different companies. Two are two-cycle single-acting, four are 
two-cycle double-acting, and two are four-cycle double-acting. 
The contracts are on the basis of $74 per b.hp., including scaven- 
ging blowers. 

In the stationary field more high-powered Diesels are being 
installed in electric central stations. In the Commerce Mining 
and Royalty Plant in Oklahoma, three Nordberg two-cycle 
engines have been installed totaling 6750 b.hp. The favorable 
experience with the 15,000-hp. Diesel engine installed in 1926 
for the Hamburg Electrical Works induced a Berlin electric- 
power company to place orders with M.A.N. for two 10-cylinder 
12,000-hp. engines, 215 r.p.m. (21.3 ft. per sec. piston speed) to 
be used as stand-bys. America’s largest Diesel power plant, the 
Panama Canal plant at Miraflores (27), consisting of three 
single-acting two cycle Nordberg engines and having a peak- 
load capacity of 12,375 hp., has been completed this year and 
serves a@ similar purpose. 


DIgsELs FoR PEAK PowER 


It is readily admitted that unless favored by particular local 
conditions, the Diesel engine cannot compete with steam and 
water turbines for large power generation. On the other hand, 
both calculations and experience have shown convincingly that 
their combination with steam and water power for peak loads 
and emergencies offers decided economical advantages (11). 
For short-period operations, the higher fuel cost of the Diesel 
is more than offset by its lower interest on first cost compared 
with water power and by its lower cost of keeping it prepared 
for emergency, compared with steam power. The water-power 
central station at Bremen installed two 3000-hp. Sulzer Diesel 
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units to cooperate with water turbines. The 4500-hp. Diesel 
set of the Société des Forces Motrices du Refrain operates satis- 
factorily together with water and steam turbines. The possi- 
bilities of the Diesel engine for central stations are not yet fully 
realized (19). 


Continuous 


In medium-size engines, so far as design is concerned, no 
striking progress made in the last twelve months can be recorded. 
Many of the new models recently introduced in this country 
are licensed by foreign patent owners. Among the recent changes 
the popular adoption of the box frame and the improvement 
of the exterior appearance of the engines are most noticeable. 

On the other hand, more and more engineering skill is being 
applied to production. Refined finishing methods are finding 
their way into Diesel machine-shop practice. Grinding and 
honing of cylinders, broaching of wristpin bushings, and lapping of 
spray needles, pump plungers, and even valve seats are used 
with success. 

Larger builders have made progressive steps toward continuous 
production of engine units, using interchangeable parts, con- 
veyors, and systemized material-handling methods. 

The manufacture of small- and medium-size gas engines has 
lost its significance since the advent of the gasoline and Diese!- 
type engines. Where industrial gas is available as a by-product 
of blast-furnace and steel-mill operations, large gas engines are 
still most economical generators of power. The Allis-Chalmers 
Company is building gas engines in units up to 4000-hp. 


ACCESSORIES 


Many good accessories which have recently been placed on 
the market, either increase the usefulness of oil engines or relieve 
their builders from making such items themselves. Air and oil 
filters, centrifuges for lubricating and fuel oil, charging and 
scavenging blowers, distant-reading cooling-water and exhaust 
thermometers, and high-speed indicators are only a few of a 
worthy list. Fuel pumps and spray nozzles were not considered 
accessories until recently, yet at least one foreign and one Amer- 
ican manufacturer are contemplating manufacturing these deli- 
cate engine parts and selling them to the oil-engine builders. 
Such a specialization in manufacture will probably further re- 
duce the cost and increase the utility of the oil engine. 


TREND OF DESIGN 


While accurate figures are not easily obtainable, the trend 
is unmistakably toward hydraulic (solid) injection. Out of 
the total horsepower of stationary engines built in this country, 
53 per cent was of the airless-injection type in 1924, 56 per cent 
in 1925, and 58 per cent in 1926, excluding the low-compression 
engines (3). In Germany and England this trend is still more 
pronounced. Hydraulic injection is not yet generally applied 
to the largest sizes, but Doxford and Burmeister & Wain have 
recently built airless-injection engines with 1250- and 1125- 
b.hp. cylinder capacities, respectively. It is being tried experi- 
mentally both on the Sulzer double-acting engine and on the 
Harland-B.W. design. 

The struggle between two-cycle and four-cycle is still unde- 
cided. The respective figures for American stationary engines 
for the last three years are as follows: 


1924 1925 1926 


(Estimated) 
Two-cycle...... 42 51 rf Per cent of 
Four-cycle..... 58 49 51 total horsepower 


In marine application the two-cycle seems to gain over the 
four-cycle, while for locomotives the opposite is the case. 
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The most spectacular advance, however, has been made by 
the double-acting principle. Not long ago double-acting en- 
gines were considered experimental, but now there are six differ- 
ent makes of double-acting engines in operation at sea and 
five more in a very advanced degree of development. Perhaps 
one reason why shipowners favor the double-acting two-cycle 
design is because it resembles most the familiar reciprocating 
steam engine. 

As regards construction, a trend toward more rigid frames is 
noticeable. The A-frame is being displaced by the box frame 
with individual or cast-in-block cylinders. Rigid connections 
between the individual cylinders or cylinder heads frequently 
serve the same purpose. The reduced vibration and bearing wear 
achieved with the rigid construction justify the additional expense. 

The chain drive of the camshaft, introduced not long ago, has 
won further adherents. 

The use of aluminum and alloys for pistons is being tried 
with promising results. The use of high-grade materials for 
other engine parts together with refined finishing methods is 
also progressing, especially with high-speed machinery. 

Efforts are being made to secure higher mean effective pres- 
sures for two-cycle engines. Crankcase scavenging is slowly 
losing ground, while the use of blowers is gaining for both charg- 
ing two-cycle and supercharging four-cycle engines. At present 
the employment of blowers is restricted to large engines, but 
their introduction for medium and small engines is predicted. 

In the controversy over direct spray injection as against a 
precombustion chamber, both parties are holding their ground, 
and no gain for either can be recorded. 

New injection systems are still being introduced and a per- 
plexing number of varieties are already available. Some of those 
recently developed take a middle place between the direct pump 
injection and the accumulator (common rail) system, by accumu- 
lating with each pump stroke only fuel enough for one injection, 
and using & mechanically operated valve for timing the injection. 

The possibility of controlling turbulence by directing the in- 
take air has been firmly established by the Hesselman, Krupp, 
Junkers, and Langley Field experiments, proving conclusively 
that the rotation of the air is not killed by the compression, 
German designers have already taken advantage of this fact, 
apparently with good results. 

By supercharging with the Biichi system (45) using exhaust 
turbines for driving the blowers, the Swiss Locomotive Works 
has succeeded in increasing the rating of a four-cycle engine by 
not less than 50 per cent without any increase of the exhaust 
temperature, if reports are reliable. 


RESEARCH 


The oil-spray investigation of the National Advisory Com- 
mittee for Aeronautics at Langley Field is yielding results. The 
subjects investigated lately and reported upon by the committee 
are: An investigation of the coefficients of discharge of liquids 
through small, round orifices, by W. F. Joachim (48); some 
factors affecting the reproducibility of penetration and the cut- 
off of oil sprays for fuel injection, by E. G. Beardsley (49); and 
factors in the design of centrifugal-type injection valves for oil 
engines, by W. F. Joachim and E. G. Beardsley (50). Experi- 
ments with various compression chamber designs (31) and novel 
injection nozzles are in progress, and favorable reports will prob- 
ably soon follow. 

As a result of the oil-spray research at the Pennsylvania State 
College (34) the development of an electric recording multi- 
diaphragm-type oil-pressure indicator has been reported (39), 
by which oil-pressure fluctuations of several thousand pounds 
taking place in a few thousandths of a second have been recorded 
and time-pressure diagrams taken. 


Some experiments on oil jets and their ignition have been 
carried out by A. L. Byrd (17) at the University of Cambridge, 
using square orifices for injection of the fuel. 

In Germany, elaborate investigations have been conducted 
for the determination of the globule sizes of atomized oil sprays. 
Kuehn counted the number of globules received on a smoked- 
glass plate, Sauter (21) used light absorption and also an electric 
charging method to determine the average size of the particles, 
and Woltjen (2) injected the fuel into a non-miscible liquid of 
the same density and photographed the drops thus obtained. 

The ignition of oil sprays has been investigated by Neumann 
(13) and Sass (41). The old dispute whether or not evapo- 
ration is essential for the ignition of liquid fuel, seems to be settled 
in favor of the latter. 

Interesting temperature measurements on an Acro engine 
have been made by Stribeck (32). The interpretation of his 
results, however, is still the subject of lively discussions. 

The Marine Oil Engine Trials of the Institution of Mechanical 
Engineers (20) have cleared in five reports many doubtful points 
in regard to the adaptability of the oil engine to ship propulsion. 

The scavenging of two-cycle engines has received additional 
attention. Tests on a crankcase-scavenging engine have been 
reported by Holm (36). Many others are being kept secret. 

Most of the investigations mentioned are being continued 
and further results are expected in the near future. The “‘second- 
ary discharges” of automatic nozzles pointed out first by Eichel- 
berg (14) and experimentally observed by Beardsley may clear 
up the problem of the so-called “after dribbling.” 

Investigations in the direction of increasing the speed and the 
m.e.p. are being quietly carried out in manufacturers’ laboratories. 

As to fuel economy, 0.354 lb. per b.hp-hr. has been reached 
(30), and 0.3 lb. per b.hp-hr. is being predicted by an English 
authority. 

Of the researches in allied fields, the production of synthetic 
fuels and the nitration process invented by the firm of Krupp, 
by which steel on the surface is made as hard as quartz and not 
deformed, may have important consequences on the develop- 
ment of oil engines. 


ACTIVITIES OF THE INDUSTRY 


Oil-engine business in general was not particularly brisk during 
the last twelve months. Production was kept up fairly well, 
but the profit sheets show a decline. Yet more and more capital 
is flowing into the industry due to the increased interest in Diesel 
engines. The Conversion Program of the Shipping Board call- 
ing for an expenditure of $25,000,000 gave a healthy impetus 
to the industry. Out of this sum $2,783,256 was spent in the 
fiscal year preceding June 30, 1927, and $2,290,300 worth of 
engines has been contracted since. 

The Oil Power Week, held April 18-23 under the auspices of 
the A.S.M.E. and six other engineering societies, focused gen- 
eral attention on the production of power by the use of oil, by 
means of simultaneous meetings, discussions, and publicity. 
One hundred and six meetings were held throughout the country, 
and many valuable papers presented. The $100 Rudolph Diesel 
prize was awarded to W. F. Joachim of Langley Field Memorial 
Aeronautical Laboratory for his paper entitled “Oil Spray In- 
vestigations of the National Advisory Committee for Aeronau- 
tics’ which was presented at the Oil Power Conference at The 
Pennsylvania State College, State College, Pa., and will be 
published later in the Oil and Gas Power Division's Quarterly. 
[See Trans. A.S.M.E., vol 50 (1928), no. 1, paper no. OGP-50-6. ] 


Tue NEEDS OF THE INDUSTRY 


This report would be incomplete if it ignored certain handi- 
caps the industry is confronting. Diagnosing a disease always 
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helps to find the proper cure. It would perhaps be futile to 
deny that our oil-engine industry is not taking the place that it 
rightfully deserves. On September 30 out of 1,163,630 i.hp. 
of marine oil engines under construction in the world, only 13,090 
were being built in the United States, compared with 365,440 
in Great Britain, 244,370 in Germany, and 157,850 in Italy. It 
is true also that fewer ships were under construction in this 
country than in those mentioned, but certainly not less than in 
Switzerland. Yet Switzerland is building 6'/, times as many 
(85,000 i.hp.) marine Diesels as we are. As stated before, 52'/2 
per cent of the merchant vessels under construction in the world 
are motorships, but only 14.4 per cent of the American tonnage. 
With 76 per cent of the world’s petroleum produced in this coun- 
try, it is very safe to say that less than 10 per cent of the oil 
engines are made here. The 1926 exports in Diesel and semi- 
Diesel engines amounted to less than three million dollars, while 
in metal-working machinery it exceeded eighteen million. For 
other countries the proportion would be more nearly the re- 
verse. 

Production costs are high, selling costs are high, the compe- 
tition of the electric-power companies is destructive, the power 
users have not sufficient confidence in oil engines—these are the 
explanations most frequently offered, but none of them is of such 
a nature that the manufacturers cannot do anything about it. 
A closer cooperation between the engine builders would accom- 
plish a great deal in the direction of reducing selling costs and 
enlarging the market by an intelligent and systematic education 
of the power users as to the economic possibilities of the oil en- 
gine. Research, preferably cooperative research, would help 
to produce more efficient engines. We have heard from D. R. 
Pye, the English authority, just a few days ago that “a great 
deal of further research with the jerk pump is needed to place 
the designer in a position to know what are the characteristics 
of the jet he is producing.” The cut-and-try method which 
is being practiced now is the most expensive of all, and will con- 
tinue to be as long as we are in the dark as to the fundamentals. 

Reduction in production costs could be achieved by special- 
ization and adoption of modern production methods. The 
“part maker,” a familiar figure in the automobile industry, has 
a justified place in the oil-engine industry as well. Few oil- 
engine builders are equipped to produce high-quality pistons, 
fuel pumps, and injection nozzles economically. Making fewer 
parts in larger quantities, we shall be able to adopt methods 
of quantity production: interchangeability, the use of jigs, fix- 
tures and rapid-inspection gages; adopt continuous synchro- 
nized production, and do away with chalk and file and large- 
part storage. 

The industry needs more trained men. In connection with 
oil engines, more than in most other fields, we formerly depended 
on men trained abroad. With immigration largely cut off, a 
shortage is being felt. A greater supply of skilled oil-engine 
operators would undoubtedly improve the market. Each com- 
petent operator helps to turn the sentiment in favor of the Diesel 
engine and is undoing some of the wrong done in the past by 
the many incompetent Diesel operators. We need more fac- 
tory men skilled in erecting Diesel engines and machining deli- 
cate engine parts.. We need more field service men able to 
diagnose troubles and give proper service to customers. We 
need more engineers trained in the design and developments 
of Diesel engines, men with sufficient theoretical background 
and some familiarity with the work that has already been done 
on the subject. Too often we see costly duplication of mistakes 
that could easily be avoided. Our technical schools do not give 
proportionate attention to the teaching of internal-combustion 
engines. If the oil-engine manufacturers would fall in line with 
the others in cooperating more closely with the colleges and uni- 


versities, more emphasis would be laid upon oil engines and more 
students would be interested in the subject. 


THe OvuTLOOK 


From this survey it appears that the outlook for the future 
is nothing but promising. The oil-engine industry, which sur- 
vived in spite of the numerous handicaps, may look for something 
better if the handicaps are removed. Technical progress is satis- 
factory, and with intelligent effort it will be accelerated. A 
tremendous market is here, of which only a small fraction has 
been exploited so far. There is room for every one. We have 
little doubt that we shall see a spectacular expansion of the oil- 
engine industry in the near future. We wish that a happy and 
prosperous New Year may mark the beginning of it. 

The undersigned wishes to acknowledge his indebtedness to 
all those companies and individuals that have submitted infor- 
mation and thus assisted in preparing this Report. 


P. H. Scuweirzer. 
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Experimental Combustion Chambers De- 
signed for High-Speed Diesel Engines 


By CARLTON KEMPER,! LANGLEY FIELD, HAMPTON, VA. 


In this paper the preliminary requirement of the high-speed fuel- 
injection-engine problem is given, and analyses of the cycles used in 
this type of engine are included. There is also given a discussion of 
the effect of increasing speeds on the output of engines employing 
these cycles. The requirements of combustion chambers are set forth 
and results of experiments using three different types are given. 
The engine and testing apparatus are fully described and illus- 
trated, and curves showing the performance of the engine when 
equipped with each of the special types of chambers are also shown. 


ments of high-speed Diesel engines forms a part of the 
National Advisory Committee for Aeronautics’ research 
program on the fundamental principles of fuel-injection engines. 
An outline of the proposed research on aircraft-type fuel-in- 
jection engines was prepared in 1920 at the request of the Bureau 
of Engineering of the Navy Department, which was interested 


ie DESIGN of combustion chambers to meet the require- 


slow- and medium-speed fuel-injection engines, depends upon 
the combustion-chamber design and the type of fuel-injection 
system, an average value, however, being approximately 0.020 
sec. If the capacity of the fuel-injection engine is to be increased 
at high engine speeds, then it is necessary that the time lag 
for ignition be shortened or the entire charge of fuel will be 
injected into the cylinder and combustion will take place at 
constant volume with resulting excessive explosion pressures. 

A preliminary requirement of the high-speed fuel-injection- 
engine problem is the selection of a possible engine cycle to give 
high efficiencies without requiring excessive cylinder pressures. 
An analysis of the Otto or constant-volume cycle shows that its 
use with compression pressures sufficiently high to cause auto- 
ignition of the fuel presents difficulties, due to the resulting 
high explosion pressures. An analysis of the Diesel or constant- 
pressure cycle shows that the cut-off ratio, which is defined as 
the ratio of the volume of the cylinder contents at cut-off to the 

clearance volume, to give the required mean effective pres- 


Fic. 1 ARRANGEMENT OF TEST ENGINE AND APPARATUS 


in the development of these engines as power plants for large 
airships. Since that time progress has steadily been made 
toward the development of a high-capacity fuel-injection engine 
for aeronautical use. 

In order to compete with present-day carburetor engines, it 
is necessary that the weight-power ratio of the fuel-injection 
engine be reduced from 25 lb. per hp. to a value of approximately 
3lb. This reduction in weight may be brought about by in- 
creasing the speed of the fuel-injection engine from the relatively 
low speeds of 300 to 600 r.p.m. to a speed of 1800 r.p.m. The 
attainment of this engine speed in a fuel-injection engine is com- 
plicated, however, by the problems of spray distribution and 
atomization, turbulence, and the time required for vaporization 
and ignition of the fuel. Consider a four-stroke-cycle engine 
running at 1800 r.p.m. and having an injection interval of 30 deg. 
The time corresponding to this interval of injection is approxi- 
mately 0.003 sec. The time lag of ignition, as determined for 

‘Junior Mechanical Engineer, National Advisory Committee for 
Aeronautics. 

Contributed by the Oil and Gas Power Division and presented at 
the Spring Meeting, White Sulphur Springs, W. Va., May 23 to 26, 
1927, of Tue AMERICAN SocteTy OF MECHANICAL ENGINEERS. 


sure would result in values greater than 2.00. At high en- 
gine speeds this value of cut-off ratio would probably result 
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in after-burning, with excessive fuel consumptions. The limita- 
tions of the above cycles have led to the adoption of the dual 
combustion cycle, in which a small portion of the fuel charge 
burns at constant volume and the remainder at constant pressure.? 


2 “Thermodynamic Cycles in Relation to the Design and Future 
Development of Internal Combustion Engines,’’ William J. Walker, 
Ph.D. Proceedings of the Institution of Mechanical Engineers, vol. 
2, p. 1235, 1920. 
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This cycle is approximated in several large, low-speed oil engines. 
In operation these engines burn a small part of the fuel charge at 
constant volume, which raises the pressure and temperature enough 
to burn the remainder of the fuel charge at constant pressure. 
Before high-speed fuel-injection engines can be built to run 
on the dual combustion cycle it is necessary that the fuel system 
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so prepare the fuel that it will ignite almost instantly on in- 
jection. If the fuel charge injected by the valve has no time lag 
of ignition, then the principal requirement of the combustion 
chamber is to produce enough turbulence to cause complete 
combustion of the fuel. This is somewhat of an ideal condi- 
tion, since the fuel injected at present is not a vapor but an atom- 
ized liquid. 

Because of the time lag of ignition of the fuel with present 
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to avoid these excessive explosion pressures many engine de- 
signers use a precombustion chamber in which the fuel is partially 
burned, further combustion of the fuel taking place in the cylinder 
proper. The connecting neck or orifice between the two cham- 
bers is proportioned to meter the products of the partial com- 
bustion in the precombustion chamber to obtain constant-pres- 
sure combustion in the cylinder. 

This method of metering the burning gases to give combustion 
at constant pressure is not thought to be the solution of the fuel- 
injection problem for high-speed fuel-injection engines.  Al- 
though the precombustion chamber makes possible the burning 
of heavy fuel oils without admixture of a volatile element, the 
use of the orifice at high engine speeds increases the thermal 
and reduces the mechanical efficiency of the engine. It may be 
shown that the use of the orifice results in the following losses: 
First, a friction or pumping loss of the gas due to forcing it 
through the orifice at high velocity; second, a loss in piston pres- 
sure caused by the lag of the gas pressure; and third, an increase 
in the heat loss to the jacket water, due to the scrubbing action 
of the gases. The use of the orifice, however, makes possible 
the attainment of a high degree of turbulence and improved 
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combustion efficiency. This improvement in efficiency is 
shown by the lower fuel consumption when taken on an 
indicated-horsepower basis. 


REQUIREMENTS OF COMBUSTION CHAMBERS 
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fuel-injection systems, the injection of the complete fuel charge 
into a high-speed engine results in substantially constant-vol- 
ume combustion of a large part of the fuel charge, resulting in 
explosion pressures which may exceed 1600 Ib. gage. In order 


The type of combustion chamber having the lowest 
heat losses is that presenting the least surface area for a given 
, volume. If this were the only requirement it would lead to 

the design of spherical combustion chambers. For actual 
engine operation, however, there are other requirements, such 
as provision for turbulence, location of valves, simplicity, and 
ease of construction, which prohibit the use of the spherical 
combustion chamber. 
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OIL AND GAS POWER SECTION 


In the design of combustion chambers for high-speed fuel- 
injection engines the most important requirements are, first, 
that the fuel spray shall be completely distributed throughout 
the combustion chamber, and second, that the degree of turbu- 
lence shall be sufficient to produce complete burning of the fuel 
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INLET AIR 
(Maximum explosion pressure, 800 Ib. gage; speed, 1500 r.p.m.) 


in the short time available. It is only recently that reliable data 
have been obtained as to the behavior of fuel sprays when in- 
jected into gases under pressure. The data obtained by the 
National Advisory Committee for Aeronautics in its investiga- 
tion of oil sprays for fuel-injection engines, by means of ultra- 
high-speed photographic apparatus, enable the combustion 
chamber to be designed to fit the fuel spray. The other require- 
ments for fuel-injection-engine combustion chambers are the 
same for any type of combustion chamber. Thus the com- 
bustion chamber must be designed mechanically strong enough 
to withstand the explosion pressures. It must also give a 
rapid dissipation of heat and prevent large differences in tem- 
perature which may lead to cracking of the cylinder head. 
Particular attention should be given to the location of the inlet 
valve to provide an unobstructed flow of the air into the cyl- 
inder, 

Some of the successful commercial fuel-injection engines 
have obtained the necessary turbulence by reducing the cross- 
Section of the combustion chamber for a short distance and 
then enlarging it into a bulb-shaped chamber containing the 
inlet and exhaust valves and the fuel-injection valve. The flow 
of gas through the connecting orifice produces a high degree of 


turbulence, and if the entire charge of air is placed within the 
bulb when the piston is on top center, the degree of combustion 
obtained is usually good. 


DESCRIPTION OF ENGINE AND APPARATUS 


The engine tests which determine the performance of a given 
design of combustion chamber are made at the Langley Mem- 
orial Aeronautical Laboratory of the National Advisory Commit- 
tee for Aeronautics on single-cylinder test engines having a 5-in. 
bore and a 7-in. stroke. The engines are coupled to 50-75-hp. 
electric cradle-type dynamometers. The cylinder heads are 
bolted to special steel cylinders which in turn are fastened to 
the engine crankcase. The test engines use standard airplane- 
engine valves, pistons, and connecting rods. Arrangements 
are provided to maintain fuel-oil and water temperatures at 
constant values. A general view of one of the engines and test 
apparatus is shown in Fig. 1. 

The fuel-injection system of this engine comprises, at present, 
a primary gear pump supplying oil at 90 Ib. per sq. in. gage 
pressure to a cam-actuated impact type of injection pump, 
Fig. 2, and an automatic fuel-injection valve. The opening pres- 
sure and design of the fuel-injection valve control the pressure 
within the injection pump. The type of valve determines the 
necessary opening pressure, and for the present work, using a 
spring-loaded injection valve, the static opening pressure is 
6000 lb. per sq. in. gage. The valve is so designed that the maxi 
mum injection pressure is also approximately 6000 lb. gage. The 
fuel used is a grade of Diesel fuel oil having a specific gravity 
of 0.847 at 80 deg. fahr. 

The engine power is determined by means of a torque scale 
and a magnetically operated stop watch and counter. The 
fuelZconsumpt ion is obtained by timing, with a stop watch, the 
flow of 200 cc. of fuel. The quantity of fuel delivered by the 
pump for any given pump adjustment may be determined from 
the total number of engine cycles passed through during the 
time the 20) ce. of fuel is burned. 

The maximum cylinder pressures have formerly been deter- 
mined by the use of a balanced-valve type of pressure gage. This 
has been replaced, however, by a diaphragm type of valve which 
is operated by the pressure of the gases within the cylinder. 
The pressure of the cylinder gases trapped above the diaphragm 
is indicated by a calibrated pressure gage. Engine tests have 
shown that it is unnecessary to provide means for cooling the 
diaphragm of this type of cylinder-pressure indicator. To obtain 
satisfactory results, however, the diaphragm of this gage must 
be protected from the formation of excessive carbon deposits. 


ComBusTION CHAMBERS 


For the preliminary testing of the operation of airless-in- 
jection engines at high speeds a standard Liberty aircraft-engine 
cylinder was used and fitted with a special aluminum piston 
to give a compression ratio of 11.4to 1. The fuel pump used with 
this cylinder was designed to give a constant rate of injection 
independent of the engine speed. The combustion chamber 
is outlined in Fig. 3, and it may be noted that it was difficult 
to arrange a suitable fuel-injection valve to reach all the air 
in the combustion chamber. When operating under power it 
was found necessary to inject the fuel charge into the cylinder 50 
deg. before top center in order to obtain reasonably good com- 
bustion. This long interval between injection and burning 
of the fuel charge resulted in explosion pressures of 1300 to 1600 
Ib. gage. The life of the aluminum pistons when operating under 
the above conditions was found to be very short. The force 
of the explosion either cracked the piston crown or the piston-pin 
bosses. Sufficient data were obtained, however, to indicate 
the possibilities of running fuel-injection engines at high speeds. 
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The curve of Fig. 4 indicates the power output and fuel econo- 
mies obtained with the standard Liberty cylinder and a special 
piston giving a compression ratio of 11.4:1. It may be noted 
that the power output is 34 per cent less than that obtained per 
cylinder by the Liberty engine at a speed of 1750, and the fuel 
economy, 0.53 Ib. per b.hp-hr., is 0.03 lb. per b.hp-hr. more than 
that obtained in the Liberty. 


CyYLINDER No. 1 


The first combustion chamber designed for fuel-injection work is 
shown in Fig. 5. This design was recommended for test be- 
cause of its uniform shape and simplicity of design. Due to the 
Liberty tvpe of valve mechanism used on the test engine, it was 
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impossible to place the fuel valve centrally in the combustion 
chamber. The only suitable fuel valve that could be used with 
this combustion chamber was one having an impact surface 
which produced a flat, fan-shaped spray of fuel. This cylinder 
head was tested with a standard Liberty Navy piston giving a 
compression ratio of 12.7 to 1. 

This type of combustion chamber when fitted with a spring- 
loaded fuel-injection valve and an impact type of cam-operated 
fuel-injection pump gave poor performance. It was found 
possible, however, to vary the injection timing and to maintain 
maximum explosion pressures of 800 lb. gage. The performance 
with this type of combustion chamber was an improvement over 
that of the standard Liberty cylinder, in that the operation of 
the engine was smoother and no trouble was experienced with 
cracking of the standard aircraft aluminum pistons. 

The experiment was tried of improving combustion by directing 
the flow of the inlet air through the inlet valve. The curves 
in Fig. 6 give the performance of this combustion chamber with 
and without directed air flow. It may be noted that it was 
found possible by directing the flow of the inlet air to increase 
the indicated mean .effective pressure (i.m.e.p.) from 82.0 to 
96.0 lb. gage witha corresponding decrease in the fuel consumption 
from 0.60 to 0.51 lb. per i.hp-hr. This increase in performance, 
obtained by directing the flow of the inlet air toward the fuel- 
injection valve, was thought to be caused by the complete re- 
moval of the products of combustion surrounding the fuel valve. 
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The fuel, therefore, was injected into a charge of relatively pure 
air which gave improved combustion. 


CYLINDER Heap No. 2 


Fig. 7 shows the outline of the first type of combustion chamber 
used having a bulb type of precombustion chamber. This cy|- 
inder head was fitted with a standard Army type of Liberty 
piston arranged to give a compression ratio of 9.9 to 1. The 
corresponding low-compression pressure of 280 lb. gage made 
for difficulty in starting from cold, and it was necessary to heat 
the jacket water or to preheat the inlet air. 

As shown by the performance curve in Fig. 8, the combustion 
chamber, when fitted with an eccentric-driven fuel-injection 
pump and a diaphragm-type fuel-injection valve, gave better 
performance than either of the other two tested. The brake 
mean effective pressure (b.m.e.p.) at full load, which is considered 
as the fuel weight giving 15 per cent excess air, and 1800 r.p.m 
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is 71.0 lb. The i.m.e.p. for the same conditions is 106.0 Ib. This 
large difference in mean effective pressures is due to the low 
mechanical efficiency of this single-cylinder test engine. I! we 
assume a mechanical efficiency of 80 per cent, the b.m.e.p. is 
increased to 84.8 lb. This same factor is responsible for the 
high fuel consumption when taken on a brake-horsepower basis. 
The fuel consumption for full load on an i.m.e.p. basis is (.42. 
The linear portion of the b.m.e.p. and i.m.e.p. curves indicates 
that for a fuel quantity of less than 0.0002 lb. per cycle, com- 
bustion is practically complete. For fuel quantities greater than 
this, however, the curves tend to flatten, which indicates that 
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the air within the cylinder is not supporting efficient combustion 
of the injected fuel. The curve of maximum pressures shown 
was plotted from data obtained with a balanced-valve type of 
maximum-explosion-pressure indicator. The ball of the indicator 
was balanced with nitrogen gas. 


CyLInDER Heap No. 3 


A third type of combustion chamber was designed to give 
a high degree of turbulence within the pear-shaped bulb on the 
compression stroke and within the cylinder on the expansion 
stroke. This high degree of turbulence was obtained by locating 
the °/,-in. orifice to direct the air flow tangentially into the 
bulb and also produce a tangential discharge of the products of 
the partial combustion within the bulb into the cylinder. The 
ratio of the volume of air in the bulb to the volume of air in the 
cylinder was approximately 1 when the piston was on top center. 
This head was tested with a compression ratio of 13.5 to 1, the 
compression pressure obtained in the engine being 450 lb. gage. 
The operation of this combustion chamber under all loads was 
smooth and regular. For full-load operation at 1800 r.p.m. the 
b.m.e.p. with a mechanical efficiency of 80 per cent was approxi- 
mately 85.0 lb. The corresponding fuel consumption was 
0.60 Ib. per b.hp-hr. 

Tests have shown that the power output may be increased 
approximately 8 per cent by rounding the orifice edges and 
flaring it to discharge the burning gases over one-half the piston 
area. Results indicate that flaring the orifice has permitted the 
fuel from the bulb to reach more of the air in the cylinder. 

CONCLUSIONS 

In conclusion it may be said that the performance of com- 
bustion chambers designed to give partial combustion and a 
controlled amount of turbulence, indicates that it is possible 
to increase the r.p.m. of the fuel-injection engine without en- 
countering excessive explosion pressures. The tests completed 
emphasize the fact that an increase in capacity of the high- 
speed fuel-injection engine depends upon the ability to obtain 
higher mean effective pressures and an improvement in the 
mechanical efficiency of the engine. 

Increasing the mean effective pressure above its present rela- 
tively low value, as compared with the carburetor engine, de- 
pends primarily upon complete mixing of well-atomized fuel 
with the air charge and the reduction of the time lag of ignition. 
The required amount of turbulence to give complete mixing of 
the fuel and air may be obtained by the design of the combustion 
chamber. It is believed, however, that the necesssry reduction 
in the time lag of ignition can only be brought about by better 
preparation of the fuel charge before injection into the engine. 

The problem of increasing the mechanical efficiency of the 
engine and reducing its weight may be solved by an application 
of the engine design and construction principles of the aeronautic 
engine. 


Discussion 


Rosertson Matuews.* The limitations of our engineering 
diction are so often encountered that the writer feels inclined to 
take exception to the title of Mr. Kemper’s paper. He would 
like to see “airless-injection” substituted for “Diesel.” It is 
particularly important that papers of this character bearing on 
engine development contain no false terminology. Future re- 
search workers may come to doubt the value of records in which 
engines that use no air for injection and operate either on the 
Otto or else the dual combustion cycle, have been called Diesels. 
The fame of Dr. Diesel requires no false diction. 


* Detroit, Mich. 


One note that is struck in this paper is particularly pleasing, 
namely, the considerable emphasis of the weak points of the prob- 
lem. Still more stress could probably have been placed upon the 
disadvantages of the bulb design. Since the size of engine 
under consideration is likely to be called upon to serve a field 
requiring wide flexibility, the self-timing of the fuel distribution 
by the bulb is not attractive. 

The loss of effective effort upon the piston owing to the re- 
stricted flow of gases through the neck of the bulb, is an item 
that has appealed to the writer’s curiosity for a longtime. On 
the one hand there is a piston that is moving relatively slowly 
compared with the nozzle velocity of gases. On the other hand 
there is the differential pressure through the neck required to 
produce a gas velocity sufficient for the gas to follow the piston. 
A discussion with numerical determinations for this problem 
might be of interest. 

Since the data show that the engine was operated at as widely 
different speeds as 1200 and 1800 r.p.m., it is regretted that the 
paper could not have been of sufficient length to qualify further 
some important statements. Under “Description of Engine 
and Apparatus” the author states that the valve is so designed 
that the maximum injection pressure is also approximately 6000 
lb. gage. Either a highly interesting nozzle has been designed 
or the stated pressure applies to some particular r.p.m. In 
the second paragraph of the paper we read: “The time lag of 
ignition, as determined for slow- and medium-speed fuel-injection 
engines, depends upon the combustion-chamber design and the 
type of fuel-injection system, an average value, etc.” This 
statement seems worthy of more attention in view of a later 
statement. Among the conclusions, we read: “It is believed, 
however, that the necessary reduction in the time lag of ignition 
can only be brought about by better preparation of the fuel 
charge before injection into the engine.’’ This is a strong state- 
ment. It appears like a veiled recognition of the limitation of the 
time required for vaporization. Having arrived thus far the 
writer would like to see the N.A.C.A. attack with vigor the prob- 
lem of the determination of the time limits to the rate of fuel 
vaporization. 


Auan E. L. Cuorutron.* With regard to smaller engines 
running at high speed, the opportunities of varying the form of 
the combustion chamber are really very small, and the Akroyd- 
Stuart type with reduced connecting duct between the chamber 
and the cylinder proper is hardly admissible, because the air 
outside the combustion chamber, as it cannot be all attacked or 
fuelized by the injection fuel, brings of necessity results with this 
type of chamber which have lower mean pressures than the plain 
type, that is, as in design No. 1. 

When the writer began development work in connection with 
high-speed engines some six years ago, both types were con- 
sidered, and as in his country (England) information was avail- 
able regarding the Akroyd-Stuart type, it could, from his own 
practical experience, be rapidly compared with the other before 
a beginning was made. However, engines of both types were 
constructed. 

The result of years of work on this form of engine is that the 
No. 1 type is the preferred one for the smaller, quick-running 
type, with plain injection and without an explosion cup or ante- 
chamber; it is thought that this will be the ultimate form. A 
number of engines of this type have now been built, and the 
accompanying tabulated results of some tests were given by the 
writer in a paper before the Institution of Mechanical En- 
gineers. 

While further experiments have since been made, these results 


4 Chief Engineer, Wm. Beardmore & Co., Ltd., London, England. 
Mem. A.S.M.E. 
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Duration Cooling-water 
of Fuel, temperatures: 
Test test, Speeds, Ib. per Inlet, Outlet, 
series hours r.p.m. B.hp. b.hp-hr. deg.fahr. deg.fahr. Fuel 
A 41/4 689.3 160.26 0.418 121.5 127.4 Shell Mex 
Diesel 
B 3 700.0 172.0 0.385 120.0 128.0 Sheil Mex 
Diesel 
3 1007.0 424.0 0.365 140.0 150.0 ~ 
diese 
D 1 1023.3 263.0 0.355 181.0 185.5 Anglo- 
Persian 


indicate how this engine has quite passed out of the experimental 
stage, and in fact numbers of them are now under construction 
for widely different purposes such as airships, railways, loco- 
motives, and other power productions, etc. 

It will interest members to know that as development work 
has gone on, mean pressures have gradually been raised, until 
now we have on test indicated mean pressures of as high as 
150 Ib. without supercharge, running at 1000 r.p.m., with a fuel 
consumption of less than 0.35 lb. per b.hp-hr. 

The mechanical efficiency of such engines is usually 85 per cent, 
which of course means a correspondingly good economy as 
compared with the indicated power, and further, less wear 
and tear. 

It does appear from practical experience with these engines, 
owing to the high class of manufacture and the thin-walled, 
less-heat-stressed material that can be put into them, that despite 
their speed they appear to have longer lives in front of them than 
the thick-walled, slow-speed marine engines. 

Regarding the author’s remarks concerning fuel injection at 
the end of the second paragraph of the paper, the writer would 
suggest to him that to get the best results he should aim for, 
instead of being opposed to, more combustion at constant volume, 
and design his engine to operate with such high pressures. He 
will find, it is believed, that the general move will ultimately be 
in this direction. 

The dual cycle is really a method of analyzing a heat cycle 
theoretically, rather than a new cycle. The conditions in any 
of the cycles in actual practice do not conform to the theoretical, 
and therefore allowances have to be made for them in all cases as 
in specific heat, dissociation, and after-burning. 

The practical variation when working in principle at con- 
stant-volume combustion would be by graduating the discharge 
of the fuel—that is to say, reducing it in the earlier part; thus 
the results of tests indicated previously are obtained with the maxi- 
mum pressure not exceeding 800 lb. and in effect, therefore, 
some constant-pressure working is achieved. In any case, how- 
ever, delayed combustion or after-burning must be avoided with 
quick-running engines. 

The writer notes what is said in regard to the precombustion 
chamber, and on the whole agrees with the author. The general 
trend in development is always to simplify, and the precom- 
bustion chamber will go in time. 

With reference to the question of turbulence, one often wonders 
whether this important factor is not being rather overstressed. 
At any rate, in the high-speed engine the rate of burning on the 
constant-volume cycle produces pressures for which undue 
turbulence does not seem necessary. Thus the extra turbu- 
lence set up in the Akroyd-Stuart engine, due to the neck, which 
has been found to be useful for the slower-speed engines, does 
not seem necessary for the high-speed. No doubt the whole 
matter is composed of variables such as the speed of injection, 
the turbulence, the form of atomization, so combined that it is 
difficult to allocate correct and separate values to each. Where 
the atomization of fuelizing of the air is not so good, then, rela- 
tively, turbulence must be increased. 

In the writer’s practical experience, he has not so far passed 
1400 r.p.m., but as this was for a relatively large cylinder—as 
small cylinders go—viz., 8'/,in. X 12 in., the speed of combustion 


indicated that higher speeds should be capable of attainment. 
Actually the least loading of parts, due to the action of inertia, 
took place at 1350 r.p.m. 

With reference to the weight of the engine, in the writer’s 
experience the engine weight when the crankcase is built of 
aluminum alloy can be obtained at even less than the 3 lb. per 
b.hp. indicated in the paper. 

A great deal of work has been done in connection with sprays, 
and a comparison of all this work is urgently needed. 

From the writer’s experience with high-speed engines, it 
does seem that the pump used, together with its fluid circuit, 
hydraulic-ram effect, etc., and the spraying mechanism, is the 
most important feature of the whole problem. More so, perhaps, 
than the forms of the combustion chamber (which because of the 
engine sizes are really very limited) and the question of turbu- 
lence, which latter the writer is prone to think is somewhat over- 
stressed at the present time. 

The form of apparatus to be used for measuring the fuel for 
multi-cylinder engines requires to be of a singularly accurate 
and consistent type. Experimental tests with one cylinder 
may show quite good results, but with an 8-cylinder engine, 
unless all cylinders are adjusted within a very narrow margin 
the results will be considerably inferior. 

The production of a special piece of apparatus for this work is 
therefore highly important. The question of the form of atom- 
izer itself is also of great importance. 

The work done by the writer's company in this direction indi- 
cates that an airplane engine can be constructed with weights 
very little in excess of those now common. Taking, for instance, 
the air-cooled radial as the type, it indicates that figures of con- 
sumption of 0.35 lb. per b.hp-hr. can be obtained, and with thi 
advent of the exhaust-driven turbine it does not seem unreason- 
able to look forward to as low a figure as 0.3 lb. per b.hp-hr. with- 
in the next two years with the further development work now 
going on with the engine proper. 

As a member in another country, but by periodic visits alive 
to the urge present in all American investigations, the writer 
would like to suggest to the Society that it take upon itself the 
duty of correlating the experimental work now going on so that all 
of it shall be pursued on agreed lines and no overlapping shall 
occur. 


In the oral discussion following the reading of the written com- 
munications, L. H. Morrison® asked whether in obtaining turbu- 
lence the author made use of a director or deflector such as the 
Hesselman, whether with different speeds better results were 
obtained by changing such a deflector and how the 15 per cent 
excess-air figure was arrived at. 

Wm. T. Magruder asked if the low volatility and slow-burn- 
ing properties of Diesel-engine oils did not limit the speed of the 
engine. At 1000 r.p.m. or even 2000 r.p.m. it might be possible 
to burn the fuel, but when it came to 4000 r.p.m. it would not 
even have time to ignite. 


Tue Avuruor. In regard to the discussion by Mr. Chorlton 
what he says may be true. That is, we may be giving too much 
attention to turbulence, but at the present time, from what we 
have done, it would seem to be absolutely necessary for high- 
speed work. We may be wrong about the type of fuel combustion 
chamber that we are using at present, but from the results 
we have obtained it shows an improvement over the other types 
we have tried. We have to admit that the plain type to which 

’ Associate Editor, Power, New York, N. Y., Assoc-Mem. 
A.S.M.E. and Chairman of session at which Mr. Kemper’s paper ws 
presented. 

¢ Professor of Mechanical Engineering, Ohio State University, 
Columbus, Ohio. Vice-President A.S.M.E. 
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Mr. Chorlton refers was not given a fair trial due to the fact 
that we were not able to locate a fuel valve centrally in the com- 
bustion chamber. 

Referring to Chairman Morrison's questions, the Hesselman 
has a deflector mounted on the inlet valve. Our deflector was 
inserted in the inlet manifold so as to direct the air around the 
inlet valve. We hit upon the idea about the first time we started 
our fuel-injection work, but it was not tried until later. Soon 
after we made our experiments Hesselman brought out his en- 
gine in which the same principle is used. 

No better results were obtained by changing the deflector. 
The work done, it should be understood, was not intended to be a 
report. It is merely a short technical note of something that we 
stumbled on accidentally. It is interesting to see that some 
time after we stumbled on it, or at about the same time, Hessel- 
man brought out an engine in which diverted turbulence was the 
basie principle. But that work has been discontinued. Our 
big problem now, is to get the b.m.e.p. somewhere around 130 
lb. per sq. in. 


We are at the same time carrying on a theoretical analysis of 
the variation of specific heats with variation of temperature, 
and from the data calculated so far we have been able to compute 
a probable value. Of course, we are not exact, but the value is 
somewhere close. The committee at present is doing a good 
deal of work on the variation of the specific heats of the gases of 
combustion. When it is completed, we should then be able to 
say whether it is 14.9 or 16.6 per cent excess air or some such 
definite figure. It is somewhere in the neighborhood of 15 per 
cent. We have done the best we could to arrive at a volumetric 
efficiency and also determine the compression ratio of the pis- 
tons, etc. With the data we have been able to obtain at present, 
we have made corrections for everything that we could. 

In reply to Professor Magruder, it may be said that we might so 
prepare the fuel that when it goes into the engine cylinder it is 
allready toburn. That is a problem that we are now taking up. 
If we can heat up the fuel and keep it under pressure so that the 
instant the valve opens we inject a vapor, then the time lag of 
ignition is gone. 
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The Study of Oil Sprays for Fuel-Injection 
Engines by Means of High-Speed Motion 
Pictures 


By EDWARD G. BEARDSLEY,! LANGLEY FIELD, HAMPTON, VA. 


Apparatus for recording photographically the start, growth, and 
cut-off of oil sprays from injection valves has been developed at the 
Laboratory of the National Advisory Committee for Aeronautics at 
Langley Field, Va. The apparatus consists of a high-tension trans- 
former by means of which a bank of condensers is charged to a 
high voltage. The controlled discharge of these condensers in 
sequence, at a rate of several thousand per second, produces electric 


HE FIRST successful compression-ignition oil engine, using 
‘1 injection, was built about 1897 by Dr. Diesel. It was 
not until about 1912 that McKechnie constructed the first 
practicable so-called solid- or hydraulic-injection engine. Since 
that time the solid-injection engine has been gradually developed 
and the demand for it has so increased that today a considerable 


sparks of sufficient intensity to illuminate the moving spray for 
photographing it. The sprays are injected from various types of 
valves into a chamber containing gases at pressures up to 600 Ib. 
per sq. in. 

Several series of pictures are shown. The results give the effects of 
injection pressure, chamber pressure, specific gravity of the fuel oil 
used, and injection-valve design, upon spray characteristics. 


of definite knowledge the design of an injection valve to give 
the best results in a particular combustion chamber has been to 
a large degree a process of cut and try. 

The study of the compression-ignition, solid-injection type 
of engine, with regard to its possible development for aircraft use, 
was started at the Langley Memorial Aeronautical Laboratory at 

Langley Field, Va., in 1921. The general problem 
was analyzed and an attempt made to attack it from 


= / fee all angles. One of the things about which actual 
knowledge was desired was the characteristics of 
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Fic. DiaGRaMMATIC ARRANGEMENT OF SpRAY-PHOTOGRAPHY APPARATUS 


humber of engine builders are manufacturing this type. 
Much progress has been made, and a great deal of 
knowledge has been gained concerning solid-injection 
engines. 

The part of the engine about whose operation we 
have the least information thus far, is probably one of 
the most important parts, namely, the injection valve. 
Sprays from injection valves have been examined in the 
atmosphere as to their cone angle, fineness of atomiza- 
tion, and rapidity of combustion when ignited. They 
have been injected into water and the penetration noted 
visually. However, the complete behavior of a spray 
injected into dense air has always been a matter for 
conjecture and theoretical computation. Yet it is some- 
thing which is very important, and because of this lack 


_' Junior Mechanical Engineer, National Advisory Com- 
mittee for Aeronautics. 

Contributed by the Oil and Gas Power Division and pres- 
ented at the Spring Meeting, White Sulphur Springs, W. Va., 
May 23 to 26, 1927, of THe AMERICAN Society or Me- 
CHANICAL ENGINEERS. 


sprays from injection valves. While the fit between 
the spray and the combustion chamber is not of so 
much importance in the case of a low-speed, low- 
capacity engine, it is vital for the high-speed, high- 
capacity engine useful for aircraft. The spray was 
therefore to be studied with regard to its penetration, 
general shape, and atomization when injected into 
dense air. 

It was thought that the method by which it would 
be possible to obtain the greatest amount of infor- 
mation about oil sprays was to take high-speed 
motion pictures of their start, development, and cut- 
off, which would show their penetration, general 
shape, and possibly their atomization. With this 
end in view preliminary apparatus was designed, 
built, and tested during the summer of 1921. How- 
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Ficg.2 GENERAL VIEW OF SpRAY-PHOTOGRAPHY APPARATUS 
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Fig. SPRAY FROM INJECTION VALVE No. 7 


(Diesel oil at 0.85 specific gravity injected at 8000 Ib. per sq. in.; compressed air at 
200 Ib. per sq. in. in chamber.) 

The following information is obtained from a series of pictures similar to the above: 

Visual Studies. General spray form; peculiarities in spray form; cut-off; phenomena 
occurring after cut-off; atomization of spray. 

Measurements and Computations. Spray penetration with time; time of cut-off after 
spray starts; spray-cone angle; volumetric growth of spray; spray distribution. 

Effects of Variables. Effects of injection pressure; effect of chamber-gas density; 
effect of specific gravity of fuel oil; effect of injection-valve design; effect of injection 
system. 


Fic. 4 Errect oF CHAMBER PRESSURE ON A NoN-CENTRIFUGAL SPRAY 


(a) Injection pressure, 8000 Ib. per sq. in. ; chamber pressure, atmospheric. 
(b) Injection pressure, 8000 Ib. per sq. in.; chamber pressure, 200 Ib. per sq. in 


Fic. 5 Errecr or CHAMBER PRESSURE ON A HiGH-CENTRIFUGAL SPRAY 


(a) Injection pressure, 8000 Ib. per sq. in.; chamber pressure, atmospheric. _ 
(b) Injection pressure, 8000 Ib. per sq. in.; chamber pressure, 200 Ib. per sq. in. 


ever, it was found impossible to obtain a series of pictures of 
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apparatus to determine the effects of injection pressure, 
chamber pressure and gas density, fuel oil used, and in- 
jection-valve design on oil sprays. Thus the develoy- 
ment of single sprays with time, their velocities, penc- 
tration, distribution, form, spray-cone angles, actual 
volumes, and relative atomization are determined for 
various types and designs of injection valves. Several 
phenomena connected with injection hydraulics hav- 
also been investigated. 

The injection valves studied include mechanical, 
operated valves, and automatic-injection valves es- 
pecially developed for high-speed operation. The sprays 
are discharged from round orifices with or without 
directing impact surfaces, and through annular orifices 
Spiral grooves with helix angles of from 23 to 90 deg. 
have been used to break up the spray by means of cen- 
trifugal force. The former groove angle gives a spray 
to which about the maximum amount of centrifugal 
force practicable has been applied, while the latter gives 
a non-centrifugal spray. 


APPARATUS FOR TAKING Moric, 
PicTURES 

The problems involved in taking moving pictures of 
oil sprays from injection valves presented numerous 
difficulties. The two outstanding problems were the 
necessity of having a duration of exposure of about a 
millionth of a second, and the production of photo- 
graphic records, with this short exposure, at a rate of 
several thousand a second. The extremely short dura- 
tion of exposure necessary can be easily computed hy 
assuming that the spray has an initial velocity of 500 
ft. per sec., or 6000 in. per sec., and permitting a dis- 
tortion of '/ioo in. of the spray image recorded on a 
photographic film. For these conditions the duration 
of exposure must not be more than '/¢00,000 sec. Cal- 
culations will show that it would be practically impos- 
sible to build a mechanically operated shutter which 
would give such a brief exposure. Also, with this in- 
finitesimal duration of exposure the illumination must 
be very intense in order to produce a satisfactory 
record on the film. The only solution of the problem 
seemed to be to use the discharge of electrical con- 
densers, thus eliminating mechanical shutters, the 
duration of the spark from a condenser discharge b« ing 
known to be of the short time required. 

The next requirement was that the series of pictures 
of the spray be taken at a rate of several thousand 
per second. This necessitated the use of a number of 
condensers arranged so that they could be discharged 
at the required frequency. 

The first electrical system investigated consisted of 
fifteen Leyden jars, which were charged by a static ma- 
chine. Because of the dampness of the climate the 
machine failed to charge satisfactorily, and also the 
Leyden jar condensers were too small. 


A 100,000-volt transformer and kenetron rectifying tubes 


oil sprays with the apparatus then in use. Finally, in the fall of | were next installed. A bank of 30-in. X 30-in. glass-plate con- 
1924, the photography of oil sprays in dense air became a reality. densers was built, but was unsuccessful because of excessive 
From that time to the present day much improvement hasbeen surface leakage and frequent puncturing of the glass plates. 
made in the apparatus and methods, and considerable knowledge Twenty-five condensers were then built with micanite plates for 
has been gained concerning the several factors governing the dielectrics, and these have proved successful. 


characteristics of oil sprays. 


The present spray-photography apparatus, so far as is know, 


was the first apparatus ever built capable of recording by * 


RANGE OF INVESTIGATION 


series of pictures the growth of oil sprays. A diagrammatic 


Various researches have been carried on with the present layout of the apparatus is shown in Fig. 1 and a general vieW 
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is shown in Fig. 2. The electrical apparatus consists of 
a high-tension transformer, two kenetron rectifying tubes, 
a bank of twenty-five condensers, a rotating distributer 
switch, a timing switch, and a spark gap in front of a 
reflector for focusing the light on the moving oil spray. 
Figs. 1 and 2 show the transformer and kenetron rec- 
tifying tubes by means of which the twenty-five con- 
densers are charged to 30,000 volts through the rotating 
distributer switch. One terminal of each condenser is 
connected to a contact on the switch panel, and the 
other is grounded. Discharge across the spark gap can- 
not take place until the timing switch operated by the 
camshaft is rotated, when each condenser is discharged 
in sequence across the gap. The frequency of the dis- 
charges is controlled by the speed of rotation of the 
distributer switch. This switch is of the rotating, mul- 
tiple-break type, by means of which it is possible to 
make and break a high-tension circuit without serious 


(a) 


Fie. 6 Errect or VALve Size upON CENTRIFUGAL Sprays 


arcing. tion pressure, 8000 Ib. per sq. in.; chamber pressure, 200 Ib. per sq. in. 


Tue INJECTION SysTEM 


The apparatus for the production and control of 
sprays is shown diagrammatically in the left-hand half 
of Fig. 1. It consists of a high-pressure hydraulic 
hand pump a pressure tank, timing valve, cut-off valve, 
initial-pressure contro] valve, motor-driven camshaft, 
and spray chamber. 

The hydraulic hand pump used is of the ordinary 
plunger type and is capable of delivering oil at pressures 
up to 12,000 lb. per sq. in. The pressure tank provides 
a sufficient volume of oil under pressure to insure a prac- 
tically constant pressure on the oil during the whole in- 
jection period. The timing valve consists of a spring- 
loaded needle valve which is lifted from its seat by 
a cam-operated lever. The cut-off valve is a poppet 
valve actuated by another cam-operated lever. The 
duration of injection is controlled by adjusting the lever 
along the cam so as to obtain earlier or later operation of 
the cut-off valve with respect to the timing valve. The 
mechanism is so designed that the amount and rate of 


off positions of the lever. The initial-pressure control 
valve, when opened, allows oil to be pumped directly into 
the injection-valve tube, either for testing the opening pres- 
sure of the valve or to provide the correct initial pressure 
in the injection-valve tube before injection. 

The shaft carrying one half of the jaw clutch is driven 
at 900 r.p.m. by a motor. The clutch is similar to the type 
used on punch presses, and is so arranged that when the 
trip lever is struck the two halves of the clutch engage and 
the hollow shaft carrying the cams is given one revolution. 
The timing switch is connected to the camshaft by means 
of a serrated coupling and can be turned so that it will 
make contact at the proper time to synchronize the begin- 
ning of the sparks with the beginning of the spray. 

The spray chamber is of cast iron, two sides of which 
are formed by frames holding optical-glass windows one inch 
thick, supported on rubber. The window frames are bolted 
on and sealed with rubber gaskets. Gas pressures up to 
600 lb. per sq. in. are used in the chamber. 


Tue RecoRDING APPARATUS 


The recording apparatus consists of a camera box contain- 
ing a lens and a motor-driven film drum. To concentrate 
the light of the spark upon the spray a reflector is used. It 
will be noted from Fig. 1 that it is offset from the line of the 


(b) 


Spray with discharge. 
chamber pressure, atmospheric. 

opening of the valve is practically constant for all cut- with mo dlecharee. 
mber pressure, atmospheric. 


Ratio of orifice area to groove area, 0.19; orifice area, 0.000113 sq. in.; injec- 


Ratio of orifice area to groove area, 0.19; orifice area, 0.00038 sq. in.; injection 
pressure, 8000 Ib. per sq. in.; chamber pressure, 200 lb. per sq. in. 


Fie. 7 CrntriruGaL Spray Wits anp Seconpary DiscHarGE 
Arter Cut-Orr 


Injection pressure, 8000 Ib. per sq. in., 
Injection pressure, 8000 Ib. per sq. in.; 


Injection Pressure, Lb. per Sq. In. 


Fie. 8 Errect or INJeEcTION PRESSURE ON SPRAY PENETRATION 
(Injection valve No. 7; cylinder orifice, 0.0155 in. diam.; fuel used, Diesel oil of 


0.85 specific gravity; nitrogen in spray chamber at 200 lb. per sq. 
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ag 3 . yt opens after the required time interval, releases the 
\ 25 RY pe pressure, and causes the injection valve to close 
5 er & ey J —| and cut off the spray. The timing switch is closed 
2 & ae LL when the timing valve is opened and the con- 
3 £3 We densers are discharged across the gap, a series of 
4 52 | — 25 pictures being taken of the start, development, 
= > NITROGEN GAS IM CHAMBER and cut-off of the spray. 
1111 | 
Time, Seconds| Fig. 3 shows a complete spray from an injection 
valve employing medium centrifugal force. The 
¥ | injection pressure was 8000 lb. per sq. in., and the 
= SEC—+-y | chamber-air pressure was 200 lb. persq.in. The 
, ee ce _| actual penetration of the moving spray in inches and 
4~ a the time in thousandths of a second from the start 
) | _ of injection are given by the scales. The start o/ 


Absolute Density of Gas, Lb. per Cu. Ft 
A) 100 200 300 400 500 600 700 800 
Absolute Air Pressure, Lb. per Sq. In. 


Fie. 9 Errect or Gas DeEnNsITy oN SprRAY PENETRATION 


(Injection valve No. 7; 23-deg. spiral grooves; 0.022 in. diam. of orifice; injection pres 
sure, 8000 Ib. per sq. in.; fuel used, Diesel oil of 0.85 specific gravity; gas in spray cham 


ber, nitrogen, carbon dioxide, or helium.) 


The end of the spray after cut-off appears some- 
what like a corkscrew. This spiral appearance 
is probably caused by whirling of the oil drops 
which have passed around spiral grooves inside the 
valve, and seems to continue after the oil has left 
the valve in spray form. It will be noted that the 


spray seems to have lost its motion in the last few 
pictures, especially at the nozzle where the spray 


wo 


| is practically hanging motionless in mid-air. 
ging 


The penetration-time curves are plotted from 
data computed trom measurements of the spray 
images on each film, taking into account the film 


re 


speed and photographic reduction as has been done 


HEAVY USED 


in computing the scales on the above-mentioned 
pictures. The spray volumes are computed by 


Spray Penetration, Inches 


ae 


summation of the differential cylinders making up 


0.00! 0.002 0.003 0004 0005 0006 
Time, Secon 


each spray. 
In Fig. 4 are shown non-centrifugal sprays from 
a cylindrical orifice injected at 8000 Ib. per sq. in. 


e SEC. 


pressure into the atmosphere, and into 200 lb. per 


Spray Penetration, Inches 


sq. in. air pressure. The sprays appear somewhat 


like fir trees with drooping branches. This is he- 
cause the velocity of the drops of oil is practically 


zero at the outside of the spray and increases 


0 
065 0.70 075 0.60 085 090 0.95 1.00 
Specific Gravity of Oil 


Fie. 10 Errect or Speciric Gravity oF O1L ON Spray PENETRATION 
(Injection valve No. 7; 23-deg. spiral grooves, 0.022 in. diam. orifice; injection pres- 
sure, 8000 Ib. per sq. in.; fuel oil used, gasoline. kerosene, Diesel, and heavy fuel oil of specific 
gravity 0.705, 0.799, 0.85, and 0.90, respectively; air in spray chamber at 200 Ib. per sq. in.) 


chamber and film drum. Only the light refracted by the spray 
itself passes in through the lens and records the series of pictures 
of the moving spray upon the film. The film is fastened around 
a drum 30 in. in circumference which is mounted on the shaft of 
an electric motor. The speed of rotation of the film, together 
with the rate of discharge of the condensers, determines the 
spacing of pictures. An F:2 Taylor-Hobson Cooke lens is 
used. All pictures of the sprays are taken half-size on commer- 
cial photographic roll film. 


OPERATION OF APPARATUS 


The operation of the apparatus is as follows: The initial 
pressure in the injection-valve tube is adjusted, after which 
the control valve is closed. Oil is pumped into the pressure 
tank to the test pressure, and the air pressure in the spray cham- 
ber is adjusted. All test conditions being obtained, the clutch 
trip lever is struck. The timing valve opens, allowing oil under 
high pressure to pass to the injection valve and open it, causing 
a spray to shoot across the chamber. The cut-off valve then 


toward the center. The oil seems to shoot out 
through the center and spill over on the sides, 
much like a fountain of water. On the sides of the 
sprays, clouds of oil particles appear as bumps, 
which do not change their position from one picture 
to another. They show that the oil particles at the 
outside of the spray are motionless. The included angle for 
these sprays was increased 50 per cent by injection into dense 
air. The atomization also appears to be increased, as shown 
by the pictures. 

High-centrifugal sprays injected into the atmosphere and into 
200 lb. per sq. in. air pressure are shown in Fig. 5. The reduction 
in the spray angle with the spray injected into dense air is about 
40 per cent. This may well explain the failure of some centri- 
fugal valves to operate successfully in an engine when the spray 
appeared well suited for the engine combustion chamber from 
observations made in the atmosphere. This decrease of spray- 
cone angle is characteristic of all centrifugal sprays. 

In Fig. 6 are two sprays, injected into 200 lb. per sq. in. alt 
pressure, which show what might be called scale effect; that is to 
say, the ratio of orifice area to groove area is the same for both, 
but a larger orifice and grooves were used for the second spray, 
and as a result the quantity of oil injected was nearly three times 
as great. 

Fig. 7 shows a spray which has a small secondary spray (is- 
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charge taking place after cut-off. This phenomenon is thought 
to be caused by a pressure wave in the oil line, and was eliminated 
in the second series of pictures by increasing the length of the 
injection-valve tube, thus damping out the pressure wave be- 
cause of the increased friction and greater oil volume. 
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Fic. 11 Errecr or Groove Heirx ANGLE ON SpRAY CHARACTER- 
ISTICS 

(Injection”"valve No. 7; 0.022 in. diam. orifice; injection pressure, 8000 

lb. per sq. in.; fuel oil used, Diesel oil of 0.85 specific gravity; gas in spray 
chamber, nitrogen at 200 Ib. per sq. in.) 


Errect OF INJECTION PRESSURE 


Fig. 8 shows the effect of injection pressures of from 2000 
to 8000 Ib. per sq. in. on the penetration of sprays, from a 0.0155- 
in.-diameter round orifice, injected into 200 Ib. per sq. in. air 
pressure. The curves are almost straight and parallel, which 
shows that the penetration increased nearly in proportion to the 
injection pressure. This is a characteristic result. There is 
of course a limit beyond which increase in the injection pressure 
would not increase the penetration and might even decrease it. 
This limit is reached when the drops are atomized so finely 
as to be too light to penetrate the dense air. The injection 
pressure affects the spray-cone angle as well as the penetration. 
Increase in the injection pressure causes a narrower spray-cone 
angle with a non-centrifugal valve, and a wider spray-cone 
angle with a high-centrifugal valve. 


Errect or Gas DENsITY 


Fig. 9 shows the effect of chamber-gas pressure and density 
upon the spray penetration after 0.001, 0.002, and 0.003 sec. 
The main curves were cross-plotted from the curves shown in 
the insert, which are for nitrogen gas, and from similar curves 
obtained with helium and carbon dioxide gas in the chamber. 
Each point is labeled as to the gas which was used in obtaining 
it. The points obtained by injection into the various gases 
were all plotted on a basis of absolute gas density. As all of the 
points lie on the curves, this shows that it is the absolute density 
of the gas which controls spray penetration, that the viscosity of 
the gases has no appreciable effect, and pressure affects the 
penetration only in so far as it controls the density. This indi- 
cates that it is the density of the gas in the engine which controls 
Spray penetration in an engine cylinder, and not the compression 
pressure, 


Errect oF Speciric Gravity oF Fuser 


Fig. 10 shows the effect of the specific gravity of the fuel used 
upon the spray penetration after 0.001, 0.002, 0.003, and 0.004 
sec., with a high-centrifugal valve spraying into 200 lb. per sq. 
in. chamber pressure. The points for the curves were cross- 
plotted from the curves for heavy fuel oil shown in the insert, 
and from similar curves for the other fuel oils. 

The penetration is seen to increase with the specific gravity 
and from the upward trend of the curves; oils of greater specific 
gravity than those tested would have still greater effects. From 
the curves, a heavy oil of 0.90 sp. gr. would have 10 per cent 
greater penetration after 0.003 sec. than an ordinary Diesel oil 
of a sp. gr. of 0.85. The heavy oil is more viscous than the 
others, and is not as readily atomized. This makes the spray 
angle narrower and helps to produce greater penetration. 


EFrect oF VALVE DESIGN 


The effect of the groove helix angle on the penetration, cone 
angle, and ratio of spray volume to oil volume with a valve inject- 
ing into 200 Ib. per sq. in. air pressure is shown in Fig. 11. The 
penetration increases considerably with increase in the angle 
of the spiral grooves, the 90 deg. or non-centrifugal spray having 
60 per cent greater penetration after 0.003 sec. than does the 
23-deg. high-centrifugal spray. The spray angle was decreased 
from 53 deg. to 23 deg. by this same increase in the groove helix 
angle. 

To find the relative distribution, and to obtain an indication 
of the atomization of the spray, the actual spray volumes were 
computed. The quantities of oil injected with each valve set-up 
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Ratio of Orifice Area to Groove Area 


Fig. 12 Errecr or Ratio or Orifice ArEA TO GRoovE AREA ON 
Spray CHARACTERISTICS 

(Injection valve No. 7; 23-deg. spiral grooves; 0.012, 0.022, and 0.040 in. 
diam. orifices; injection pressure, 8000 Ib. per sq. in.; fuel used, Diesel oil 
of 0.85 specific gravity; nitrogen in spray chamber at 200 Ib. per sq. in.) 
were, however, different, so in order to put them all on the same 
basis, the ratios of spray volume to oil volume were computed. 
These are plotted in Fig. 11 and indicate the spray distribution. 
The distribution was 100 per cent greater for the high-centrifugal 
than for the non-centrifugal spray. 

The effects of varying the ratio of orifice area to groove area 
from 0.19 to 2.05 upon the spray penetration, cone angle, and the 
ratio of spray volume to oil volume, with 200 lb. per sq. in. air 
pressure are shown in Fig. 12. The penetration increases 
rapidly as the ratio becomes very small. The ratio was decreased 
by decreasing the size of the orifice, the groove area being kept 
constant. Thus the orifice became very small with a small 
ratio and the rotation of the jet initiated by the spiral grooves 
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could not continue effectively, through this small orifice. The 
energy which with a larger orifice was consumed in rotating 
the oil, went into giving the spray axial penetration in the case 
of the very small orifice. The spray angle was therefore re- 
duced, and this is shown by the spray-angle curve. The shape of 
this curve seems to indicate that the spray angle would not be 
greatly increased by increase in the ratio beyond 2.0. 

The curve at the top of the sheet shows the effect of the ratio 
of orifice area to groove area upon the spray distribution. This 
curve would seem to indicate that the orifice size has considerable 
effect upon the spray distribution and possible atomization. 


CONCLUSIONS 


The test results presented in this paper are examples of the 
information which it is possible to obtain by means of the spray- 
photography apparatus described. The results show some 
fundamental effects of injection pressure, chamber pressure. 
specific gravity of the fuel oil used, and valve design upon oil- 
spray characteristics. By means of such investigations, data 
are obtained which make possible the design of injection valves 
to produce sprays for various sizes or shapes of engine com- 
bustion chambers. 


Discussion 


Rospertson Matuews.? The success attained by the National 
Advisory Committee for Aeronautics in photographing oil sprays 
in a manner that reveals the spread and penetration of the 
jets from different types of nozzles, will be followed, it is hoped, 
by the obtaining of like information on the magnitude and in- 
terval of that more illusive phase of solid injection to which 
we apply the somewhat broad term “dribbling.’’ Pictures of 
jet dribbling should be worth while even though they do no 
more, for the time being, than lead to a more specific definition 
of the term. 

There is much concern among many engineers over the effect of 
dribbling upon fuel economy. Much effort has been expended 
on the design of pumps to reduce dribbling. Since the end is 
probably the most difficult phase of injection to control, photo- 
graphic evidence of the characteristics of that phase would seem 
to deserve equal, if not more, attention than the initial discharge. 

Paper targets have revealed that for a given nozzle and pump 
there are certain fuel quantities and r.p.m. that give the most 
uniform discharge, with a smaller percentage of the injection 
interval consumed in nozzle-closing effects. The determination 
of the variations in discharge characteristics with r.p.m. should 
aid in the development of greater engine flexibility. 

Regarding the extent to which such photographs can be used 
to aid in developing combustion-chamber design, an early de- 
cision may lead us astray. Much stress is laid today upon turbu- 
lence. We should like to observe how a stream of air of a density 
corresponding to 300 Ib. abs. and 800 deg. fahr. may be able to 
bend or divert the spray. It would not call for much change in 
the equipment to connect to the spray chamber an air loop with 
a spring-actuated piston to alter the location of the air, or of an 
inert gas, in the loop and chamber during injection. 

There is a growing opinion that we must get nearer to the 
actual operating phases in order to obtain trustworthy informa- 
tion bearing on engine-cylinder design. We should like to see 
the N.A.C.A. develop for their experimental engine a glass 
cylinder, or else something like Ricardo’s quartz windows. 
Then the present photographic equipment could be applied to- 
gether with suitable additions to catch a picture of the inflam- 
mation of the charge. There is a tendency among jet investi- 
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gators to overlook the possibility of combustion wiping out the 
crest of jet before the injection is completed. 


O. E. JorGensen.* Our knowledge of fuel-oil sprays has been 
limited to what we could observe in the open air, and any one 
has been free to imagine what effect the greater density of the air 
in the compression space of a Diesel engine might have on them. 
The experiments recorded in the paper have removed this un- 
certainty and will assist experimenters in this field in visualizing 
more exactly and truly what actually takes place inside the 
cylinder, at least during the injection period. 

In connection with development work on two-cycle solid- 
injection Diesel engines using high fuel-oil pressures, a number of 
observations of sprays were made last summer in Worthington 
Pump and Machinery Corporation’s Buffalo Works, and even 
though these experiments were limited to the open air, some of 
the results obtained may be of sufficient general interest to 
justify mention. 

Arrangements were made to motor the engine with its fuel- 
oil pump at engine speed (400 r.p.m.); the fuel spray valve could 
be fastened to a bracket at the side of the flywheel so that the 
spray would shoot straight across the outer cylindrical surface 
of the wheel and by the trace of oil left on the wheel give informa- 
tion on the following conditions: 

a_ The time lag between the beginning of the discharge stroke 
and the beginning of the discharge from the spray valve, which 
was found largely to depend on the volume of oil contained in the 
pump and the discharge line. 

b The location of the dead center in relation to the actual 
beginning of the injection. 

ce The actual end of the injection for any load carried by the 
engine, which was regulated by a hand-operated handle. 

d The function of the fuel spray valve and fuel-oil pum», 
especially their ability to produce a spray starting sharply and 
terminating suddenly without any dripping. When the fune- 
tioning had been perfected, the picture left on the flywheel 
was an area thickly coated with fuel oil and confined between 
two straight, sharp lines marking the beginning and end of the 
injection and located on the wheel at an angle with the center 
line of the spray valve which disclosed the velocity of the jet, 
or, as it is called in this paper, the penetration. 

In one experiment the nozzle diameter was 0.00135 in., the fuel 
oil pressure about 5000 lb., the flywheel diameter 25 in., the speed 
400 r.p.m., the fuel light Diesel oil, and no centrifugal action was 
employed. In this case the jet traversed the 6-in.-wide whee! in 
the time required for the wheel to advance 1 in., which means 
that the jet velocity was six times as great as the rim velocity 
or 260 ft. per sec. In the terms used in the paper, the penetra- 
tion in 0.002 sec. is 6.2 in. 

It is interesting to compare this result with those given in ‘he 
paper. The nozzle was of the type used for the experiments 
given in Fig. 8, for which a penetration into an atmosphere of 
200 Ib. is found equal to 3°/, in. Fig. 9 shows the effects of 
density of the atmosphere and gives 3*/, in. for atmospheric 
pressure, but only 2°/, in. when the air pressure is 215 Ib. abs. 
Increased in this ratio the penetration of the Fig. 8 jet into open 
air would be 5.1 in. as against 6.2in. found by the flywheel method. 
These two values are close enough to demonstrate the merits 
of this method of experimentation, and had the determination of 
the penetration been the main object of the test it would have 
been an easy matter to determine it more exactly, namely, by 
making a correction for the spread of the fuel-oil jet, which has 
an effect on the lines drawn on the flywheel tending to give too 
high a value of the penetration. 

? Worthington Pump and Machinery Corporation, New York, 
N. Y. Mem. A.S.M.E. 
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In closing, the writer would ask why it is that the penetration 
found in Fig. 9 for 215 lb. abs. pressure is not the same as the one 
found in Fig. 10 for fuel oil of 0.85 specific gravity, as all condi- 
tions recorded for the two experiments in that case would seem 
tobe alike. The penetrations are respectively 31/2 in. and 4!/, in. 
in 0.003 sec. 


P. H. Scuweirzer.‘ It may not seem evident to many, but 
the author’s paper has for its direct object methods for making 
oil engines lighter, safer, and more economical. 

In the last twelve months we have witnessed heroic efforts and 
a number of failures in attempts to cross the Atlantic in an 
airplane. A year ago Captain Fonck’s Sikorsky plane exploded 
when it tried to hop off with the heavy load. The plane burned 
and the accident took two lives. With engines using non- 
volatile oil instead of volatile and explosive gasoline that fatality 
might have been avoided. Captains Davis and Noel were killed 
because their plane was unable to lift safely the weight of the 
fuel. The French fliers Nungesser and Coli decided to omit radio 
from their equipment because they needed all of the lifting power 
for fuel. A radio sending apparatus might have saved their 
lives. Present-day oil engines consume about 0.4 lb. per hp-hr., 
while gasoline engines use more than 0.5 lb. Twenty per cent 
of the fuel, i.e., more than 1000 Ib., could have been saved with 
oil engines and the spare lifting power used for radio equipment, 
stronger fuselage construction, ete. if the development of the 
high-speed oil engine had reached the stage which we hope it will 
reach in five or ten years from now and which will permit their 
safe application in airplanes. 

The National Advisory Committee at Langley Field is doing 
more for such development than any other organization in the 
world, and the present paper is a fine example of their activities. 

Information regarding the characteristics of oil sprays when 
injected into a chamber filled with high-pressure air or gases is 


‘Associate Professor of Engineering Research, Pennsylvania 
State College, State College, Pa. 
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Fic. 14 Pressure CHAMBER FoR USE IN FUEL-Spray ExpeRIMENTS 


very essential for improving the performance of injection oil 
engines. The Engineering Experiment Station of the Pennsyl- 
vania State College has started an investigation of oil sprays for 
solid-injection engines. This investigation will cover low-speed 
stationary engines as well as the high-speed automotive engine, 
and the line of attack differs somewhat from the one described in 
the paper, which use high-speed 

photography. 
Fig. 13 gives an idea of the 
experimental arrangement 
adopted, and Fig. 14 shows the 


pressure chamber. 
4 The pressure chamber is a 
} rectangular casting with 28 xX 
' 20 X 20-in. outside dimensions 
‘ and a 2 to 2!/,-in. wall thick- 
_ + ness, tested for 800 Ib. hydro- 
TURROR static pressure. It has two 
‘ SCALE plate-glass windows 1 in. thick, 
one for observation and one for 
/ AIR, illumination. The observation 
PRESSURE GAGE window is provided with a 
window wiper for cleaning off 
0 the oil. Illumination is fur- 
LUM nished by a 400-watt lamp. 
OL STRAINER, a" In the study of the penetra- 
tion energy visual observation 
] WINDOW WIPER is supplemented by a pendulum 
device (on top of the chamber) 
ayn comeressoe which is deflected by the im- 


ELECTRIC MOTOR 
NOZZLE CONTROL 


PRESSURE CHAMBER 


PRAY STROBOSCOPE 


pingement of the spray. The 
( deflection of the pendulum is 
shown by a light beam reflected 


Fie. 13) Diagram or ExpERIMENTAL EQuIPMENT AT PENNSYLVANIA STATE COLLEGE 


by a small mirror attached to 
the pendulum, and after a second 
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Fie. 15 Pressure INDICATOR AND RECORDING APPARATUS 


reflection by the long 45-deg. mirror is projected to the screen 
visible at the right-hand side of the chamber. 

The compressed-air line connects the pressure chamber with 
the air bottles (in the background), which are filled by a four- 
stage air compressor located in the next room and therefore 
not visible in the picture. 

At the left-hand end of the pressure chamber the injection 
nozzles are mounted in adjustable nozzle holders. By using 
spacers the distance from the nozzle tip to the pendulum can be 
varied. Injection both by automatic and by cam-actuated nozzles 
is studied. The standard experimental nozzle is cam-actuated 
and the oil pressure is maintained uniform during the injection. 
For this purpose an accumulator is placed in the line which 
prevents a rapid variation of the liquid pressure. The pressure 
is produced by a hand pump capable of giving 10,000 lb. per 
sq. in. 

In order to produce rapid single injections a control mechanism 
operates the lever which acts on the needle valve of the nozzle. 
The fuel cam, while revolving, moves axially and disengages 
from the roller after one revolution is completed if so desired. 
In this way not only continuous but intermittent sprays can be 
studied by one or any number of injections. 

When testing automatic injection nozzles, a cam-driven power 
pump will be used instead of the hand pump. 

To record the pressure variations in the injection line during 
the short time of the injection, a special indicator, Fig. 15, 
is used. 

In preparing for this investigation we were confronted with the 
problem of recording pressure variations which take place in as 
short a time as one-hundredth of a second or less, and during 
which time the pressure rises to several thousand pounds per 
square inch and drops back almost to zero. Since no instru- 
ment seemed to answer these requirements the indicator is shown 
in Fig. 15, was developed and built in the college shops. 

The main principle of the indicator is the use of a number of 
pressure-registering elements instead of a single one. Each of 
the six diaphragms is set for a different pressure and at the instant 
the pressure reaches a predetermined pressure, electric contact 
is made which is recorded on a rotating drum. The contact is 
maintained as long as the pressure exceeds the pressure for which 
the diaphragm is set, and during that time the corresponding 
spark needle on the drum punctures the paper at each spark, 
producing a row of holes. In this way a number of lines are pro- 


duced, the length of each corresponding to the time interval 
during which the pressure exceeds the pressure for which the 
respective diaphragm is set. Using six diaphragms, which 
deflect at, say, 200, 400, 750, 1200, 2000, and 3000 Ib. per sq. in. 
pressure, respectively, we obtain 12 points, 6 for the ascending 
and 6 for the descending curve, indicating the time at which 
these pressures were passed during the injection. The connection 
of these twelve points into a continuous curve giving a time- 
pressure diagram offers no difficulty. The electrical recording 
is practically instantaneous, and since the movement of the 
diaphragms is but a few thousandths of an inch, the inertia effect 
is negligible. 

With this indicator, pressure variations of several thousand 
pounds within less than one-hundredth of a second have been 
recorded and time-pressure diagrams obtained. 


EpGar J. Kates. Much interest attaches to Fig. 5, compar- 
ing a high-centrifugal spray injected into the atmosphere with 
the same spray injected into dense air. The reduction in pene- 
tration into dense air was to be expected, but the reduction in the 
spray angle could not be so positively foreseen. Until this was 
proved by direct experiment, many designers believed that in- 
jection into dense air would cause a spray to broaden or dis- 
perse more than in the atmosphere. Research work of this 
sort is exceedingly valuable for ridding the practical mind of its 
preconceptions. 

Referring to Figs. 11 and 12 showing the effect of injection- 
valve design on the spray characteristics, too much importance 
ought not be attached tothe “ratio of spray volume to oil volume. ” 
At first thought this ratio seems to be a measure of the atomi- 
zation, but as a matter of fact it indicates only the size of the 
periphery of the spray, and does not show either the distribution 
of the oil particles in the interior or their size. It would be 
quite possible to have many sprays of different types but with 
the same periphery. One spray might have practically all the 
oil concentrated in the exterior surface in the form of large parti- 
cles. Another might have fine particles on the exterior and larger 
particles inside. Still another might have particles of uniform 
size, uniformly distributed throughout the entire spray volume. 
Obviously these various sprays would perform quite differently in 
an engine. 

There has been some criticism of the elaborate manner in which 
the National Advisory Committee for Aeronautics has under- 
taken its research work on oil sprays, but the problems involved 
are almost limitless and it seems impossible for the research 
to be made too thorough. 


Avan E. L. Cuorttron.* The author in opening his paper 
seems to have overlooked the large development in the use of 
injected oil in a self-ignition engine, begun by Akroyd-Stuart 
lately deceased, but whoin his lifetime claimed to have anticipated 
Diesel—his patent is dated two years earlier—as particularly 
exemplified in such engines as those of the Lincolnshire type 
A vast amount of interesting information can be drawn from 
development work in this field which would undoubtedly be valu- 
able to investigators at present concerned with similar problems 

The forms of the sprays experimented with by the author do not 
quite convey themselves to the author in a strictly practical 
sense. It is essential that a spray shall start with a high degree 
of sharpness and cease at even a higher rate still—that is to say. 
that the valve shall seal itself quite tightly and extremely smartly. 
The percentage effect of dribbles, or loss of oil, absolutely spoils 
the consumption figures if they are to be good ones. It is there 


6 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
6 Chief Engineer, Wm. Beardmore & Co., Ltd., London, Eng!an¢- 
Mem. A.S.M.E. 
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fore necessary to concentrate on sharp mechanical action and not 
on the spray alone. 

The injection pressure should mainly be set up by the orifices 
themselves, and not by the loading of the needle valve. The 
writer suggests that the oscilloscope is a good agent for exam- 
ination in this respect. 


Tue Avutruor. Mr. Jorgensen in his discussion mentions a 
nozzle diameter of 0.00135 in. I am very sure that this should be 
0.0135 in. In elosing he asks why there is a difference in pene- 
tration shown by Fig. 9 and Fig. 10 for what appear to be the 
same conditions. The reason for this difference is that the 
lengths of the orifices used were different in each figure. The ori- 


fice length in Fig. 9 was 0.058 in. and that used in Fig. 10 was 
0.035 in. The orifice length has a considerable effect on the 
spray characteristics of centrifugal-type injection valves. | 
refer to N.A.C.A. Report No. 268, entitled ‘Factors in the Design 
of Centrifugal Type Injection Valves for Oil Engines,”’ by W. F. 
Joachim and E. G. Beardsley. This contains a section devoted 
to the effects of ratio of orifice length to diameter on spray 
characteristics. 

My statement in the paper that Dr. Diesel was the first 
to build a successful compression-ignition oil engine was based 
on all the information that I was able to obtain. I am glad 
that Mr. Chorlton corrected me as to the precedence of Akroyd- 
Stuart’s engine developments. 
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Diesel Engines for Locomotives 


By R. HILDEBRAND,!' ST. LOUIS, MO. 


Objections to the steam locomotive are made on grounds of in- 
efficiency, the author stating that 92 to 98 per cent of the heat in 
the coal is being wasted, while a Diesel locomotive has an efficiency 
of about 33 per cent. The Diesel locomotive, however, cannot be 
started ‘under full load, cannot carry any overload without ex- 
cessive pressures and temperatures, and is so inflexible that an 
indirect drive or transmission is necessary. The principal objec- 
tions to the indirect drive are cited by the author, who then makes 
the proposal of improving the cylinders of the steam locomotive so 
that they may be used either as steam or Diesel cylinders or as both 
simultaneously, thus retaining the advantages of both types of en- 
gine. An explanation of the working of such an engine is given, 
and the conditions under which the various combinations of opera- 
lion are to be used are explained. Typical indicator cards for 
steam, for Diesel, and for combination operation are given, and the 
advantages of the system are explained. In closing the author 
answers a number of questions and objections which naturally 
present themselves. 


and weak points of the steam locomotive and the existing 
Diesel locomotives. It will be seen that the combination 
of Diesel and steam power will result in an engine which is 
apparently superior to either of the two mentioned types. 

The steam engine, in some respects, is remarkably well adapted 
to the requirements of the railroads. It can start under 
full load and can carry a heavy overload. This makes it prac- 
ticable to directly drive the axles; thus a steam locomotive with 
this type of drive is not only very flexible, but is also a simple and 
cheap engine. 

The principal objection to a steam locomotive is its very 
low efficiency. A switching engine operates with about 2 per cent, 
and the average main-line locomotives with 6 to 8 per cent 
total efficiency. Thus, from 92 to 98 per cent of the total coal 
burned is lost. 

The Diesel engine, on the other hand, is the most economical 
prime mover. It has a thermal efficiency of about 33 per cent, 
but it is an engine which cannot be started under full load, and 
which cannot carry a heavy overload without encountering exces- 
sively high temperatures and pressures inside of its working cylin- 
ders. Lacking sufficient flexibility, it has not yet become prac- 
ticable to drive the axles directly by Diesel power. All present 
successful Diesel locomotives use some kind of indirect drive or 
transmission between the Diesel and the axles. Numerous kinds 
of transmission have been tried, the electric drive being the most 
popular one. It requires, in addition to the engine, an electric 
generator or a hydraulic pump or a compressor, depending on 
the type of transmission, and a corresponding electric, hydraulic, 
or gas motor. The principal objections to the indirect drive 
are as follows: 

The total weight of the locomotive should not overstep certain 
limits, because the existing road beds, bridges, etc. cannot 
Stand an excessive load. In order that the total weight of the 
locomotive may remain within customary limits, which are 
about 160 Ib. per hp., its engine plus its drive should not 
exceed a certain weight. As all indirect drives are heavy, 


die subject under discussion will be the outstanding strong 


Be 4 et Engineer, Diesel Department, Fulton Iron Works Co., 
Ob. LOUIS, MLO, 

A Contributed by the Oil and Gas Power Division and presented at the 
Annual Meeting, New York, December 5 to 8, 1927, of Tue AMERI- 
CAN SOCIETY OF MECHANICAL ENGINEERS. 


particularly the electric type, the engine proper should not 
weigh more than 50 to 60 lb. per b.hp. This weight is too 
light for the heavy-duty service which is required by the rail- 
roads. 

The term ‘heavy duty” means that the engine can be used 
for a greater length of time without being completely over- 
hauled. This is impossible with light-weight engines, as the 
designer is forced to use high rotary speed, and to push the 
working cylinders as closely together as practical. This results 
in high cylinder wear and short bearings, and consequently 
high bearing wear. 

The high wear and tear of engines of this kind is sufficiently 
proved by submarine engines, which also weigh 50 to 60 Ib. per 
b.hp. For submarines, however, the initial and maintenance 
costs are of secondary importance, while the deciding factor for 
railroads is first of all the commercial result. For railroads, the 
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high initial and maintenance costs of the present Diesel-electric 
locomotive, or other Diesel locomotives with indirect drive, 
will be a great handicap. 

Furthermore, the indirect drive, whether it is electric, hy- 
draulic, or gaseous, has a low mechanical efficiency. For in- 
stance, the electric transmission has about 65 to 85 per cent 
mechanical efficiency, depending on the load and speed. 

Also undesirable are the peculiar speed-tractive-effort char- 
acteristics of locomotives using Diesels as prime movers which 
drive by means of any of the indireet power transmissions. These 
characteristics differ much from those obtained with steam 
locomotives. 

This is illustrated in Fig. 1, which shows the tractive effort of 
the Diesel-electric and of a steam locomotive. The former has 
a very favorable tractive effort during starting, but it drops 
off very rapidly when the speed increases. Thus the Diesel- 
electric locomotive is well adapted for switching because it can 
quickly accelerate a heavy train. However, for main-line en- 
gines the steam locomotive furnishes a much more desirable 
tractive effort at higher speeds. 

The above-mentioned strong and weak points of the present 
Diesel locomotives are fundamental. These being facts, it 
appears that the present Diesel, in spite of its very desirable ther- 
mal efficiency, is a prime mover which leaves much to be desired 
for main-line service. 

With due respect to all the accomplishments in Diesel loco- 
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motives, it is the author’s personal opinion that for main-line 
locomotives the present Diesel, in connection with any of the 
existing indirect drives, is not the final solution of the problem. 
It appears to be a move in the wrong direction to completely 
abandon the present steam locomotive, which has proved so 
successful during the last one hundred years, and which adapts 
itself remarkably well to the requirements of the railroads 
besides being very simple and cheap. It seems to be logical to 
combine, at least for main-line purposes, the Diesel and steam 
power, to adhere to the direct drive, and to take advantage 
of the high thermal efficiency of the former and the great flexi- 
bility and adaptability of the latter. 


Tue Digset-Steam LocoMoTIvE 


What the author proposes is not to abandon but to improve 
the steam locomotive with its direct drive by changing its 
working cylinders so that they may be used either as a Diesel 
or as a steam engine, or simultaneously as a Diesel-steam engine. 
The combination of the Diesel and steam power could be called 
the Diesel-steam engine. However, to distinguish the engine 
which the author proposes from the existing well-known “Still” 
engine, which is also a Diesel-steam engine, the author’s engine 
will be called hereafter the D-H (Diesel-Hildebrand) engine 
or locomotive. 

During starting, only steam will be used. Fig. 2 shows a 
starting card which is identical with that of a uniflow steam 
engine. Starting with steam, the D-H locomotive will have 
same powerful starting ability as the existing steam locomotive. 

When the engine runs with normal speed and the average 
load, Diesel power only will move the train, and its indicator 
card will resemble that of Fig. 3. The locomotive while using 
Diesel power only will operate with a thermal efficiency which 
is in the neighborhood of 33 per cent and with a mechanical 
efficiency of about 84 per cent, as the axles are directly driven, 
and the engine will be of the double-acting two-cycle type. 
These are efficiencies which none of the existing Diesel loco- 
motives possess. 

While climbing steep grades, the D-H locomotive will use 
Diesel plus steam power. When steam is used in addition to 
Diesel power the steam will be admitted into the cylinders 
after the combustion of fuel is substantially completed, and 
after the gases are expanded to a pressure which about equals 
the steam pressure. The indicator card while using Diesel 
and steam power will appear similar to that shown in Fig. 4. 
The cut-off chosen in Fig. 4 admits just sufficient steam so the 
auxiliary steam power (shaded area) increases the Diesel power 
by 100 per cent. 

The admission of steam into the power cylinders will begin 
when the load begins to exceed the average one, i.e., when the 
normal Diesel rating of the engine is reached and overstepped. 
The steam will then carry the load above that which can be 
carried by Diesel power. Thus the Diesel power will be used to 
its fullest extent, and the cut-off of the steam will be chosen to 
carry the overload. 

To fully comprehend the power requirements of a locomotive 
reference may be made to the power requirements of an automo- 
bile. When automobiling, it comparatively seldom occurs that 
the engine is used to its fullest capacity. After climbing a 
hill, down again it goes, using little or no power. When pass- 
ing villages, crossing bridges, short curves, etc. the speed and 
consequently the power must be reduced. Thus, the average 
power demand on the engine is comparatively low and fluc- 
tuates between wide limits. As in automobiling, so in railroad 
service, the average demand on the engine is only in the neigh- 
borhood of, say, 50 to 75 per cent of the maximum, depending 
upon the service and the nature of the road. With working 
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cylinders of just sufficient volume to develop enough Diesel 
power to meet the said average power demand, the D-H loco- 
motive will operate as a pure Diesel most of the time. 

As the power cylinders will be dimensioned for the average 
power demand, the D-H engine will have the highest possible 
thermal efficiency while running under the average load. This 
thermal efficiency, at the average power demand, will be decidedly 
higher than that now obtained with any Diesel locomotives 
because their Diesel engines must be dimensioned to suit the 


Fie. 2. Inpicator Carp oF D-H Locomotive UNper StTartineG 
CONDITIONS 


Fie. 3. Inpicator Carp or D-H Locomotive OperaTinc 
Diese, Power 


Fic. 4 Inptcator Carp or D-H Locomotive Usine Botu Dieser 
AND STEAM PowER 


maximum power demand, which is undesirably large for the 
average load. 

Admission of the steam into the Diesel cylinder, and mixing 
it with the hot gases therein, will prevent dangerous over- 
heating of the power cylinders because the steam, even if super- 
heated, will have a cooling effect on the hot combustion cham- 
bers. The higher the load, the greater will be the quantity 
of steam admitted, and the more effective will be the internal 
cooling of the combustion chamber. 

The mixing of the steam with the hot gases inside of the 
power cylinders will result in a heat exchange between the steam 
and the gases. The hot gases will be cooled to a certain extent, 
as just mentioned, and the entering steam will be heated (super- 
heated). Thus there will be no loss of heat because all the heat 
contained in the Diesel gases remains in the cylinder. How- 
ever, adding steam will increase the heat carried away by the 
exhaust, thereby reducing the thermal efficiency, although the 
steam consumption per steam horsepower-hour is a very favor- 
able one. A thermodynamic calculation shows that the steam 
consumption of the D-H locomotive will be at least as low as that 
of the compound steam engine when it operates at its most 
favorable cut-off. This will be the case while the D-H loco- 
motive operates at its most unfavorable cut-off, i.e., when it 
carries a 100 per cent overload over its Diesel rating. n 
request the author will gladly furnish these calculations, which 
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are here omitted because they would make this paper un- 
desirably long. 

The explanation for this favorable steam consumption is to be 
found in the fact that no steam whatever will condense when it 
enters the power cylinders. On the contrary, as stated, the steam 
will superheat when it mixes with the hot Diesel gases. The 
fact is that the steam will still be superheated when it is ex- 
hausted into the atmosphere. 

From the above it appears, when comparing the D-H locomo- 
tive with a locomotive having large cylinders of sufficient ca- 
pacity to meet the maximum demand by Diesel power, that the 
thermal efficiency of the D-H locomotive is higher at loads up 
to the average and lower at loads above the average. Thus, 
it can be expected that the thermal efficiency of the two compared 
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locomotives is about at par. However, the D-H locomotive 
will have a much higher mechanical efficiency and also the ad- 
vantage that it eliminates the indirect drive, and is well adapted 
for main-line service. 


CoMPARISON OF DigsEL-STEAM LOCOMOTIVE WITH STILL 
LOCOMOTIVE 


Here it may be of interest to compare the D-H locomotive 
with the Still locomotive. The latter type of locomotive is 
under construction in England and France while stationary 
Still engines have been in actual service for some time and have 
proved satisfactory. The Diesel-steam locomotive of the 
Still type drives the axles directly by means of one set of reduc- 
tion gears, eliminating the disadvantages of the indirect drive. 
This is a distinet feature of the Still locomotive, and its results 
will be watched with keen interest by the railroads. 

It will be remembered that the Still is a double-acting engine. 
Its head end is used exclusively for developing Diesel power 
and its crank end is used for developing steam power. There- 
fore the Still is a single-acting Diesel and a single acting steam 
engine. The Diesel economy is confined to the head end, 
and the overload-carrying capacity is confined to the crank end. 
The D-H engine is also double-acting, but it develops Diesel 
power (high efficiency) and steam power (high overload-carry- 
ing capacity) on both sides of the piston. Thus the D-H 
locomotive with the same cylinder volume as the Still loco- 
motive will have about twice the starting and overload-carry- 
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ing capacity. The D-H locomotive will therefore adapt itself 
better to the requirements of railroads than the Still locomotive. 

Furthermore, the steam in the Still engine expands in the 
cool and unsuited crank ends of the working cylinders. With 
the exception of starting or climbing steep grades, the steam 
ends of the working cylinders of the Still engine will use short 
cut-offs which, in connection with cool cylinders, are bound 
to result in a high steam consumption per steam horsepower- 
hour. In the D-H locomotive the steam expands under the 
most favorable conditions, i.c., in hot Diesel cylinders. In 
consequence, its steam consumption is exceptionally favor- 
able, and it decreases with decrease of cut-off. From this it 
appears that the steam economy of the D-H locomotive will 
also be higher than that of the Still locomotive. It will also 
be of interest to compare the D-H locomotive with the exist- 
ing steam engine. We shall assume a D-H locomotive of 
1400 Diesel hp. at a speed of 24 miles per hour; and 
we shall assume a freight steam engine of the 2-8-2 type with 
27-in. by 32-in. cylinders, and a maximum tractive effort of about 
60,000 lb. We shall further assume that the boiler capacity of the 
D-H locomotive is 60 per cent of the boiler capacity of the freight 
steam engine. Fig. 5 shows the tractive efforts of the freight 
steam engine and that of the D-H locomotive when using com- 
bined Diesel and steam power. Fig. 5 further shows, by a dash- 
and dot line, the tractive effort which the D-H locomotive 
would have provided its boiler capacity equaled the boiler 
capacity of the steam freight engine. 


QUESTIONS AS TO PractTicaBILITy oF Dieset-Steam Loco- 
MOTIVE ANSWERED 


Probably several questions will have arisen in the reader’s 
mind; these will be answered as follows: 

1 Will the steam which mixes with the products of com- 
bustion cause an undesirable chemical effect (corrosion) on the 
cylinder walls? 

In an ordinary Diesel, the products of combustion contain 
a considerable amount of steam (caused by the hydrogen and 
hydrocarbons in the fuel oil) which does not affect the cylinder 
walls whatever. 

Another proof that the steam and the products of combustion 
in the proposed D-H locomotive will not cause difficulties is 
furnished by the performance of the Still engine. In this engine, 
while the piston travels, gases will blow by the piston into the 
steam space because no piston holds perfectly tight, and many 
leak badly. This brings the steam part of the cylinder liner in 
contact with the gases. According to the author’s knowledge 
this has caused no piston and liner difficulties, although the 
crank end of the cylinder liner in the Still engine will be wet 
because it is comparatively cool. 

The most convincing proof that the admission of steam to the 
working cylinder of the Diesel will not be harmful are the experi- 
ments of Professor Hopkinson? in which water was injected 
into the power cylinder of a producer-gas engine to eliminate 
the external cooling. The water injection lasted from 30 deg. 
before to 30 deg. after the crank passed through the firing dead 
center. The author wishes here to quote Professor Hopkinson’s 
own words: “It (the engine) is giving no trouble at all and has 
been working regularly for two years, the total time of running 
being 5000 hours. Anthracite coal is used in the producer, 
and the coal contains a considerable portion of sulphur, yet 
there has been no trace of corrosion.” 

The internal-combustion boiler furnishes a further proof 
that steam and the products of combustion can be mixed and 
that this mixture will do no harm to cylinder liners and pistons. 


2A New Method of Cooling Gas Engines, by Prof. Bertram 
Hopkinson, Engineering, 1913, p. 152. 
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Reference may be made to a paper read by O. Brunler at a meet- 
ing of the Institution of (English) Locomotive Engineers, Jan- 
uary 14,1927. An extract appeared in The Railway Engineer, of 
March, 1927, page 97. In this boiler the combustion takes place 
in immediate contact with the water, the flame being submerged, 
and the products of combustion passing through the water. The 
boiler does not produce pure steam but a steam-gas mixture. 

If the internal-combustion boiler can be operated in the 
manner described, and if water can be injected into a cylinder 
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of an internal-combustion engine, and if the Still engine is prac- 
tical, then it is unquestionable that highly superheated steam 
may be admitted into a hot Diesel cylinder without causing 
difficulties. There will be no chemical reaction because the 
highly superheated steam, while expanding together with the 
hot Diesel gases, will not condense to water. The sulphur diox- 
ide (SO,) contained in the products of combustion cannot change 
into sulphuric acid (H.SO,) unless water is present, which, 
however, will not be the case in the D-H locomotive. The 
exhaust temperature of the steam-gas mixture, even under the 
most unfavorable conditions, will be above the point of con- 
densation. 

2 Why is the steam to be expanded in the Diesel cylinders 
and not in separate cylinders? 

As the steam will have to do the starting, separate steam cyl- 
inders would be of large dimensions in order to furnish the needed 
starting force. For economy’s sake the Diesel should generate 
as much power as possible (except when starting), leaving little 
or nothing for the steam cylinders to do. These cylinders 
would therefore not be doing useful work most of the time but 


would cause friction losses. It would be uneconomical to gen- 
erate a small amount of steam power in large cylinders, .e., 
to operate them with very short cut-offs. If, however, the 
steam expands in hot Diesel cylinders, a high economy will be 
attained, even if only a small amount of steam is needed. Thus 
for the sake of economy separate cylinders are not desirable. 
Furthermore, additional cylinders would increase the weight, 
the unbalanced reciprocating masses, and the first cost; they 
would complicate the locomotive, and there would hardly be 
room for them, the Diesel cylinders requiring all the room avail- 
able. 

3 What will be the boiler pressure? 

Since the working cylinders must be designed for 550 to 
600 lb. initial pressure, it is highly advisable to use also a high 
boiler pressure, say, 500 lb. gage. Fig. 6 will illustrate this. 
Both cards show an auxiliary power of just 100 per cent, but 
the cut-off is much shorter and consequently the economy much 
greater with the auxiliary power medium of 500 Ib. than with the 
low pressure shown. 

4 Will not such a high boiler pressure cause difficulties? 

It should not if the boiler is designed for such a pressure. 
In stationary practice, boiler pressures of 300 to 400 Ib. are 
quite common; also 500 lb. is frequently used. Even 1200- 
lb. pressures have been successfully tried. All these high-pres- 
sure boilers are of the water-tube type. Similar boilers may be 
installed within the space and weight limits of a D-H locomotive 
as the boiler capacity required is only about 60 per cent of that 
which is now used in connection with standard steam locomotives 

5 All high-pressure boilers have small drums and consequently 
small water contents with only a very limited amount of heat 
stored up in the water. Will this heat, in connection with the 
combustion in the boiler, furnish sufficient steam to start and 
to accelerate the train? 

While it is true that the tractive effort required to start 
a train is great, yet the average engine speed during the starting 
period is small; consequently, the corresponding horsepower 
issmall. This explains why the limitations on the boiler capacity 
of the present steam locomotives are mostly felt at higher speeds, 
while during starting there is ample boiler capacity but not 
always sufficient adhesion between the wheels and the rails. 
Therefore a small boiler will be sufficient to start the train 
and to accelerate it up to a speed of about four miles per hour. 
After that speed is reached, the Diesel begins to fire and relieves 
the boiler. 

Here it should be mentioned that the D-H locomotive will 
begin to fire at a lower speed than the ordinary Diesel engine 
because the former uses superheated steam and the latter cold 
high-pressure air as a starting medium. Superheated steam 
heats the cylinders, while the expansion of cold air has a chilling 
effect which makes starting difficult. 
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It should also be considered that the steam consumption, 
as soon as the firing of the Diesel begins, greatly diminishes 
not only because Diesel power is added, but because all conden- 
sation of the entering steam is positively prevented. Thus, it 
can be expected that the D-H locomotive will need considerably 
less steam to start and to accelerate the train than the ordinary 
steam locomotive, which latter has a comparatively high steam 
consumption for the power which it develops during the starting 
period. 

There may be conditions when a boiler with a large water 
volume is desirable, as for instance in mountainous regions. 
In order to obtain, when conditions demand it, a large water 
volume, a few additional water drums may be attached to the 
boiler. A high-pressure boiler with additional water drums 
is shown in Fig. 7. 

6 Will not the cost of maintaining the boiler be a considerable 
item? 

The rate of combustion has a deciding influence on the main- 
tenance of a boiler. While it is true that the boiler of the D-H 
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locomotive will be kept permanently under full steam pressure 
to be ready at all times to furnish auxiliary power, steam will 
nevertheless be used very sparingly, and seldom up to the full 
boiler capacity. Using Diesel power most of the time, and steam 
power only intermittently, the cost of maintaining the boiler will 
be less than that experienced with the present steam locomo- 
tives with their high rates of evaporation. 

7 What kind of fuel will be used for the boiler? 

The most convenient fuel will be the same as that used for the 
Diesels. If oil or coal dust is used, the fire in the boiler can be 
‘instantaneously increased when starting or while climbing a steep 
grade, provided a small ignition flame burns all the time. Of 
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course, ordinary coal may be used for the boiler. The com- 
mercial more than the engineering point of view will decide 
this question. Here again it should be kept in mind that the 
locomotive will not burn much fuel in the boiler, because, as 
stated before, it will run as a pure Diesel most of the time. 

8 Why will Diesels of the solid-injection type be used? 

It is advisable to use them because injection air would cause 
too great a chilling effect in the combustion chamber. Conse- 
quently, if the Diesel were of the air-injection type, it would 
require higher speed before the firing would take place than 
if it were of the airless-injection type. 

9 What scavenging-air system will be used? 

The loop scavenging system will be found most convenient 
for locomotive purposes because it permits a long stroke and the 
arrangement of the exhaust and scavenging ports on the same 
cylinder side. This arrangement also provides convenient pas- 
sages for the exhaust and scavenging air. It leaves the lower 
or bearing halves of horizontal cylinder liners free of ports. This 
will result in a better cylinder lubrication and a better wearing 
of the liners and pistons than if the lower cylinder halves were 
equipped with ports. The loop scavenging system shown in 
Figs. 8 and 9 has the exhaust and air ports arranged in the 
upper cylinder half. It has the good feature that its effective 
stroke (total stroke minus length of ports) is favorable. Also 
the well-known M.A.M. loop scavenging system will come into 
consideration; however, here the effective stroke is shorter 
than in the system shown in Figs. 8 and 9. 

10 What kind of valve gear will be used? 

The Walschaerts, or any other established reversing gear, 
may be used. The valve gear has to control only the steam 
inlet with a variable cut-off. The exhaust and the scavenging 
air are controlled by the ports. Thismakes a favorable valve gear. 

11 How will the steam inlet valve be made to open just 
when the gases are expanded to a pressure substantially equal 
to the steam pressure? 

Figs. 8 and 9 will make this clear. These show a prelimi- 
nary design of a working cylinder and part of the valve 
gear. The cylinder greatly resembles a uniflow steam cylinder, 
while the combustion chamber resembles the well-known ‘“‘A’”’ 
type Diesels of the former American Diesel Engine Co., which 
engines have now been in operation for about eighteen years 
with a record of good combustion. 

The valve shown is equipped with a piston at its outer end. 
The steam pressing on the valve head and its piston, always tends 
to close the valve and to hold it tight against its seat. The ful- 
crum of the valve lever is fastened to a small piston, on which 
the steam presses. 

The valve gear tends to open the steam valve slightly ahead 
of the dead-center position. This (constant) lead is necessary 
because the locomotive will operate as a uniflow steam engine 
while starting. When Diesel plus steam power is used, the 
initial pressure inside of the cylinder rises above the steam 
pressure. This high pressure will hold the steam valve so tight 
on its seat that the valve lever fails to open it on account of 
its yielding fulcrum. The fulcrum will yield until the steam 
in the cylinder is sufficiently expanded, i.e., until the force to 
open the steam valve is sufficiently reduced. Then, and not 
before, will the steam valve open quickly due to the movement 
of the valve gear and the return movement of the fulcrum 
by its steam-loaded piston. Selecting a suitable size of the 
fulcrum piston, the steam valve will open in proper time to 
obtain a card substantially as shown in Fig. 4. When no steam 
is used, the steam throttle will not be closed, but the steam 
on the pistons attached to the fulcrums of the valve levers 
will be turned off. This will prevent the steam valves from open- 
ing. 
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12 Are the high initial pressures, which are characteristic 
of the Diesel cycle, permissible in railroad engineering? 

To avoid excessive forces, four small cylinders instead of 
two large ones may be used, as shown in Fig. 7. These small 
cylinders will drive the axles directly, and their forces will 
not exceed the piston forces now obtained with ordinary steam 
locomotives. Consequently, the piston rod, crosshead, connect- 
ing rod, pins, and axles will be of the same size as now used 
in railroad practice. 

Instead of using four cylinders, only three or two may be used 
if they drive through one set of reduction gears as shown in 
Fig. 10. There is sufficient room to arrange three cylinders 
within the available space. Using a reduction gear, which only 
very slightly lowers the mechanical efficiency, a favorable 
piston speed and a convenient stroke-bore ratio can be chosen. 


will begin to admit steam to the cylinders and will increase the 
fuel delivery until the maximum Diesel rating is reached. The 
engineer, with this arrangement, can use steam only during start- 
ing and when the fuel supply is reached which corresponds to 
the normal Diesel rating. There is no danger that the D-H 
locomotive will be operated by steam power alone because it 
will not have sufficient boiler capacity to be operated satisfac- 
torily. 

17 What are the principal disadvantages of the D-H locomo- 
tive as compared with the existing engines? 

The D-H locomotive has no disadvantages when compared 
with the steam locomotive. In fact, both types compare very 
well so far as initial cost, weight, tractive effort, simplicity, 
and manner of operation are concerned. Their fundamental 
difference is in the overall efficiency, which will be high with the 
D-H locomotive and which is 
very low with the steam loco- 
motive. 


The D-H locomotive requires 
a boiler. This may be considered 
a disadvantage, while in reality 
it is a more desirable means 
for obtaining the needed load 
on the driving wheels than an 
indirect drive and other auxil- 
iaries required in connection with 
the present Diesel locomotives 
This refers to main-line engines. 
It is the boiler with its stored-up 
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13 Are not three or four small cylinders less efficient than 
two large ones? 

It is one of the good features of the Diesel that small cyl- 
inders give practically the same thermal efficiency as large ones. 
So with steam, when it expands in hot Diesel cylinders where 
no condensation will take place, the cylinder size is of minor 
importance. 

14 Will a three- or four-cylinder locomotive, with its greatly 
increased reciprocating masses, run just as smoothly as one with 
only two cylinders? 

Using three cranks, the reciprocating masses are balanced more 
effectively than with only two cranks. When using four cyl- 
inders (two on each side, see Fig. 7) and opposed piston travel, 
perfect balancing of the masses can be obtained, which is impos- 
sible if only one cylinder on each side is used. 

15 Is it practical to instal a “booster engine’ as is done in the 
standard steam locomotive for raising the tractive effort while 
starting? 

The installation of a booster engine in a D-H locomotive is 
just as easily accomplished as in a standard steam locomotive 
because the booster engine may be steam driven. 

16 Will it not be quite complicated for the engineer to operate 
the engine as outlined above? 

The whole control on the locomotive will be accomplished by 
two levers. One will operate the reversing gear in the usual 
manner. The other lever, when moved into the starting posi- 
tion, will permit steam to enter the cylinders. While this lever 
is held in the starting position, no fuel will be delivered to the 
working cylinders. When the control lever is turned into the 
first notch (i.e., when the Diesel begins to fire) the steam is turned 
off, and a small amount of fuel will be delivered to the cyl- 
inders. Advancing the lever to the next notch increases the 
fuel supply until the fuel delivery will correspond to the normal 
Diesel rating of the engine. Advancing the lever still further 


energy and with its combustion 
which is ready at any moment 
to furnish auxiliary power to 
the Diesel when starting and when climbing steep grades. It 
is the boiler which protects the Diesel from being overheated. 
It is the boiler which enables the engine to furnish tractive efforts 
which, at all speeds, will be equal to or higher than those of 
the present steam locomotives. It is the boiler which makes 
the D-H locomotive adaptable to main-line purposes. On 
the other hand, it is the indirect drive of the present Diesel loco- 
motive which complicates the engine, causes high initial cost, 
great total weight, too light an engine for heavy duty, great 
reduction of the total mechanical efficiency and undesirable 
tractive efforts at higher speeds. Thus, it is the indirect drive 
which makes the present Diesel locomotive undesirable for main- 
line service. 

It is unfortunate that the D-H locomotive like the present 
steam engine must first have its boiler heated in order to be ready 
for service, and that it will not be smokeless unless it uses fuel 
oil for its boiler. This, however, is of secondary importance 
compared with the great advantages which the boiler furnishes. 

Minor considerations for or against a certain type of loco- 
motive should not cloud the broad viewpoint from which the 
merits of the different engines should be judged. The present 
Diesel locomotives are very desirable switching engines. In this 
respect they will satisfy the need of the railroads. For main- 
line service the railroads still depend on the uneconomic steam 
engine. There is little hope that the present Diesel will make 
a desirable main-line engine for reasons which are fundamental 
for all internal-combustion engines, as set forth above. 

There are about 70,000 steam locomotives in operation 10 
the United States alone; many of them are main-line engines. 
There is an urgent need for higher economy not only from the 
viewpoint of the railroads but also from the viewpoint of national 
economy. Any suggestions to fill this need should receive proper 
consideration. How the obtaining of a higher commercial effi- 
ciency will be accomplished is of secondary importance. 
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Discussion 


A. Liperz.* The author's proposition of a direct-driven 
Diesel steam locomotive is of great interest, especially at present 
when the Still locomotive in England has already been completed 
and is undergoing tests. If experience with the Still locomotive 
should prove that the proposition of a combination of Diesel and 
steam for railway traction is practicable, we may hope to see 
the D-H locomotive built in this country. However, there are 
several points to be taken into consideration in connection with 
such a locomotive, and the remarks which follow are not made 
in any spirit of criticism but rather with the idea of assisting 
in further development of the locomotive. 

It would be a mistake in considering the use of steam in a 
locomotive to treat it from the point of view of power instead 
of tractive effort. The author’s remark that “with working 
cylinders of just sufficient volume to develop enough Diesel 
power to meet the said average power demand, the D-H loco- 
motive will operate as a pure Diesel most of the time,’’ is some- 
what misleading. A direct-driven Diesel locomotive becomes 
a constant-torque locomotive instead of a constant-power 
locomotive as in the case of intermediate transmission. The 
constant-torque locomotive must be designed to correspond not 
to the average but to the minimum torque, or a torque very 
close to minimum; otherwise, for smaller tractive efforts the 


Diesel engine will be considerably underloaded and its economy 


reduced. As the torque variation in a locomotive on account 
of railroad conditions varies from 1:4 to 1:6, the addition of 
steam power to Diesel power, which will be required, may go 
up to 3 to 5 times that of the Diesel. This would turn a Diesel- 
steam locomotive into a steam locomotive with the addition of 
Diesel cylinders working all the time, with both oil and steam, 
contrary to the author’s supposition that the locomotive will 
operate as a pure Diesel most of the time. The efficiency of such 
a locomotive will correspondingly drop and may not be over 
10 to 12 per cent as an average, representing an improvement 
over a steam locomotive which may not justify the complica- 
tion and the use of oil when coal is available. 

Further, among the limitations imposed upon a locomotive, 
the maximum piston thrust must be taken into consideration. 
With the present steels in use, the dimensions of the crankpins 
in a direet-driven freight locomotive are such that the driving 
wheels must be larger than they should be for tractive purposes 
only. If caleulations are made on the basis of the maximum 
permissible piston thrust, the cylinder dimensions cannot exceed 
for our present conditions 16 in. in view of the high ignition 
pressure in the Diesel cycle. This would call for at least four 
cylinders for a medium-size locomotive, and possibly for more 
than four for larger locomotives. Moreover as the rapid change 
of pressures in the Diesel cycle, especially at high speeds, gives 
the effeet of explosions, it is very probable that the dimensions 
of pins, bearings, axles, frames, ete. will have to be increased, 
or if this should be impossible, the dimensions of the cylinders 
will have to be further reduced. If now one considers that a 
two-cycle Diesel engine, as suggested in the paper, cannot give 
over 60 to 65 lb. per sq. in. mean effective pressure, whereas 
for starting at least 200 Ib. would be necessary for the smaller 
cylinders, and for running conditions on continuous grades about 
160 lb., it becomes evident that the addition of steam power 
will have to be very substantial, ranging from 200 to 300 per 
cent of that obtained from the Diesel cycle. 

Fig. 5 shows that the tractive effort of a D-H locomotive is 
higher than that of a steam locomotive, but it does not'indicate 
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the fact that while in the steam locomotive any tractive effort 
below the maximum can be easily obtained by shortening the 
cut-off and rendering the locomotive more economical, in a 
Diesel locomotive the opposite is the fact, namely, the efficiency 
of the locomotive will drop with the decrease of tractive effort 
obtained from the Diesel cycle. Tests made with the 4-10-2 
Diesel locomotive with gear transmission recently built in 
Germany for Russia, have shown that while at full power the 
total overall efficiency of the locomotive was 29.3 per cent, it 
dropped to 8-12 per cent when the load was low,‘ and this 
may happen on the road quite often. 

The author states that Professor Hopkinson’s tests in cooling 
Diesel engines by injecting water into the cylinders instead of 
jacket cooling have proved that there can be no bad chemical 
effect from the mixture of steam and gases on cylinder walls. 
However, this expedient, which has been suggested and tried 
by various experimenters (Capitaine, Banki, et al.), has never 
become generally accepted, and all our internal-combustion 
engines are cooled by outside jackets. The reference, therefore, 
is not very convincing. Nor can the writer consider as very 
pertinent the author’s reference to the Brunler internal-combus- 
tion boiler, as this device is only in its preliminary stage and no 
practical every-day results with the use of steam and the products 
of combustion in engine cylinders have so far come to our knowl- 
edge. We do not, therefore, know whether this mixture will 
not affect cylinder liners and pistons in the long run. 

In conclusion the writer would say that the distinction which 
the author draws between his proposition and the Still locomo- 
tive is not as pronounced as he thinks. The steam ends of the 
Still cylinders are fairly hot because they are very close to the 
internal-combustion ends. Moreover the Still pistons have no 
cooling and are designed in such a way as to depend upon the 
cooling by steam on the opposite side. Thus the steam is in 
turn heated by the combustion gases of the Diesel side and 
consequently the steam is also highly superheated—possibly 
not so high as the Hildebrand engine, but sufficiently high to 
prevent any condensation and to permit good thermal utilization. 

The author's assertion that the starting effort in his case would 
be double that of the Still engine is not exactly to the point 
because the Still locomotives were designed in such a way as to 
provide sufficient starting effort. In the two-cycle engine de- 
signed by the Schneider Company of Creusot, France, provisions 
are made for starting by steam in both ends of the cylinders. 
In the four-cycle design where the total volume of the cylinders 
is comparatively larger, steam is admitted only to the steam 
ends as this is sufficient for starting and a larger tractive effort 
would simply cause the driving wheels to slip. There is, how- 
ever, one essential difference between the Hildebrand and Still 
engines, which lies in the fact that the Still engine makes use of 
the waste heat from the steam jacket and exhaust gases, and 
steam is generated only in so far as it is necessary for making 
good use of the waste heat. The normal action of the Still 
engine is therefore always Diesel and steam, the steam costing 
nothing, whereas in the Hildebrand engine the normal action of 
the locomotive is with the Diesel engine only, and any steam 
which has to be used must be generated in the boiler with a 
corresponding consumption of fuel. In the Still engine the 
burners are used only for starting and on very heavy grades, 
whereas in the Hildebrand engine, the writer is inclined to 
believe, the burners in the firebox will have to be used most of 
the time. 

The solution offered by the author in answer to No. 11 is very 
ingenious. The simultaneous action of gas and steam valves is 
very nicely worked out. The author’s proposition as a whole is 
of great practical value and interest, and the writer believes that 

4 Railway Mechanical Engineer, vol. 101, no. 5, p. 272, Fig. 3. 
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trials and development work with an engine of this sort in this 
country should be welcomed. 


HERMANN Lemp.’ The oil locomotive has come to stay and 
will prove to be the one outstanding advance in railroading 
where complete electrification is not justified by density of 
traffic or other compelling motives for its adoption. Any serious 
attempt, therefore, to give to the oil locomotive the flexibility 
of the steam locomotive while retaining the high thermal ef- 
ficiency of the internal-combustion engine must be welcomed. 

The proposition of the author is such an attempt and appears 
to be novel as far as the mingling of high-pressure steam and 
the Diesel cycle is concerned. The writer has no apprehensions 
regarding the procedure suggested by the author, having in 
connection with Mr. Chatain started Diesel engines by hot 
steam in lieu of compressed air several years ago, and at one 
time seriously considered the use of an oil-fired flash boiler as a 
starting means in place of an air compressor. He has further 
introduced atomized water into the air suction of a solid-fuel- 
injection engine without deleterious results. While the possi- 
bility of intermingling the two cycles is admitted, the efficiency 
is doubtful and remains to be proved. 

The building and maintenance of a water-tube or flash boiler 
giving 500 lb. per sq. in. for locomotive service is, however, not 
so simple a proposition as to be brushed lightly aside. It is 
exactly the boiler of the present steam locomotive which is its 
weakest link, and which more than anything else limits the 
availability of the locomotive to—say, at its best and when oil 
fired—50 per cent of continuous service. Therefore, to still 
maintain a boiler of 60 per cent the capacity of a regular steam 
locomotive does not impress the writer as very desirable. A 
boiler of that capacity will still demand water stations, cinder 
pits, ete., all of which a pure oil internal-combustion locomotive 
does not require. 

The fear expressed by the author that for railroads the high 
initial and maintenance costs of the present Diesel-electric loco- 
motives with indirect drive will be a great handicap, is not born 
out by actual experience. 

The maintenance of a steam locomotive varies from 15 to 
30 cents per locomotive-mile, while on an average a number of 
oil-electric locomotives of the A.L.G.E.I.R. type in service in 
the United States for the past three years show that in spite of 
the handicap of introducing a new product into new hands and 
service organizations the maintenance varies from 10 to 15 cents 
per locomotive-mile, which figure is expected to be reduced to 
10 cents per mile. 

The first cost of the oil-electric locomotive is offset by its 
greater availability over the steam locomotive. 

A steam locomotive of the conventional design requires a 
heavier roadbed than, say, an electric locomotive of the same 
weight on account of the added dynamic loading of rail and the 
vertical component of the connecting-rod thrust. This amounts 
to from 50 to 100 per cent. Furthermore, the adhesion is much 
less than when the drivers are propelled by electric motors. 
That the weight of the most successful oil-electric locomotive is 
at present about 250 lb. per hp. and therefore greater than 160 
lb. per hp. is admitted, but even with this handicap the fuel 
economy in hauling of freight and passengers is so far ahead of 
that of a steam locomotive, varying anywhere from 300 to 400 
per cent, that the handicap is not seriously felt. 

It must be remembered that this steam-locomotive weight of 
160 lb. per hp. does not include the weight of the tender loaded 
with fuel and water, while the weight of the oil-electric locomotive 
does include both. When this weight is added to that of the 
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steam locomotive and both are compared on the basis of maxi- 
mum sustained horsepower, we find that the weight of the steam 
locomotive is between 220 and 230 lb. per hp. or only 20 Ib. less 
than for oil-electric locomotives designed for main-line work. 
Switching locomotives are much heavier. 

The electric transmission permits distribution of the weights 
over numerous axles so that as far as the effect on the roadbed 
is concerned it may be forgotten. In the second place, it must 
not be overlooked that improvements in the design of oil engines 
of the solid-fuel-injection type are constantly going on and engines 
of 25 lb. per hp. are already available, which with increased 
rotary speed will also reduce the weight and cost of the electric 
transmission. 

History will repeat itself as with the development of the 
gasoline engine. Fifteen years ago the General Electric motor- 
car engines of 500 r.p.m. were considered high-speed. Today 
1200 r.p.m. is accepted as practical, and in automobile and 
aviation engines 2000 to 3000 r.p.m. is coming more and more 
into use. 

The writer is unable to agree with the author's statement that 
the characteristics of an oil-electric locomotive and a steam 
locomotive are fundamentally different as shown in the tractive- 
effort curves of Fig. 1 of the paper. The locomotives therein 
compared are evidently of different powers. The steam loco- 
motive has approximately twice the horsepower of the oil-electric 
The steam locomotive cannot make use of the full horsepower at, 
slow speed, and only reaches its full power toward the full speed 
The oil-electric locomotive, on the contrary, uses its full powe: 
over nearly its full range. Hence we are able to do the slow- 
speed yard shifting (when high speeds are not only undesirable 
but not practical) with an oil engine of approximately half the 
horsepower of the steamer. 

The Chicago & Northwestern Railway is now using thre 
60-ton oil-electric locomotives to do yard shifting. Each o! 
these locomotives of 300 hp. working continuously from Monday, 
morning till Saturday night with three 8-hour-shift crews re- 
places two steam locomotives of 600 hp. each. Actual experience 
has shown that the three locomotives during 23,084 hours have 
given a 97 per cent availability and 17,833 hours of actual ser- 
vice, there being no assigned work on Sundays and holidays, 
which time is included in the 23,084 hours. 

The author concedes the possible use of electric transmissiv! 
for yard shifting, but doubts its adaptability to main-line work 
Referring to Fig. 1, it is evident that by changing the gearing «! 
the motor drive the tractive effort at the start may be lessen! 
and higher speeds made possible, and particularly so when thie 
same horsepowers are used in either case. On the contrary, 1! 
is the writer's belief that the real field of the oil-electric locomotive 
will be heavy main-line work where its low fuel consumption and 
greater availability are the chief economic factors. 

Multiple high-speed oil-engine generator units make {vr 
reliability of operation, lower costs through mass production, 
single-crew operation of multiple power plants, and finally « 
simplicity of control self-adjustable to all load conditions which 
is hard to achieve through any other transmission means. 

In connection with main-line work, an article appeared ‘0 
Railway Age of Nov. 5, 1927, describing a run made on October 
13 by a 100-ton oil-electric locomotive, geared for high spec, 
over the Erie Railroad, from Hornell, N. Y., to Meadville, I’. 
The train was run by Erie Railroad officials through two divisions, 
requiring two engineers. Distance, 183.7 miles; trailing load, 
four passenger coaches; total load, 280.5 tons. The train rin 
on express schedule between the two stations, making six station 
stops of three minutes each. Maximum speed, 56 m.p.!i., 
average speed 33.4 m.p.h., average load factor on oil engines, 
49.9; maximum load factor on oil engines, 78.8. Total gallons 
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of fuel consumed, 134 (at 5 cents per gal.); total gallons of 
lubricating oil consumed, 2 (at 50 cents per gal.); total water 
consumed, negligible; total cost of fuel and lubricating oil for 
run, $7.70 or per 1.05 cents per car-mile. 

The significant thing of this trip was the fact that two steam 
engineers, who never before were aboard an oil-electric loco- 
motive, took charge and with only five minutes of instructions 
operated the train (without further help) on a steam-road 
schedule through their respective divisions. 

The citing of this actual main-line high-speed performance, 
the first in America with an oil-electric locomotive, was prompted 
by the author’s apparent disbelief in electric transmission. In 
that attitude he is one of many engineers, and out of this praise- 
worthy engineering competition the most suitable oil locomotive 
will be evolved. Personally the writer will watch with interest 
the advent of the English Still locomotive, which he understands 
will come to test sometime next spring, and hopes that the 
author will someday see the realization of his endeavors. 

In the meanwhile oil-electric locomotives of from 2400 to 
3000 hp. are serious projects under construction and will be 
factors in the race for supremacy in railroad operation. 


P. H. Scuwerrzer.* In the first part of the paper the author 
enumerates some objections to the Diesel locomotives using 
an indirect transmission. The writer agrees with most of them. 
The statement that the Diesel engine is inferior in flexibility to 
the steam engine includes two different things: first, the Diesel 
engine cannot be run economically or at all at a speed materially 
different from its normal speed; second, the Diesel engine cannot 
be overloaded to any appreciable degree. So far as the loco- 
motive is concerned, the first deficiency of the Diesel engine can 
he corrected by some form of variable-speed transmission, but 
not the second. If we are concerned with the torque alone the 
writer knows of nothing better than the electric transmission. 
Because of its high mechanical efficiency at all speeds the trac- 
tive efforts obtainable are very high, the drawbar horsepower 
being almost constant. Referring to Fig. 1, he would ask the 
author on which basis the comparison has been made. If the 
steam and the Diesel-electric locomotive are of equal drawbar 
horsepower, their tractive efforts at normal speed should be 
equal. But if the tractive effort of the Diesel-electric from 16 
miles up is always less than half of that of the steam locomotive, 
the writer would not call them corresponding sizes. 

Weight and first cost are the only objections against the 
electric drive so far as transmission of power is concerned. 
However, if a Diesel locomotive had a perfect transmission it 
would still lack the surplus power available to a steam locomotive 
of the same rating for climbing steep hills or accelerating a train 
quickly. Such extra power can only be obtained from a power 
accumulator. 

The steam engine has a power accumulator in the boiler. 
Other means would be a compressed-air tank or electric ac- 
cumulators. If with a Diesel engine we wish to equal the maxi- 
tum drawbar horsepower of a steam locomotive, we have two 
alternatives: either install a Diesel engine of a size which is 
capable of delivering, say, 100 per cent more power than the 
average load would require, or provide some form of power 
accumulator. The author chooses the second alternative and 
£lves two reasons therefor: first, the combination he proposes is 
less expensive to build; and second, it is less expensive to run. 

he writer has not at hand sufficient data to contest the first 
Statement, but he does question the second. Referring first to 
the fuel economy, the author states that the thermal efficiency 
at the average power demand will be decidedly higher than now 
Sinin Ce Professor of Engineering Research, The Pennsylvania 
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obtained with any Diesel locomotives because their Diesel en- 
gines must be dimensioned to suit the maximum power demand, 
which is undesirably large for the average load. The writer 
cannot agree with this because one of the characteristics of the 
Diesel engine is that its thermal efficiency on partial load nearly 
equals and sometimes exceeds that on full load. The reason is 
that the indicated thermal efficiency actually increases as the 
load decreases. A good Diesel locomotive, if run at half-load 
all the time, would have a fuel consumption less than 10 per 
cent higher than that of a locomotive engine of half the size running 
all the time on full load. This difference hardly amounts to 
anything. As to the effect on the engine, the writer would 
prefer to run an engine continuously on half-load than continu- 
ously on full load. The upkeep cost would probably be less, 
not to speak of the additional upkeep cost of the boiler. 

The electric transmission has proved to be good, but it would 
be rather expensive and heavy for a 3000-hp. main-line loco- 
motive. The writer wonders if by some arrangement the Diesel 
power could not be split, having, say, 2000 hp. in direct drive 
and 1000 hp. coupled with an electric transmission. The start- 
ing torque of a 1000-hp. d.c. motor would give plenty of tractive 
effort at low speed to accelerate a heavy train quickly. Near 
normal speed the (geared) direct drive would do most of the 
work, but electric transmission for about one-third of the total 
power would always be available to assist in taking grades and 
starting trains from standstill. 

If experience should prove that electric or all other kinds of 
indirect drives now being tried are either mechanically or eco- 
nomically infeasible, the arrangement that the writer has called 
the accumulator system might offer the “solution.” The 
Kitson-Still and Diesel-Hildebrand systems both have a steam 
boiler, which is just the thing some engineers would like to 
eliminate from the locomotive. Comparing the two systems, 
the author’s proposal is more ingenious. The expanding of 
combustion gases and steam in the same cylinder, though daring, 
seems to be perfectly feasible. The writer sees no reason why 
the presence of steam should affect the combustion or the cylinder 
walls unfavorably. The parts that might give difficulties are 
the very-high-pressure boiler and the steam valve in the cylinder 
head. 

However, the writer has heard good arguments for eliminating 
the steam boiler altogether, i.e., replacing it with a compressed- 
air tank. Such a modification of the Kitson-Still system was 
proposed by Mr. Child of the Baldwin Locomotive Company. 
In a similar modification for the Hildebrand system, compressed 
air would be admitted into the cylinder instead of steam after 
the combustion of the fuel was substantially completed, and the 
result would be not much different. There would be an air 
compressor for 500 lb. pressure and a compressed-air tank of 
sufficient capacity, but the boiler would be eliminated. The 
question is which is the less desirable. 


Harte Cooke.’ In general with a locomotive there are a 
few factors which are vital, namely, cost, weight, and tractive- 
effort curve. 

The author's arrangement requires a complete Diesel engine 
with coolers, etc., so that the locomotive can operate as a Diesel 
engine when it is approximately up to speed. For starting it 
requires a complete steam-locomotive equipment with moderate- 
sized boiler, with the exception of the steam cylinders, using 
steam in the Diesel cylinders for starting. 

Now it would seem that the steam-locomotive arrangement 
for starting with its tender carrying water and coal, would cost 
and weigh more than the electrical equipment used in connection 
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with the Diesel engine. Also under railroad conditions, it is 
necessary to run at whatever speed the conditions impose at 
any particular time, and if this speed is a few per cent lower 
than the maximum speed permissible with the Diesel cylinders, 
the Diesel output would be less than it would be with Diesel- 
electric. 

It may be that the extra Diesel-electric power to give a total 
power of the combined steam and Diesel locomotive would 
weigh less than the boiler with the fuel and water which would 
be required, or near enough to the same weight so that the 
higher tractive effort at starting and lower maintenance and lower 
fuel cost would make the Diesel locomotive more desirable. 


R. Exseraian.’ The author’s proposal to increase the m.e.p. 
of the indicator card, particularly at the lower speeds, by the 
use of steam where the torque demand is large and thus to do away 
with the present costly and heavy transmissions, is one worthy 
of careful consideration and study for all engineers interested in 
expanding the utility of the Diesel locomotive for railway service. 
Assuming that the use of steam on the same side of the piston as 
for the oil combustion can be worked out satisfactorily, the 
proposed D-H type of engine is distinctly superior to the Still 
engine both in weight and steam economy. 

However, the mechanical features of the two proposed designs 
from a locomotive aspect offer certain difficulties which the 
writer here wishes to point out in a very rough way. 

For locomotive performance, good thermal performance is 
entirely secondary to weight efficiency and flexibility in torque 
variation. The starting requirements necessitate a large torque 
at starting, while the performance at speed requires maximum 
horsepower capacity per pound of weight. In addition, the 
arrangement of wheelbase and trucks is very important for 
proper tracking, minimum flange wear, etc. 

It is well known that increasing the speed of any type of prime 
mover reduces its weight, though usually at the cost of higher 
maintenance. The author's first scheme, though eliminating 
the transmission, materially increases the weight of the engine 
if we take its effect on the frames, axles, etc. into consideration. 
With the jackshaft scheme the engine speed is increased, but at 
the expense of a jackshaft and its gearing. 

In the direct drive proposed we at once run into the same 
difficulties that have been already experienced with the use of 
high-pressure steam in steam locomotives. That is, good ex- 
pansion ratios from a very high pressure to a low pressure give 
a high ratio of peak to mean pressure. The mean pressure is 
effective in work performance, but the design of the machinery 
on the other hand is dependent entirely on the peak pressure. 

This condition on limited-cut-off steam engines has already 
caused considerable difficulties in regard to space limitations and 
also a marked increase in the weight of the machinery, thus 
limiting the available boiler capacity when applied to our larger 
locomotives. To get a good expansion ratio and take advantage 
of the higher pressures, and also to reduce the ratio of peak to 
mean pressure in any one cylinder and thus reduce the weight of 
machinery, particularly on the limited-weight driving axles, the 
writer’s company has recently developed a three-cylinder com- 
pound locomotive operating at 350 lb. steam pressure. This loco- 
motive has developed 4500 i.hp. or 3700 drawbar hp. at the 
remarkable weight efficiency of 100 lb. per i.hp. 

If we consider the preliminary proportioning of cylinders for 
the D-H locomotive under straight Diesel performance at maxi- 
mum horsepower and corresponding speed, we find the ratio of 
peak to mean pressure excessive as compared with steam loco- 
motives. 


® Engineer, Baldwin Locomotive Works, Philadelphia, Pa., 
Mem. A.S.M.E. 


Further, since the ratio of starting to speed torque at maximum 
horsepower for satisfactory road performance should not exceed 
2 to 2.3, we shall find that the same cylinders already proportioned 
for Diesel performance, when operating by steam in starting, 
will require very early cut-offs as compared with ordinary steam 
locomotives. It is therefore apparent that to meet the peak 
pressure for Diesel performance will require very large piston 
loads, necessitating large axles, heavy frames, and limited-size 
wheel centers. 

In the performance of a locomotive a very severe requirement 
is that of developing large horsepowers at relatively low speeds, 
i.e., from 50 to 80 r.p.m. This condition brings a maximum 
demand on the boiler, because the engine efficiency is at its 
poorest, due to the meeting of maximum-torque requirements 
With the proposed D-H locomotive, the Diesel power is either 
nil or, if in operation, relatively low due to the low r.p.m., so 
that the boiler capacity must be fairly large. 

Therefore the practicability of this locomotive, aside from 
the cylinder performance, depends essentially upon whether the 
increased weight of machinery will permit sufficient boiler 
capacity to meet the above requirements, and at the same time 
meet the limited axle loadings and weights now demanded in 
large motive power. 

In the jackshaft drive we encounter some very difinite limita- 
tions which would require a multiplicity of unit to meet the 
tractive-force requirements. It is known (see discussion by 
writer on the ‘‘Zoelly Turbine Locomotives,” Trans. A.S.M.E., 
vol. 46, 1924), that 180,000 Ib. adhesive weight is approximately 
the extreme limit for one jackshaft drive. To meet modern 
power tractive requirements would therefore require two jack- 
shaft units. We have, of course, the same power demands and 
boiler requirements as before, but due to the higher speed of the 
engine and the fact that it is self-contained, a reduction in the 
weight of the engine may more than compensate for the two 
jackshafts. The cost, however, would probably be greater, due 
to the necessity of two separate units. 


W. A. Powne.u.’ Although at present the average main-line 
steam locomotive has an overall thermal efficiency of 6 to 8 
per cent, some of the more modern types of locomotives making 
use of all economy developments and devices have a somewhat 
higher efficiency. The steam-turbine locomotive, of which there 
are already a few in service, promises a thermal efficiency of 
around 16 per cent, and this probably represents nearly the 
maximum that may be expected from the steam locomotive for 
some time to come. The Diesel locomotive offers a thermal 
efficiency of about 33 per cent, or practically twice that of the 
best that may be expected of the steam locomotive. It is the 
writer’s understanding that the author’s Diesel steam locomotive 
will have a combined thermal efficiency which may average 
possibly 25 per cent, this average of course depending on the 
percentage of time that the locomotive is worked all-Diesel, 
all-steam, or steam-Diesel. 

A. I. Lipetz in a paper read before the A.R.A. Mechanical 
Division at the 1927 meeting at Montreal stated that the Sul 
engine used in marine service gave on tests thermal efficiencies 
of 37.1 and 36.4 per cent, respectively. 

It seems to the writer that the comparison between the steam 
and Diesel-electric locomotives shown in Fig. 1 may not be 
exactly fair to the Diesel, since in this case the Diesel is probably 
of considerably lower horsepower than the steam locomotive 
with which it is compared, and the Diesel-electric tractive-power 
effort would therefore be considerably less than that of the steam 
locomotive as the speed increased. 

The author’s locomotive is based on the assumption that the 


* Mechanical Engineer, Wabash Railway Co., Decatur, IIl. 
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average demand on the present locomotive as it moves a train 
over the road is only 50 to 75 per cent of the maximum, depend- 
ing on the service and nature of the road. This is true in general, 
although there may be some classes of service, such as time 
freight service or heavy freight trains that move over a low- 
grade line without much interference, where the average demand 
comes somewhat closer to the total available power of the loco- 
motive. As a matter of information the writer submits the 
curve of Fig. 11 which shows the cylinder horsepower of a modern 
locomotive, developed over a 100-mile run in heavy freight service 
over a district having 0.4 per cent ruling grade. This curve was 
taken from actual dynamometer records, and the engine used 
had available boiler horsepower of 2760. In this case the 
average cylinder horsepower was about 75 per cent of the avail- 
able horsepower. 

Inasmuch as our modern practice of using superheated steam 
practically takes care of cylinder condensation, the writer does 
not see that the fact that the steam would expand in hot Diesel 
cylinders would be any additional advantage from this stand- 
point. However, on the other hand, if the hot Diesel cylinder 
will take care of cylinder condensation, it might be possible to 
do away with superheating the steam. 

It is stated in the paper that steam and products of combustion 


Fic. 11 Cytinper Horsepower DeveLorep By a Mopern Loco- 
MoTIVE Over a 100-Mite Ruw 1n-Heavy FREIGHT SERVICE 


of the Diesel can be mixed and do no harm to the cylinder liners 
and pistons. It may not be an analogous case, but most car 
drivers find that automobile engines seem to work better when 
there is a light rain or heavy fog, and there have been several 
devices on the market for injecting water into the manifold of 
the automobile engine. However, it is the writer’s understand- 
ing that this practice has been discouraged on account of the 
expected dissolving effect of the mixture on the metal in the 
cylinders. 

In the author’s arrangement it is stated that the Diesel is to 
begin to operate when the speed of the locomotive reaches 
4 m.p.h. With a 63-in.-driver locomotive, which is a very 
common size for modern freight engine, this would mean only 
21'/; r.p.m., which seems rather low for Diesel-engine operation. 

One incidental problem which is not mentioned in the paper 
is that of suitable draft for the fire of the steam boiler. Modern 
locomotives use induced draft produced by a jet of steam through 
the exhaust-nozzle tip, and which at the same time is responsible 
for more or less back pressure on the pistons of the engine. It 
would be rather impracticable to produce draft by this same 
method with a combined Diesel-steam locomotive, and the 
Writer understands it would not be advisable to put this back 
pressure on the pistons. The alternative is the production of 
draft with an induced-draft fan, which, while it has been tried 
ut to some extent in Europe and experimentally in this country, 
has not yet been successfully developed. This is of course an 
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incidental problem, but one which will have to be given careful 
consideration. 

If the initial cost of the D-H locomotive will, as stated in the 
author’s answer to question 17, be approximately the same as 
that of a steam locomotive of equal capacity, it will overcome 
one of the principal objections that have been raised so far to 
the Diesel-electric locomotive, namely, its high initial cost. 

If the D-H engine will give at least twice the thermal efficiency 
of the present steam locomotive, as seems probable, it will 
certainly result in a very large fuel saving, and one that will 
justify the interest and support of transportation men in the 
development of this steam-Diesel type of locomotive. 


Epaar J. Kates. Although the author expects to use only 
Diesel power in the locomotive cylinders when pulling the train 
at normal speed and average load, it seems likely that in an 
engine as commercially built and practically used, steam will be 
admitted to the cylinders for a considerable portion of the running 
time. 

In this case it becomes necessary to study fully the effect that 
the introduction of large amounts of steam will have on the 
Diesel cycle. The author mentions that there will result a heat 
exchange between the steam and the gases, that the hot gases 
will be cooled to a certain extent, and that the entering steam 
will be superheated. This, in the writer’s opinion, might result 
in the hot gases being cooled something like 1000 deg. fahr., in 
which case it would seem that the Diesel efficiency would be 
seriously reduced because of the temperature degradation. A 
complete thermodynamic calculation on this point would be 
enlightening. 


C. A. Jacopson.'! This paper, the writer believes, is the 
first one that has been discussed in this country on the direct- 
drive locomotive. He disagrees with the author that light-weight 
engines will not wear. If we take solid-injection engines of 50 lb. 
weight, they will be found to wear very much better than any- 
thing that is used in the steam locomotives which are at present 
in use on the railroads. Of course, this Diesel-steam process 
has not been tried so we are not sure that it will work out satis- 
factorily and undoubtedly there will be a great deal of develop- 
ment work required to perfect it. 

The geared arrangement would be the most suitable as it 
would allow the most advantageous arrangement on the loco- 
motive as far as weight distribution is concerned, with the 
separation of pressure and stress generated from the wheels from 
those generated by the engine, and it would also allow better 
ratios, so that a lighter engine could be built. Even on a direct- 
drive locomotive it would be unnecessary to add weight such as a 
boiler, as there would be more weight than was required. That 
would depend entirely upon the type of service in which the 
locomotive was placed. A passenger-steam locomotive may run 
down to 100 lb. per hp. 

There is a decided disadvantage with the author’s scheme, and 
very likely this will be true of the Kitson-Still locomotive. It 
will not be smokeless by any means. At the present time that 
is the chief reason for adopting a Diesel locomotive. Around 
New York City probably every such locomotive has been bought 
on that account. In other cases, of course, the reason has been 
branch-line operation. Smoke would even be very serious in 
main-line operation. Clean operation is probably one of the 
best reasons for the adoption of the locomotive, aside from its 
economy. 

It may be of interest to note that the first gear-drive loco- 
motive has been in regular operation since January 1, 1927. 


10 Consulting Engineer, New York, N. Y., Mem. A.S.M.E. 
11 American Crusher & Machinery Co., New York, N. Y. 
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One of the high officials of the German State Railways who 
recently returned from Russia has stated that there was no 
maintenance except what was required on the ordinary steam 
locomotive such as brakes. He stated that, in his opinion, the 
type was one of the best designed for main-line work, and it is 
expected that the German State Railways will place orders with 
the German licensees for a number of them. The Japanese 
State Railways have just placed an order for 15 of these loco- 
motives, and very soon in this country there will be an oppor- 
tunity to see one which was built by Krupp in Germany. 

Mr. Lipetz said something about the efficiency of the mechani- 
cal gear-drive locomotive being as low as 12 to 13 per cent at 
times. That is true of any locomotive; when it is running on a 
partial load its efficiency is probably very low compared with its 
maximum. The electric drive would probably have a maximum 
transmission efficiency of 75 per cent at one load and speed, but 
at others it might be very poor. That has to be taken into ac- 
count with any type of locomotive. 

It seems to the writer that one of the chief things to get away 
from is the idea that a Diesel engine should only run at a mean 
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effort at a given speed which is expressed by the following 
equation: 


Rail horsepower = T X 88S/33,000 = 0.00266 T'S 


Here T signifies the tractive effort in pounds, and S the speed 
in miles per hour (one mile per hour equals 88 ft. per min.) 
The prime mover, whether it is a constant-torque or a constant - 
speed engine, must deliver the equivalent rail horsepower to 
obtain a given speed-tractive effort. 

Fig. 12 shows the rail horsepower and the corresponding speed- 
tractive efforts. At the point where the curves of the latter 
intersect, both engines will develop the same horsepower. At 
lower speed the Diesel-electric, at higher speed the steam engine, 
develops the most horsepower and consequently the higher 
tractive effort. 

Mr. Lemp states: ‘In reference to Fig. 1, it is evident that 
by changing the gear of the motor drive, the tractive effort 
(of the Diesel-electric locomotive) at the start may be lessened 
and higher speeds made possible.’’ Generally speaking, when 
using a constant-speed engine, changing gears can only increase 

the speed at the expense of tractive effort. For the 


60,000 too tractive efforts at the higher speeds in Fig. 1 to 
equal those of the steam locomotive it would require 

*1 50,000 LZ 1000 a larger Diesel developing not 480 but 1200 rail hp. 
4 ; Right here is the difficulty. The present main-line 
Jj 40,000 800 locomotive of customary size (27-in. X 32-in. cyl- 
z \ Af inders) develops at higher speeds about 2400 rail hp. 
\ P 600 and weighs, when loaded, about 160 tons or 133 lh. 
Y 30,000 é per rail hp. On the other hand, let us take the 
w} 600-b.hp. Ingersoll-Rand Diesel-electric locomotive: 
20,000 f 400 HY Its weight is 100 tons, or 330 Ib. per b.hp., or 390 
ul — lb. per rail hp. These figures show what the 
wl 'oceo 200 a signer of the Diesel-electric locomotive is up against 
2 eee J} If he wishes to install 2400 or even 4000 rail hp. 
a | (equal to 2850 or 4750 b.hp.) to obtain the tractive 

re) é 2 2 6 to @ 2 mM BE effort which the present steam locomotives at higher 
SPEED Ww MILES CER HOUe speeds develop (without overstepping their weights), 

— _— he is compelled to use Diesels about as light «as 

Fic. 12. Ram HorsePowER AND CORRESPONDING Speep-TRAcTIVE Errorts those for airships. This, however, is not practical 


effective pressure of 70 or 80 lb. We impose no such limit when 
we build a truck engine or an aviation engine, but build it so 
that it will give the highest horsepower output that can be 
possibly gotten out of it. The same thing should be true in a 
locomotive. A test was made in Europe with the four-cycle 
mechanical-injection type with the normal m.e.p. at 85 Ib., 
and at that rate the fuel consumption was 0.37 lb. perhp. When 
the maximum mean effective pressure was 120 lb. the exhaust 
was just barely visible. The corresponding fuel consumption 
was 0.4 lb. for that increase of 50 per cent in the mean effective 
pressure and capacity of that engine, there was no difference as far 
as smoke was concerned, and the fuel economy was still very good. 
That increase in fuel consumption would be a very minor thing 
in locomotive operation where the periods of maximum power 
output would be comparatively small, and the majority of the 
time the power required would be very much less than the 
maximum. 


Tue AutHor. The whole discussion has not set forth a single 
argument which would make the proposed D-H locomotive 
questionable. A careful reader of the paper will find therein 
adequate replies to many of the remarks made during the dis- 
cussion. Some of them are not sufficiently to the point to 
justify dealing with them. However, there are some which 
need a reply. 

There is a fixed relation between rail horsepower and tractive 


as their first cost and their inherent high wear and 
depreciation are prohibitive, because for railroads commercial 
success alone counts. 

The author cannot at all agree with Mr. Lemp when he states, 
“It is the writer’s (Mr. Lemp’s) belief that the real field of the 
oil-electrie locomotive will be heavy main-line service.”” So far 
not a single main-line locomotive exists anywhere on the globe 
which approaches the rail horsepower and corresponding tractive 
efforts now developed by the present heavier type of main-line 
locomotives at higher speeds. He cites an article in the Railway 
Age referring to a test on a Diesel-electric locomotive pulling 
four passenger coaches. What are four coaches with a hand/ul 
of passengers compared to a heavy freight train several city 
blocks long moving at a fairly swift speed? Besides, M. 8 
Richardson pointed out in reference to Mr. Lemp’s statement 
that ‘‘that test was made primarily for branch-line service and 
not for main-line service.” 

Mr. Lemp questions the reliability of a boiler carrying 500 |). 
pressure. Here the author wishes to mention that the following 
locomotives are at present under course of construction which 
use much higher boiler pressures than he intends to: 

Swiss Locomotive Works, Buchli type, boiler pressure 800 |!).; 
engine speed 1000 to 1200 r.p.m. geared down to a jackshaft. 

The Swiss Locomotive & Machine Co. is testing at presen! 4 
locomotive using 875 lb. boiler pressure. 

Schwartz & Co.’s Berlin Works, 2500-hp. engine; boiler pres- 
sure, 1500 lb. 


ing 


Referring to the remarks made by Mr. Lipetz: The author 
cannot agree when he claims that “it would be a mistake to con- 
sider the use of steam in a locomotive to treat it from the point 
of view of power instead of tractive effort.” Power and speed- 
tractive effort stand in a fixed relation to each other, as the 
above equation shows. The engine builder is accustomed to 
speak of “horsepower; the railroad man of “speed-tractive 
effort;’’ but both terms are interchangeable. 

Mr. Lipetz errs when he says that a constant-torque locomotive 
must be designed to correspond to the minimum torque, for 
otherwise the engine will be considerably underloaded, and its 
economy reduced for small tractive efforts. Most of the power 
plants, those of Diese electric locomotives included, operate 
with low average load factors. Why does Mr. Lipetz’s suggestion 
not extend to the Diesel-electric locomotive and have its engine 
designed for a low load factor? Of course the suggestion cannot 
be realized in practice in either case because the engine must be 
of sufficient size to meet the maximum load. 

Mr. Lipetz believes that the maximum piston forces of the 
D-H locomotive will exceed those of the present steam locomotive. 
This will not be the case, as a careful investigation has shown. 
He assumes that the highest mean effective pressure obtainable 
in double-acting two-stroke-cycle engines is only 60 to 65 Ib. 
per sq. in. This is not the case. The figures just mentioned 
refer to continuous load and represent a very conservative 
rating. The author is informed that mean effective pressures 
of SO Ib. persq. in. have been reached without difficulty. Here 
it should be kept in mind that the term “tractive effort’ refers 
to the maximum of what the engine can furnish. This being 
the case, much higher mean effective pressures, and consequently 
smaller power cylinders, can be used than Mr. Lipetz assumes. 

Mr. Lipetz’s statement that in a steam locomotive any trac- 
tive effort below the maximum renders the engine more eco- 
nomical, is not quite correct. A locomotive at a given speed has 
a most favorable cut-off; below this the economy drops off 
rapidly. 

Mr. Lipetz’s statement that in a Diesel locomotive the ef- 
ficiency decreases with diminished tractive effort is correct with 
a locomotive driven by straight Diesel power. This, however, 
is not the ease in the D-H locomotive. On the contrary, the 
economy increases until about half the maximum tractive effort 
is reached, which corresponds to about the normal load obtain- 
able by straight Diesel power. Below this the efficiency remains 
first nearly constant (a characteristic of the Diesel cycle), and 
then begins to fall off more noticeably. 

When Mr. Lipetz refers to the Still engine, pointing out that 
the piston top tends to superheat the steam, it should be men- 
tioned that this is probably more than counterbalanced by the 
fact that the steam end of the cylinder has an extremely unde- 
sirable shape. That the steam consumption in the Still engine 
cannot be favorable may be judged from Power, vol. 64, page 730. 
Here « 2500-hp. marine Still engine is referred to, making use 
of the exhaust gases and the heat supplied to the water jackets. 
An economizer and a 27-in. vacuum are used, and yet only 14 
per cent of the total power output is delivered by the steam 
unt. The D-H locomotive will have a much better steam 
consumption, and it will make use of the waste heat of the 
engine in & manner somewhat similar to that of the Still loco- 
motive, 

The author feels certain that Mr. Eksergian is not correct 
When he assumes that the weight of the D-H locomotive, shown 
in Fig. 7, will be materially higher than that of a steam engine 
of equal tractive effort. Here it should be considered that the 
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boiler capacity needs to be only a fraction of that of the steam 
locomotive. 

The author is fully aware that a direct-connected straight 
Diesel would give an undesirable ratio of peak to mean crankpin 
forces. This is one reason why he proposes the combination of 
Diesel and steam power and intends to proportion the cylinders 
for only 50 per cent straight Diesel. Mr. Eksergian says, 
“If we consider the preliminary proportioning of cylinders for 
the D-H locomotive under straight Diesel performance at a 
maximum horsepower and speed, we find...’ The conclu- 
sions drawn on this assumption are not to the point in regard 
to the D-H locomotive. 

Professor Schweitzer should be commended for his disinterested 
and unbiased remarks. He admits that, at average load, the 
D-H locomotive on account of its better load factor will consume 
about 10 per cent less fuel than a straight Diesel locomotive. 
The author would ask whether 10 per cent is not worth saving 
in addition to the considerable losses encountered by the genera- 
tor and motors which alone amount to 15 to 35 per cent, de- 
pending on the load. 

The author wishes to thank Mr. Pownell for furnishing a 
chart of an actual dynamometer record on a 100-mile run, having 
0.4 per cent ruling grade, showing an average cylinder horse- 
power of about 75 per cent over the maximum. 

It is true that superheating the steam in a steam locomotive 
reduces cylinder condensation, but it does not prevent it com- 
pletely as does the D-H locomotive. 

Mr. Pownell questions that the firing of the power cylinders 
will take place at a speed as low as four miles per hour. This 
depends on the heat at the end of the compression stroke. Using 
airless fuel injection and steam for starting eliminates the re- 
frigeration effect which the use of air has in ordinary Diesels, 
making the D-H locomotive start much easier. 

Referring to Mr. Jacobson’s remark, it is a well-known fact 
that nearly all Diesels of medium and larger sizes are rated much 
below their maximum capacity. The reason is not that the 
Diesel could not be successfully operated at continuous higher 
loads, but that the average engineer under the average plant 
conditions will do very much better if his Diesel is not loaded 
to the utmost. The maintenance cost will be lower. Larger 
Diesels should not be compared with automobile and aviation 
engines because here the stresses are harder to deal with than in 
smaller cylinder sizes. This makes supercharging practical for 
smaller Diesels but questionable for larger ones. 

In conclusion, the author would say that the D-H locomotive 
is a typical heavy-duty main-line engine. It does not deviate 
radically from customary practice as the straight Diesel loco- 
motive does. Using a much smaller boiler but a greater number 
of cylinders, its weight and its crankpin forces will be within 
customary limits. Adding a fuel-injection pump and a scaveng- 
ing-air blower will not materially affect its simplicity but will 
permit the introduction of the Diesel cycle and will completely 
eliminate all cylinder condensation. This will increase the 
efficiency over the steam locomotive a few hundred per cent, and 
will maintain its flexibility and its favorable tractive efforts at 
higher speeds. 

The D-H locomotive will require some development work, 
but there is no question in the author's mind relative to its 
success, its revolutionizing effect on the railroads, and its im- 
portance relative to national economy. He expresses his hope 
that he will succeed in obtaining financial assistance which will 
enable him to prove by actual demonstration the value of the 
D-H locomotive. 
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Efficiencies of Otto 


OGP-50-5 
and Diesel Engines 


By F. O. ELLENWOOD,? ITHACA, N. Y., F. C. EVANS, NEWPORT, DEL., anno C. T. CHWANG,* WASHINGTON, D. C. 


This paper gives primarily the results of calculations for the ideal 
Otto and Diesel engines in which the working substance is a mixture 
of real gases. The results are presented in the form of convenient 
tables and curves that may be readily used by any engineer in the 
determination of the engine efficiencies of internal-combustion 
motors operating under the various conditions existing today. The 
general method of procedure is fully explained and the necessary 
equations are given. 

The paper also considers the factors involved in the establishment 
of “real-mixture standards” on which to base the performance of 
Otto and Diesel engines, and compares the results obtained by some- 
what different conceptions. The use of higher and lower heating 
values of the fuel in the various calculations involved is discussed, 
and the tables and curves for the 65 cases considered give the results 
for both values. 

The importance of using engine efficiencies to express performance 
is stressed, and five illustrative examples indicate that some of the 
best internal-combustion motors have already been so well designed 
and built that they give the excellent result of engine efficiencies 
as high as 76 per cent, 


of knowing the laws governing the variable specific heats 

of gases at high temperatures in order that they may 
make more satisfactory calculations of the ideal cycles of in- 
ternal-combustion motors than was possible by the so-called 
“air standard” method formerly in use. The experimental data 
relating to these specific heats are not all in close agreement, but 
Goodenough and Felbeck® have recently assembled this in- 
formation and presented equations that the authors accept as 
representing the most reliable values available to date. If 
engineers agree on the specific heats of gases, the chief uncer- 
tainty regarding the solution of problems based on the ideal 
Otto and Diesel cycles has been removed. However, there still 
remain certain points about which there may be differences of 
opinion. 

This paper, therefore, has the following objects: 


| VOR SOME years engineers have realized the importance 


1 To discuss the factors involved in the determination of the 
ideal Otto and Diesel cycle efficiencies that may be used as logical 
standards; 


2 To give the results of calculations for the ideal engines 


using various compression ratios and fuel mixtures, when con- 
sidering the variable specific heats, but not dissociation; and to 
show the significance of these results in expressing the per- 
formance of internal-combustion engines; 

3 To compare these results with those in which dissociation 
has been considered; 

4 To present a few fairly typical illustrations of the effi- 
ciencies of modern engines. 


‘The investigation upon which this article is based was in part 

supported by a grant from the Heckscher Foundation for the Ad- 

Ms ancement of Research, established by August Heckscher at Cornell 
llversity. 


of Heat-Power Engineering, Cornell University. Mem. 
_* Formerly Assistant Professor of Heat-Power Engineering, Cornell 
niversity. Mem. A.S.M.E. 
U Formerly graduate student of Heat-Power Engineering, Cornell 

hiversity. Jun. A.S.M.E. 

* Bulletin No. 139, University of Illinois, 1924. 

Contributed by the Oil and Gas Power Division and presented 
. the Annual Meeting, New York, Dec. 5 to 8, 1927, of Tue 
‘AMERICAN SocreTy OF MECHANICAL ENGINEERS. 


IpeAL Orro anp Cycies DEFINED 


The ideal Otto engine herein considered is one in which the 
cycle is completed under the following conditions: 

(a) There is no transfer of heat to or from the mixture while 
in the cylinder. 

(b) There is no leakage, fluid friction, or mechanical friction 
in this engine. 

(c) The mixture at the beginning of compression is assumed 
to be a gas having atmospheric pressure and a temperature of 
200 deg. fahr. 

(d) The compression and expansion ratio r is equal to 
(100 + c)/c, where c represents the clearance of the engine in 
per cent of piston displacement. The value of c is to be chosen 
the same as it is in the actual engine with which the ideal is 
being compared. 

(e) The mixture in the cylinder during compression is com- 
posed of air, fuel, and residual gases. The air-fuel ratio is 
chosen for the ideal engine to be the same as that obtained by 
test of the actual engine with which comparison is to be made, 
provided the actual engine has at least sufficient air to permit 
complete combustion of the fuel. If the actual engine is operated 
with a deficiency of air, the air-fuel ratio in the ideal engine is 
then taken as just sufficient to afford complete combustion of all 
of the fuel. The weight of residual gases cannot be calculated 
accurately, but it is assumed to be sufficient to fill one-half of the 
clearance volume when reduced to the pressure and tempera- 
ture previously assumed at the beginning of compression. 

(fy No dissociation is considered; in other words, all com- 
bustion is assumed to take place at constant volume, and the 
corresponding rise in the temperature of the products of com- 
bustion is just sufficient to account for the lower heating value 
of the known weight of fuel used per cycle. 

For the ideal Diesel engine, conditions (a), (6), and (c) are 
assumed to hold as given for the Otto, while (d) is modified by 
having the expansion ratio less than the compression ratio due 
to the injection of fuel at constant pressure during part of the 
stroke, (e) is changed by eliminating the fuel from the mixture 
during compression, and (f) assumes that combustion occurs 
at constant pressure as the liquid fuel is injected. 

The reason for considering the ideal engine to have at all times 
at least sufficient air to burn completely all of the fuel used is 
that, in the opinion of the authors, only by such a procedure can 
the heating value of the fuel be fairly used as a base on which the 
efficiency is measured. The mere fact that in certain types of 
Otto engines it may be desirable, for purely commercial or per- 
sonal reasons, to operate an engine without sufficient air to burn 
the fuel, does not necessarily méan that the ideal engine is one 
through which part of the fuel is considered to pass without any 
possibility of complete combustion. The modern automobile 
engine is often operated with a deficiency of air in order to give 
a more flexible motor and at the same time yield its maximum 
power per unit of piston displacement. Fundamentally, how- 
ever, this engine is still a heat engine, and it seems to the authors 
that in calculating the energy available from each unit of fuel 
it should be assumed that all of the fuel is to be completely 
burned, as is done with all other ideal heat engines. If any 
engine fails to burn its fuel completely, it certainly seems reason- 
able to expect its engine efficiency to be reduced thereby, and that 
is exactly what happens when the ideal is always considered to 
have at least sufficient air for complete combustion. 
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After establishing the conception of an ideal engine in which 
there is never a deficiency of air, the question of dissociation 
is next in order. The effect of dissociation on the efficiencies 
of the ideal cycles involving no deficiency of air is small, and it is 
therefore questionable whether such a refinement is warranted 
in the calculation of such ideal cycles, because of the following 
uncertainties involved: 

a The amount of dissociation occurring within the cylinder 
of the real engine and the proper laws to use in considering dis- 
sociation in the corresponding ideal engine; 

b The specific heats of the mixture in the cylinder at various 
temperatures; 

c The composition and temperature of the mixture (in- 
cluding dilution) in the cylinder at the beginning of compression 
in the actual engine; and 

d The composition and heating value of the fuel used. 

Dissociation usually does not affect the efficiency of the ideal 
Diesel engine to as great an extent as it does that of the Otto 

engine, because dissociation is 
‘ decreased by low temperature 
and the Diesel engine is com- 
monly operated with a large 
percentage of excess air so that 
the maximum temperatures 
involved are less than in the 
Otto engine. 


2 
Equations UsEep 
at Since the ideal cycles are to 
Fic. 1 be calculated for a mixture of 


gases whose composition varies 
with the compression ratio, fuel used, and air-fuel ratio, it is 
necessary to determine the equations for the specific heats of 
each mixture before and after combustion. The specific heats 
of a mixture of gases can be represented in terms of the abso- 
lute temperature 7’ by the equations 


Ce M + BT + CT? 
and cp = M’+ BT + CT? 


where M’, M, B, and C are constants for each gas mixture. As 
an illustration, consider the mixture of three gases with the re- 
spective weights w;, w2, and w;, the same subscripts also being 
used to indicate the constants of each constituent. Then for 
this mixture 


wiM, + + wiMs 


M = [1] 
+ W2 + Ws 

(2] 
WwW, + We + 

[3] 
Ww, + We + Ws 

WwW, + W2 + Ws 


Also for w pounds of this mixture having an absolute pressure 
of p lb. per sq. in. and a volume of V cu. ft., the constant R 
is such that 


144pV 
wT 


= R = 778 (cp — cv) = 778 (M’ — M)...... [5] 


The mixture in the Otto- and Diesel-engine cylinders always 
contains some residual gases during compression. There- 
fore both the fuel mixture and the products mixture will contain 
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TABLE 1 GAS CONSTANTS FOR CONSTITUENTS OF MIXTURES 


M’ M B(10)§ Cc(10)* R 
CeHe (Benzene) 0.0513 0.0258 40.77 0 19.80 
C7Hs (Toluene) 0.0435 0.0219 34.60 0 16.80 
CsHiw (Xylene) 0.0377 0.0190 30.00 0 14.55 
CsHis (Gasoline) 0.3358 0.3184 33.29 0 13.53 
On 0.2166 0.1545 0 3.750 48.26 
N2 0.2474 0.1765 0 4.283 55.12 
He 2.9762 1.9916 33.07 0 766.03 
H20 0.4624 0.3522 — 1.532 23.48 85.72 
CO 0.2474 0.1765 0 4.283 55.12 
COs, T< 2900 0.1625 0.1174 8.864 —13.64 35.10 
CO:, T >2900 0.2772 0.2321 0.9545 0 35.10 


a certain amount of CO., which means, according to Good- 
enough and Felbeck, that the gas constants will be different above 
and below 2900 deg. fahr. abs. Let the subscript zero be attached 
to the gas constants to be used with values of 7’ less than 2900. 
The actual values of the constants for the constituent gases, as 
used in the calculations, are given in Table 1. By the aid of the 
values given in this table and Equations [1] to [5], inclusive, 
the constants for the mixtures involved in each case were calcu- 
lated and the results are clearly shown in the other tables. 

As soon as the specific-heat equations are known, it is then 
possible to calculate the values of internal energy and enthalpy 
(or heat content) of any mixture having a known temperature, 
or vice versa. Equations [6] to [13], inclusive, which follow, are 
used for this purpose. 


Specific Heat at Constant Volume, cp 


If T < 2900, Cr M, B oT + C oT? [6] 
If > 2900, c = M+ BT + CT®.......... [7] 


Specific Heat at Constant Pressure, cp 
If T < 2900, cp = + Bol +C T?........ [s] 
If T > 2000, co = M’ + BT + CT?......... [9] 


Specific Internal Energy, i 


T 
BoT? 
If < 2900, i cdT = + —— + [10] 
0 


2 3 


2900 


= (M,— M)2900 + a (2900)? 


Co—C BT? CT? 


+ 3 (2900)? + MT + = + —..[ll] 


Specific Enthalpy (or heat content), h 


T 2 3 
0 


T 
If T > 2900, b= + 
2900 


B,—B 
= (M’,—M’) 2900 + — 


(2900)? 


C.—C 
3 


CT? 


BT? 
+ (2900)? + + + 


First consider the ideal Otto engine, for which the lines 1-2 
and 3-4 of Fig. 1 represent on the pressure-volume diagram the 
isentropic compression and expansion curves, respectively, of 4 
definite weight of working substance. It is not necessary to 
consider the suction and exhaust strokes for the ideal engine be- 
cause it is assumed that there is no fluid friction, and consequently 
the area of the diagram would not be affected by them. The line 
2-3 represents the rise in pressure of the products mixture due to 


| 
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combustion, which is considered as taking place at constant 
volume and without any transfer of heat to or from the working 
substance. The line 4-1 represents the extremely rapid drop 
in pressure of the products mixture remaining in the cylinder 
while the piston is at the end of the stroke after the exhaust 
valve opens at 4 and lets most of the gases rush out to the at- 
mosphere. This exit of exhaust gases does no work on the piston, 
and the effect of it on this diagram is the same as though all of the 
gases had been cooled at constant volume from 4 to 1. 

The relation between temperature and volume of a mixture, 
having variable specific heats, when undergoing an isentropic 
compression or expansion is now required. The temperature 
T,, the ratio of compression, r = V,/V2, and w pounds of a 
certain mixture are assumed for the case under consideration. 


means of Equation [10]. Then the work done by a unit weight 
of this mixture during compression is 


From this equation, which wilf always yield a negative value 
since 72 is greater than 7, it is apparent that it is not the absolute 
value of the internal energy that is involved but only the differ- 
ence of two internal energies, both of which must be measured 
above the same zero value, which is arbitrarily chosen. 

For the rest of the cycle the problem deals with the products 
mixture. Here it should be noted that the internal energy of a 
fuel mixture at a given temperature and volume is not necessarily 
the same as the internal energy of the products mixture at the 
same temperature and volume. Consequently the next step in 


TABLE 2 GAS CONSTANTS FOR EXPANSION MIXTURE IN OTTO ENGINE 


Lb. air per Per cent M Me B(10)* Bo(10)* c(10)* Co(10)* 

Fuel Ib. fuel air (T>2900) (T<2900) (T>2900) (T<2900) (T>2900) (T < 2900) A 
15.2 100 0. 2026 0. 1808 0.0485 1.556 5.150 2.55 54.10 
16.7 110 0.2000 0.1799 0.0440 1.427 5.060 2.674 54.06 
Gasoline CsHus 18.2 120 0.1980 0.1792 0.0403 1.312 5.002 2.852 54.05 
20.5 135 0.1950 0.1785 0.0357 1.173 4.910 2.950 53.99 
22.8 150 0.1927 0.1778 0.0320 1.058 4.838 3.069 53.97 
compan {Colle 18% 9 13:08 100 0.1985 0.1717 0.1470 1.994 4.195 1.015 52.09 
90% {Cis 23% 16 18 120 0.1943 0.1717 0.1240 1.680 4.226 1.558 52.32 
Benzol ( Cotte 4% ) 20.22 150 0.1901 0.1719 0.1002 1.358 4.220 2.060 52.69 
CO (Vol.) 28% 0.744 100 0.1971 0.1590 0.2975 2.934 3.064 — 1.486 48.82 
Blast- J Hy (Vol.) 3% 0.893 120 0.1952 0.1600 0.2690 2.710 3.151 —1.030 49 32 
furnaces GO, (Vol.) 10% 1.042 140 0.1935 0.1608 0.2584 2.516 3.223 —0.657 49.63 


Then with J representing the internal energy, Q the quantity of 
heat added during a process, and A = 1/778, it follows from the 
common energy equation that dQ = dJ + APdV. 

But from the relation PV = wRT, and remembering that 
dQ = 0 for an isentropic process, it must be true that 


wRTdV 
V 


0=dIl+A 


But for < 2900, = wedT = w[My + + 


dV 
Hence E + By + dT =—A 


Then integrating between the limits 7,, Vi and 7, V2 yields the 
following equation between T and V: 


C, 
M, log. + B(T:.—T:) + T;?) 
1 


—AR = AR log. [14] 
1 2 


Let K = 2.3026 = log. N 


logio 


T C 

Then KM, log + + 4 — T;*) = KAR logr 
1 

or 


By Co AR 
og T, + KM, (T:— Ti) + 2K Me (T; logr . . [15] 


With the constants My, By, and C, for the fuel mixtures ob- 
tained from the tables of calculated results given later, the 
temperature at the end of compression 7; is now found by means 
of Equation [15] for each case having 7; and r known. 

After obtaining 7’; for the fuel mixture, the value of the specific 
internal energy i, at the end of compression is next obtained by 


the solution is to find the internal energy of the products mixture 
t’, at the temperature 7;. This is done by using Equation [10] 
with the proper constants for the products mixture. The 
values of i: and i’, are given in the table for each set of calcula- 
tions. Then by adding to 7’, the energy evolved by the combus- 
tion of w; pounds of fuel per pound of mixture, the internal 
energy of the pound of mixture at the end of combustion is found. 
When the heating value of a fuel is determined experimentally, 
it is done by measuring the amount of heat abstracted from the 
products of combustion and not from the original mixture. Con- 
sequently 


The lower heating value of the fuel should be used for this purpose 
because the temperatures at 2 and 3 are both far above the satura- 
tion temperature corresponding to the partial pressure of the 
water vapor formed by the combustion of any hydrogen in the 
fuel. 

For the isentropic expansion the equation used is similar to 
that just developed for the compression curve, but it is compli- 
cated by the fact that in general two sets of gas constants are 
involved because the extremes of temperature usually lie both 
above and below 2900 deg. Assuming this condition to hold, the 
equation giving the temperature-volume relation for the ex- 
pansion line 3-4 may be derived thus: 

Let T2(=2900) and Va represent respectively the absolute 
temperature and volume of the products mixture at the dividing 
point d between the equations of the two portions of the expansion 
line. Then above 2900, 


B 
M log + = — + — — TP) 


K 2K 
Va 
V3 
and below 2900, 
By 


T 
M, log + = + (Tat — T?) 
4 


We 
| 
| 
| 
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Now, by adding Equations [18] and [19], there is obtained 


By — 


[ — a0 log Ta + ( K 


For any given mixture, the portion of Equation [20] that is 
enclosed by the brackets becomes a constant (since 74 = 2900) 
and consequently the solution of this equation to find 7’, is some- 
what shorter than might be expected. However, in all of these 
equations of isentropic processes the solution involves the use of 
trial values of the unknown temperature until the equation is 
satisfied for the given ratio of expansion or compression. 

After obtaining 73, the value of 7’; is found by means of Equa- 
tion [10] or [11]. Usually 7 is above 2900 and consequently 
Equation [11] is used. Then by knowing the expansion ratio, 
V./Vs, the temperature 7, is found by using Equation [20]. 
Next, the internal energy per pound of product mixture 7%, is 
obtained for the temperature 7',, and the work done by this mix- 
ture during its isentropic expansion is 


Works,« = 13 14 


Since the ideal cycle involves no fluid or mechanical friction the 
net work done by each pound of mixture in the ideal Otto engine 
is therefore 


Work; = — + (a; tz) 
The efficiency of this ideal engine is 


Work; 
wy X (heating value of the fuel) 


In this expression w; represents the weight of fuel used per pound 
of mixture. 

The question of whether the higher or lower heating value 
should be used for this efficiency is debatable to the same extent 
as it is when determining the thermal efficiency of the actual en- 
gine. Since there is such a difference of opinion on this point 
among the engineers of the world, the efficiencies have been 
calculated for both the higher and lower values and the results 
are clearly indicated in the tables and curves. However, it 
should probably be stated again at this point that in Equation 
[17] the lower heating value should be used regardless of what 
value is used in Equation [23], because there is no possibility 
that the higher heating value is available to increase the tem- 
perature of the products of combustion above the temperature 
at the end of compression. 

For the ideal Diesel engine the solution is carried out in a some- 
what similar manner to that just outlined for the Otto. How- 
ever, there are certain modifications that need to be observed on 
account of the fact that a definite weight of liquid fuel is in- 
jected after compression and is assumed to burn at constant 
pressure instead of constant volume. It should perhaps be em- 
phasized here that in the actual engine it is only necessary to 
atomize the fuel finely (not vaporize) and mix it thoroughly with 
the air before it will ignite or burn readily. Tests show this to 
be true, and to assume that the fuel must be vaporized before in- 
jection in the ideal Diesel seems to the authors to be basically 
wrong and unnecessary. 

Let Fig. 2 represent the P-V diagram of this ideal engine. 
After assuming 7, and finding the gas constants for the com- 
pression mixture (consisting of air and residual gases only), 


the values of 7, i;, and 7: may be determined for the given com- 
pression ratio, as previously explained for the Otto. The work 


done by w. pounds of this compression mixture is found from the 


equation 
Work,,» = we(t; — t2) 


The work done on the liquid fuel in pumping it into the cylinder 
of the actual Diesel engine is a very small fraction of the work 
done in compressing the air required for its combustion, and 
in the ideal Diesel the work done on the liquid fuel is still less 
because it is assumed there is no fluid or mechanical friction. 
As a matter of fact, for the ideal engine the work done on the 
liquid fuel is so small that it affects the net work of the cycle less 


P 
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than one part in 4000, and is therefore properly considered a 
negligible quantity in these calculations. 

For the case of air injection of the fuel, it is not necessary to 
make any special calculations for the work of compression of the 
air in the corresponding ideal engine. This is because the 
work of compression in the ideal engine includes that required 
for the injection air if the correct air-fuel ratio is used. It is 
true that the actual engine must employ injection-air pressures 
much higher than the compression pressure, but this is due 
chiefly to fluid friction and the necessity of rapid injection, and 
consequently whatever loss is incurred by this extra pressure 
must appear in the reduced engine efficiency. 

While w, pounds of the fuel are injected into the cylinder and 
burned at constant pressure, the work done by the resulting 
(wy; + w.) pounds of product mixture is 


Work:,; = AP;V3 — APaV2 = (wy + w.)APsV3 — weAP2V3. . [25] 


where V indicates specific volume. 
During the isentropic expansion of the products mixture from 
3 to 4, the work done is 


Works,« = 
= (wr + we) (is — ts) 


By combining Equations [24], [25], and [26] and remembering 
that for any mixture the specific enthalpy is defined by the 
equation, h = i + APY, it follows that the net work for (w, + 
w.) pounds of product mixture is 


(wy + we)(is— is) + (wy + w.)APsVs — + we(is — is) 
= (wy + we) (hs — 4) — Welt; — he) 


Hence the net work in B.t.u. per pound of product mixture be- 
comes 
We 


ws + We 
Therefore the efficiency of the ideal Diesel engine is 


{27] 


Work; = (hs —%4) — ( 
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We 
(hs — %4) — (i; — ha) 
wy X (heating value in B.t.u. per 


. [28] 


In order to calculate the values needed in Equation [28], 
there are several points to be noted. As soon as the temperature 
at 2 is obtained the specific enthalpy hz of the compression mix- 
ture may be found by using Equation [12]; then, by the same 
equation but with different constants, it is necessary to find h,’ 
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the specific enthalpy of the product mixture at this same tem- 
perature, 7. The calculation of h’ is essential because the ex- 
perimental determination of the heating value of a fuel at con- 
stant pressure simply shows the amount of heat abstracted from 
the products mixture in order to cool it to its original tempera- 
ture, the pressure being constant. Hence, if the lower heating 
value (L.H.V.) of the fuel is known, it follows that 


From Table 8 it may be noted that A,’ is appreciably different 
from he. After hs is found the corresponding temperature 7’; 
is obtained by using Equation [13]. 

Before 7, can be found the ratio of expansion V,/V; must be 
obtained. Since the pressure of w: pounds of the compression 
mixture at 2 is the same as w; pounds of the product mixture 


at 3, it follows that 
wsRsTs 
3; = 


But Vs = V, = rV2, where r represents the compression ratio. 


Therefore 
Vs w3Rs; 


Then by using Equations [20] and [31], 7’, is obtained and con- 
sequently 7% may be found from Equation [10] if 7’; is less than 
2900 deg. and from Equation [11] if 7, is greater than that value. 


ReEsvu.Lts oF CALCULATIONS AND THEIR SIGNIFICANCE 


By using the method just outlined for the Otto and Diesel 
cycles, the results, as shown in Tables 3, 4, and 5, were obtained. 
Special effort has been made to make clear the meaning of each 
column by means of suitable names as well as by the symbols 
used in the formulas. The term “100 per cent air’’ means that 
amount necessary to supply just sufficient oxygen to burn the 
fuel completely, and “120 per cent air’’ means 20 per cent more 
than is necessary for this purpose. 


| 
+—-4 + T 
{Results Based on Hi 


sults Based on Lower 
Heat ing Va! ye 


__Heati ingV Value 


Mixture Ratio, Lb Air per Lb Fuel 


Fic. Erricrency oF Orro EnGine Usine Per Cent” 
BENZOL 


ent 


rency, Per 


Efi 
~ 


| 


esults Based on Lower] 


| 
| | | 

120 130 


Results: Based on Higher 
—+— Heating Value 


1 
40 100 

Cent of Air 

09 


09 


0 | 07 08 
Mixture Ratio, Lb Air per Lb f 


Fic. 5 Erricirency oF Orro Enoine Usine Biast-FuRNACE 
AS 


For the Otto engine, using gasoline, 90 per cent benzol, and 
blast-furnace gas, the results are also given in Figs. 3, 4, and 5, 
respectively. The efficiencies were plotted against the mixture 
ratio, because this set of axes gives the best distribution of the 
curves in a given space. 

The curves for each of the three fuels are similar and are only 
displaced from each other by a maximum difference of slightly 
more than 2 per cent for any given compression ratio and the 
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TABLE 3 CALCULATED RESULTS FOR IDEAL OTTO ENGINE WITH GASOLINE! AS FUEL 


Abs. temperatures, 


Internal energies, B.t.u. per lb. mixture 
deg. fahr. Fuel 


Gas constants Products 


2 for fuel mixture mixture 

2a + 3 eh ge ° eo S 3 3 ea ° 
OF me M B(10)* C(10)* R og T2 Ts Ts it 44 
1 3.15.2 100 4.05 0.1805 0.1949 3.636 51.78 660 954 4686 3609 123.6 18 2 1110.2 794.0 
2 3 16.7 110 4.40 0.1799 0.1787 3.673 51.86 660 957 4478 3409 122.7 9 1031.9 731.6 
3 3 18.2 120 4.70 0.1794 0.1653 3.707 51.81 660 961 4290 3233 122.5 3 967.3 681.0 
4 3 20.5 135 5.25 0.1784 0.1477 3.761 52.29 660 969 4044 3005 121.5 4 883.4 616.2 
5 3 22.8 150 5.85 0.1787 0.1333 3.797 52.39 660 970.5 3818 2802 121.3 8.4 $813.4 562.3 
6 4 15.2 100 2.67 0.1806 0.1986 3.713 51.65 660 1047 4951 3581 123.8 8.5 1196.5 786.5 
7 4 16.7 110 3.15 0.1797 0.1797 3.757 51.89 660 1053 4705 3347 122.6 $8 1101.8 715.5 
8 4 18.2 120 3.22 0.1795 0.1672 3.786 52.02 % 660 1055 4527 3182 122.5 6 1037.6 668.2 
9 4 20.5 135 3.47 0.1794 0.1497 3.819 52.15 = 660 1063 4285 2960 121.9 8 951.8 605.3 
10 4 22.8 150 4.03 0.1774 0.1322 3.852 52.30 3 660 1071 4045 2749 120.3 5 874.5 550.1 
11 5 15.2 100 1.96 0.1806 0.2003 3.756 51.57 660 1124 5116 3521 123.8 6 1251.6 770.3 
12 5 16.7 110 2.18 0.1799 0.1828 3.782 51.82 $ 660 1133 4893 3308 123.0 5 1161.5 705.4 
13 5 18.2 120 2.44 0.1794 0.1685 3.816 51.90 “% 660 1140 4680 3114 122.0 4 1084.4 651.3 
14 5 20.5 135 2.64 0.1783 0.1502 3.864 52.06 660 1151 4433 2891 121.4 8 994.8 S88.8 
15 5 22.8 150 2.91 0.1776 0.1363 3.878 52.22 660 1157 4207 2693 120.5 0 919.0 537.1 
16 6 15.2 100 1.56 0.1806 0.2011 3.782 51.50 660 1188 5219 3446 123.7 230.4 2 1287.2 750.2 
17 6 16.7 110 1.75 0.1789 0.1840 3.801 51.76 660 1196 4500 3236 122.4 231.1 228.4 1196.4 687.0 
18 6 18.2 120 1.96 0.1794 0.1684 3.840 51.85 660 1204 4785 3042 122.5 230.5 7.2 1117.2 633.7 
19 6 20.5 135 2.04 0.1785 0.1517 3.873 52.05 660 1218 4544 2826 121.5 230.5 27.4 1027.4 573.5 
20 6 22.8 150 2.28 0.1776 0.1371 3.897 52.18 660 1227 4315 2630 120.6 230.2 227.6 949.6 522.7 


1 Lower heating value = 18,830 B.t.u. per lb. Higher heating value = 20,150 B.t.u. per Ib. 


Composition by weight, 100 per cent CsHis. 


TABLE4 CALCULATED RESULTS FOR IDEAL OTTO ENGINE WITH “90 PER CENT" BENZOL! 


Abs. temperatures, Internal energies, B.t.u. per lb. mixture 


Qo deg. fahr. Fuel Products 
= Gas constants for é mixture -——mixture———~ 

fuel mixture = 5 

55 32 & 32 Bao cao» R fs is’ is 
21 3 13.48 100 3.59 0.1636 0.2555 3.316 51.48 994 4967 3840 113.9 176.4 180.9 1149.6 826.4 
22 3 20.22 150 5.30 0.1655 0.1737 3.589 52.31 998 3992 2950 113.4 175.0 179.0 839.0 583.9 
23 4 13.48 100 2.41 0.1630 0.2600 3.478 51.44 1076 5232 3799 113.6 191.8 196.7 1233.1 815.4 
24 4 16.18 120 2.82 0.1643 0.2183 3.579 51.79 a 1034 4769 3370 113.5 192.4 196.6 1071.4 693.8 
25 5 13.48 100 1.84 0.1627 0.2613 3.565 51.39 <= 1159 5393 3726 113.4 208.0 212.9 1285.4 796.2 
26 5 16.18 120 2.16 0.1641 0.2207 3.640 51.78 3 1171 4926 3298 113.5 209.3 213.5 1118.4 676.1 
27 5 20.22 150 2.62 0.1658 0.1783 3.758 52.26 & 660 1184 4399 2835 113.7 210.9 214.2 948.2 557.5 
8 6 13.48 100 1.43 0.1624 0.2626 3.623 51.45 Y% 660 1235 5521 3663 113.2 222.8 227.8 1327.8 779.8 
29 6 16.18 120 1.68 0.1638 0.2216 3.700 51.75 Z 660 1246 5046 3232 113.3 8 227.1 1155.1 660.1 
30 7 13.48 100 1.22 0.1623 0.2638 3.666 51.38 660 1296 5601 3586 113.2 1 239.9 1354.5 759.8 
31 7 16.18 120 1.23 0.1638 0.2246 3.734 51.7 660 1311 5162 3188 113.4 8 240.7 1191.2 649.5 
32 7 20.22 150 1.76 0.1655 0.1797 3.824 2.27 660 1331 4598 2707 113.5 2 242.5 1004.1 528.7 


1 Lower heating value = 17,500 B.t.u. per lb. Higher heating value = 18,240 B.t.u. per Ib. 
Composition by weight 73 per cent CeHs, 23 per cent C7Hs, 4 per cent CsH. 


TABLE 5 


Abs, temperatures, Internal energies, B.t.u. per lb. mixture 


Gas coustants for = deg. fahr. Fuel Products 
= fuel mixture -—mixture— -——mixture — 

e2 MS aS wea wa as 
56 8 82 jm R GS Mr “Ts i is in’ is is 
33 6 0.744 100 0.186 0.1705 0.1009 2.285 53.24 660 1296 4238 2669 115.0 230.9 229.5 903.1 519.5 
34 6 0.893 120 0.199 0.1706 0.0931 2.432 53.37 660 1300 4060 2516 114.9 231.4 230.2 851.5 482.8 
35 6 1.042 140 0.217 0.1706 0.0864 2.556 53.37 660 1302 3895 2382 114.7 231.2 229.8 805.3 451.4 
36 7 0.744 100 0.156 0.1706 0.0980 2.340 53.31 ™ 660 1371 4333 2625 115.1 244.7 244.3 928.5 509.5 
37 7 0.893 120 0.167 0.1707 0.0905 2.486 53.43 % 660 1375 4154 2473 114.9 245.2 244.7 875.8 473.3 
38 7 1.042 140 0.181 0.1708 0.0838 2.607 53.43 4 660 1377 3988 2340 114.8 245.1 244.2 828.8 442.4 
39 8 0.744 100 0.134 0.1708 0.0959 2.378 53.37 — 660 1440 4413 2585 115.1 257.8 257.9 950.0 500.4 
40 8 0.893 120 0.146 0.1709 0.0887 2.520 53.48 % 660 1445 4230 2431 115.0 258.8 258.3 895.9 464.1 
41 8 1.042 140 0.159 0.1709 0.0819 2.641 53.49 H 660 1448 4068 2303 114.8 258.8 258.7 849.4 434.4 
42 9 0.744 100 0.120 0.1709 0.0942 2.416 53.42 660 1506 4478 2545 115.2 270.5 270.1 967.6 491.6 
42 9 0.803 120 0.128 0.1710 0.0870 2.556 53.51 660 1509 4301 2398 115.0 270.8 271.5 914.6 456.8 
4 9 1.042 140 0.138 0.1710 0.0805 2.672 53.51 660 1512 4133 2267 114.9 270.5 271.0 867.2 426.6 


' Lower heating value = 98 B.t.u. per cu. ft. or 1300 B.t.u. per Ib. 
Composition by volume 28 per cent CO, 3 per cent Hz, 10 per cent CO:, 59 per cent No. 
Canvgosition by weight 27.2 per cent CO, 0.2 per cent Hz, 15.2 per cent CO:, 57.4 per cent No. 


CALCULATED RESULTS FOR IDEAL OTTO ENGINE, BLAST-FURNACE GAS! AS FU 


Efficiencies, 
a <g; per cent 
> mg, 
Baie 
4 = = 
= g 
eso Sec rs) c 
Ss 426 ° 
gs 
eo. 
Worki Os 
257.8 930 27.72 25.91 
241.2 852 28.31 26.50 
228.0 788 28.93 27.08 
207.6 704 29.49 27.61 
191.8 635 30.20 28.24 
332.7 998 33.33 31.09 
308.2 903 34.13 31.94 
292.0 840 34.76 32.44 
267.4 754 35.47 33.18 
245.5 676 36.32 33.94 
387.6 1037 37.38 34.92 
361.5 947 38.17 35.72 
338.4 870 38.89 36.38 
310.5 780 39.80 37.18 
286.4 705 40.62 38.03 
430.3 1060 40.60 37.9 
400.7 968 41.39 38.71 
375.5 890 42.19 39.44 
345.0 800 43.12 40.35 
317.3 722 43.94 41.15 
AS FUEL 
Efficiencies 
2 per cent 
ms 
= 
2 
33; 5 
< 
ae 
— 
= 
Worki 
260.7 968.7 26.91 25.81 
193.4 660.0 29.31 28.15 
339.5 1036.4 32.75 31.43 
298.8 874.8 34.15 32.76 
394.6 1072.5 36.79 35.23 
346.4 904.9 38.28 36.76 
293.5 734.0 39.99 38. 37 
438.4 1100.0 39.86 38.19 
384.5 928.0 41.44 39.73 
472.8 1114.6 42.42 40.69 
418.2 950.5 44.00 42.25 
349.7 761.6 45.91 44.04 
EL 
s v> Efficienc 
& per cent 
ae Fes 
365 
~~ 
sth 
Zz Ss 
Worki 
267.8 673.6 39.75 39 15 
252.1 621.3 40.57 40 00 
237.4 575.5 41.26 40 64 
289.4 684.2 42.29 41.65 
272.2 631.1 43.14 42.49 
256.1 584.7 43.81 43.15 
306.9 692.1 44.34 43.67 
287.9 637.6 45.16 44.45 
271.1 590.7 45.89 45.20 
320.7 697.5 45.98 45.30 
302.0 643.1 46.96 46 Lo 
285.0 596.2 47.80 47.05 


Higher heating value = 99.5 B.t.u. per cu. ft. or 1318 B.t.u. per Ib. 


i 
1 


same percentage of air. For the gasoline and “90 per cent benzol’”’ 
the curves are almost identical when taken for the same weight 
of air per pound of fuel and for the same compression ratio. In 
all cases the efficiency is increased by a high compression ratio 
and a high percentage of air. 

The ideal cycle efficiencies are drawn for both the higher and 
lower heating values of the fuel because sometimes one and some- 
times the other is needed, for the present at least, when used as 
the proper standard with which the thermal efficiency of an 
actual engine may be compared. The engineer knows that he 
cannot build an internal-combustion engine that does not waste 
some energy to the water jacket, some to mechanical and fluid 
friction, and sometimes an excessive amount to the exhaust. 

The term fluid friction refers to the resistances that must be over- 

come in getting the working substance in and out of the cylinder.) 
Naturally the designer and owner of an engine desire to know 
to what degree they have succeeded in eliminating these com- 
bined losses. The only way to do this is to determine the ratio 
that is now called by the A.S.M.E. Test Code on Definitions and 
Values the “engine efficiency.’’ This term seems to be an ex- 
cellent one because it represents a ratio that tells exactly how well 
the actual engine succeeds in converting the available energy 
of the fuel into useful work at the brake. This available energy, 
as previously explained, can never be based logically on any- 
thing but the lower heating value for the internal-combustion 
motor. However, both the ideal and actual engine may be ar- 
bitrarily charged with the higher heating value by any engineer 
who desires to base his thermal efficiency upon it. Consequently 
the two heating values may be involved in expressing engine 
performance, and there result the following equations: 


Engine efficiency 


Brake thermal effy. of actual] engine based on L.H.V. 


—.,[32a] 
Ideal cycle efficiency based on L.H.V. 
_ Brake thermal effy. of actual engine based on H.H.V. [320] 
Ideal cycle efficiency based on H.H.V. 
Fuel required by ideal engine, Ib. per hp-hr, [32¢] 


Fuel used by actual engine, Ib. per b.hp-hr. 


As an illustration of the application of these equations, consider 
the following typical example: 

Assume an Otto engine with a compression ratio of 5, using 
0.5 lb. of gasoline per b.hp-hr., and 10 per cent more air than that 
required for complete combustion of the fuel. Consider the 
two heating values of the fuel to be as given at the bottom of 
Table 3. From this table it may be seen that case No. 12 
fulfils the required conditions, and that the efficiencies of the 
ideal engine are 38.2 and 35.7 per cent for the lower and higher 
heating values, respectively. Then from Equation [32a], 


2545/(0.5 X 18,830) — 0.27 


Engine effy. = 0 382 ‘oa 0.708 
also from Equation [326], 
2545/(0.5 X 20,1 0.253 
Engine effy. = oe = = 0.708 


0.357 ~ 0.357 


This same result will also be obtained by using Equation 
[32c], but it can not be found in quite such a direct manner. 
Thus for case 12, Table 3, it is observed that the net work per 
pound of mixture is 361.5 B.t.u. and this mixture is made up of 
16.7 lb, of air and 2.18 lb. of residual gases per pound of fuel. 
Consequently the net work per pound of fuel in the ideal engine 
would be 


361.5(16.7 + 2.18 + 1) = 7190 B.t.u. 


OIL AND GAS POWER SECTION 


Hence the fuel required by such an engine would be 


2545 


ir 0.354 Ib. per hp-hr. 


Then from Equation [32c], 


Engine efficiency = — = 0.708 
0.5 


It should be particularly noted that each of the three results 
for the engine efficiency is the same regardless of which heating 
value is chosen as the base on which the thermal efficiency is 
calculated, an important point for this method of measuring 
performance. 

This measure of the performance of an interna!-combustion 
engine is, in the opinion of the authors, one of the best to use 
in most of our engineering and public discussions. Why should 
the layman be continuously confronted with highly technical 
terms which he does not understand and which are positively 
misleading to him? He may never understand either thermal 
or engine efficiency, but when either one is presented to him he 
instinctively thinks of how near it is to 100 per cent. Thus 
he thinks that an engine that has a thermal efficiency of 30 
per cent is a very poor example of the mechanical engineer's 


TABLE 6 GAS CONSTANTS FOR COMPRESSION MIXTURE IN 
DIESEL USING PETROLEUM OIL 


Com- Lb. air Per 

Case pression per cent 

No. ratio Ib. fuel air M’ M R 
45 12 20 139 0.2407 0.1720 0.5562 4.100 53.5 
46 12 30 208 0.2406 0.1719 0.3810 4.120 53.5 
47 12 40 278 0.2405 0.1719 0.2817 4.136 53.4 
48 12 60 417 0.2404 0.1718 0.1891 4.144 53.4 
49 12 80 555 0.2403 0.1718 0.1418 4.152 53.3 
50 12 100 695 0.2403 0.1718 0.1133 4.153 53.3 
51 13 20 139 0.2407 0.1720 0.5222 4.105 53.5 
52 13 40 278 0.2405 0.1719 0.2610 4.138 53.4 
53 13 60 417 0.2404 0.1719 0.1670 4.147 53.3 
54 13 80 555 0.2403 0.1718 0.1310 4.152 53.3 
55 14 20 139 0.2406 0.1719 0.4828 4.110 53.5 
56 14 40 278 0.2405 0.1719 0.2415 4.141 53.4 
57 14 60 417 0.2404 0.1719 0.1610 4.148 53.3 
538 14 80 555 0.2403 0.1718 0.1212 4.154 53.3 
59 15 20 139 0.2406 0.1719 0.4462 4.113 53.5 
60 15 40 278 0.2405 0.1719 0.2246 4.147 53.4 
61 15 80 555 0.2403 O.1718 0.1128 4.154 53.3 
62 16 20 139 0.2406 0.1719 0.4214 4.116 53.5 
63 16 40 278 0.2405 0.1719 0.2106 4.143 53.4 
64 16 sO 555 0.2403 0.1718 0.1055 4.155 53.3 
65 16 100 695 0.2403 0.1718 0.0842 4.155 53.3 


art, whereas if he is told that the engine efficiency is 75 per cent 
he naturally feels that the machine is a much better one. This 
is especially true if this layman has purchased from the same 
mechanical engineer a water wheel whose only “efficiency”’ 
is given as 85 per cent. As a matter of fact, the portion of the 
available energy that has been utilized by the actual internal- 
combustion motor or water wheel is an excellent measure of per- 
formance for both the engineer and the layman, because it indi- 
cates at once what the possible margin of future improvement 
actually is, while the thermal efficiency does not. In the past, 
the lack of sufficient reliable data regarding variable specific 
heats has been a serious difficulty in the way of obtaining the 
available energy, but now this question seems to be fairly well 
answered. Consequently, is there any good reason why engine 
efficiencies and fuel consumption per brake horsepower-hour 
should not be used as the chief means of expressing the per- 
formance of internal-combustion engines? 

The results of calculations for the Otto cycle using gasoline, 
with 100 and 120 per cent air, have been plotted in Fig. 6 with 
the compression ratios as abscissas. There has also been added 
to these figures the curves which represent the results obtained by 
solving the familiar equation for the efficiency, e = 1 — (1/r)”~! 
where y represents the ratio cp/ce of the specific heats of the 
working substance. Thus if y be taken as 1.4 this equation will 


7 
Pe 
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yield the efficiency curve marked ‘‘cold-air standard,’’ because 
this value of y is only true for air when at the relatively low 
temperature of from about 0 to 400 deg. fahr. Since the average 
temperature in the Otto engine is far above these values, it 
is not surprising to see the curves representing the efficiencies 
based on this value lying far above the more reliable ones in this 
same figure. In this latter group are drawn in heavy lines the 
curves showing the efhciencies 


of the efficiencies for the real-mixture standard with petroleum 
oil are given in Table 8, and also in Fig. 8. These efficiencies 
are higher than for the Otto solely because they have been 
calculated for higher compression ratios and with more air per 
unit weight of fuel than was done for the Otto. A basic advan- 
tage of the Diesel engine over the Otto, as far as thermal econom, 
is concerned, is due to the fact that the former can operate satis- 


\ 


obtained by calculations in- 


volving the variable specific 


ing to that in the actual engine. 


heats of the mixture correspond- _g» | 4 
These curves may therefore, it | 


seems to the authors, very prop- 50 eit 
erly be designated as those based | | 
on the “real-mixture standard.” 


\ 


In Fig. 6 there are also the 4 
curves giving the efficiencies cal- 
culated by the equation, e = 
1 — (1/r)7~!, in which the value 
of y is chosen to give efficiencies 
that agree fairly well with the 
real-mixture standard. This 
simply means determining a suit- | 


able average value of y for the 42 
entire cycle corresponding to 
hot air instead of cold air, and 


40 


| 


Not -Ai r Standard 


Cen+ 


consequently it seems logical to 
the authors to refer to these 
curves as “hot-air standards.” 
It is seen from Fig. 6 that with 
y = 1.295, the resultant curve 
is in fairly close agreement with 
the one representing the real- 
mixture standard based on the 


& 


lower heating value of gasoline 
with a small amount of excess 
air. For the compression ratios 
above 4, a value of y = 1.29 will 
be in better agreement with this 
real-mixture standard for 100 
per cent air. 

When the higher heating value 
of gasoline is used, the curves in 28 
Fig. 6 show that a value of y = 
1.265 or 1.27 would be more suit- 
able. It may be observed that ae 
the shape of the efficiency curve 
for the real-mixture standard is 
slightly different from those of 
the air standards. FAG 

For blast-furnace gas the re- a WAGs 
sults are given in Fig. 7, which oh 
shows the same general char- 


Efficiency , 


| 


acteristics as those discussed for 


gasoline. It will be noticed at 
once that for this fuel the differ- 
ence between the two efficien- 
cies based upon the two heating 
values becomes slight because the amount of hydrogen involved 
in blast-furnace gas isso small. With y = 1.28 the hot-air stand- 
ard is seen to agree very closely with the real-mixture standard 
based on the higher heating value and 100 per cent air, while for 
the same standard on the lower heating value, the agreement is 
close if y is chosen as 1.275. 

For the ideal Diesel engine the results obtained by calculations 


| 
| 


o 
4 Real -Mixture Standard 
Based on Lower Heating —— 
| 0, ve/ve 
, /20 Per Cent Air 
100 Per Cent Air. 


| 
With Average Ya/ve 7 
As Indicated. 


| 4 
Pea/-Mixture Standard 
Based on Higher Heating 

Va/ue 


| PerCent dir ____| 
| Par Cent dir 


| 
6 


4 5 


Compression Ratio 


Fic. 6 Errect oF DIFFERENT STANDARDS ON THE EFFICIENCIES OF THE IpEAL Orto ENGI\ 


Usine GASOLINE 


factorily with very much higher compression ratios and a higher 
air-to-fuel ratio than the latter. The Diesel engine so seldom 
operates without considerable excess air that it was not consid- 
ered worth while to calculate the ideal efficiencies for less than 
20 pounds of air per pound of fuel, or in other words, for about 
40 per cent excess air. On the other hand, when the Diese! '!s 
running at very light loads the air-fuel ratio is extremely high 
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number 


60 
61 
62 
63 
o4 


65 


‘ Composition by weight, 86 per cent C, 13 percent 


Compression Ratio 


Errect oF DirFERENT STANDARDS ON THE EFFICIENCIES 
oF THE IpEAL Orro Enotne Ustne Buiast-Furnace Gas 


TABLE 7 


Lb. air per Per cent 


Ib. fuel 


Go tototetctets * Compression ratio 


13 


Lb. air per Ib. fuel 


Per cent air 


air 


residual 


Lb. 


M’ Mo’ M Mo Bo(10)5 c(10)* Co(10)* 
(T > 2900) (T < 2900) (T > 2900) (T < 2900) (T >2900) (T < 2900) (T>2900;) (7T<2900) R 
0. 2620 0.2448 0.1938 0.1766 0.0592 1.255 4.680 2 621 53.1 
0.2552 0.2435 0.1869 0.1752 0.0393 0.8423 4.521 3.135 53.1 
0.2517 0.2429 0.1833 0.1745 0.0297 0.6363 4.430 3.380 53.2 
0.2478 0.2419 0.1794 0.1735 0.0198 0.4284 4.341 3.642 53 2 
0.2459 0.2415 0.1774 0.1730 0.0149 0.3219 4.301 3.771 53.3 
0.2448 0.2412 0.1763 0.1727 0.0120 0.2582 4.276 3.850 53.3 
TABLE 8 CALCULATED RESULTS FOR IDEAL DIESEL ENGINE USING PETROLEUM OIL! 
Compression Products 
mixture ——mixture———. 
Abs. temperatures, ic ee tes Efficiencies, 
deg. fahr. £5 & ‘3 56 per cent 
s 3 2c eee os Bes = 
Ti T2 Ts Ts hy’ hs Vs/V2 Vs/Vas wi/we Works Qi ei’ 
660 1730 4404 2949 114.0 423.9 446.3 1276.3 597.9 2.630 4.513 0.9545 382.6 830 46.10 43.19 
660 1731 3669 2181 114.0 424.0 439.5 1002.0 412.9 2.160 5.504 0.9692 288.6 563 51.25 48.01 
660 1733 3249 1787 114.0 424.6 436.4 861.4 329.8 1.900 6.268 0.9767 228.2 425 53.70 50.31 
660 1738 2793 1392 113.9 425.5 432.8 718.8 248.9 1.620 7.357 0.9843 163.2 286 57.06 53.46 
660 1738 2546 1198 113.9 425.5 430.5 645.9 211.8 1.472 8.111 0.9882 126.2 215.5 58.57 54.87 
660 1739 2389 1082 113.8 425.5 428.7 601.2 190.1 1.380 8.661 0.9906 102.4 172.5 59.35 55.60 
660 1781 4456 2908 114.0 436.6 460.7 1294.7 588.2 2.580 4.974 0.9543 398.8 834 47.81 44.79 
660 1787 3301 1762 114.0 438.3 450.2 877.2 24.9 1.877 6.888 0.9766 235.6 427 55.17 51.69 
660 1792 2848 1375 113.9 439.2 441.9 734.3 245.9 1.600 8.069 0.9843 168.2 287.5 58.51 54.82 
660 1795 2603 1188 113.9 440.2 445.5 661.8 210.0 1.457 8.870 0.9881 129.4 216.2 59.85 56.07 
660 1835 4501 2864 114.0 451.3 475.0 1311.0 578.0 2.535 5.465 0.9542 411.2 836 49.19 46.08 
660 1840 3351 1739 114.0 451.5 464.3 892.3 320.3 1.850 7.523 0.9765 242.3 428 56.61 53.04 
660 1844 2900 1361 113.9 452.7 460.9 749.1 243.3 1.590 8.777 0.9842 172.3 288.3 59.77 56.00 
660 1845 2655 1177 113.9 453.4 458.9 675.9 207.9 1.447 9.639 0.9881 132.5 217 61.06 57.20 
660 1878 4539 2825 114.0 461.9 486.9 1324.8 568.7 2.500 5.939 0.9541 424.2 838 50.62 47.42 
660 1888 3400 1719 114.0 463.7 476.9 906.9 316.6 1.825 8.156 0.9764 248.8 430 7.87 54.22 
660 1902 2707 1168 113.9 466.7 472.4 690.4 206.4 1.435 10.429 0.9881 135.5 218 52.16 58.23 
660 1923 4582 2791 114.0 473.0 500.4 1340.4 560.9 2.470 6.422 0.9540 437.0 840 52.03 48.74 
660 1932 3441 1699 113.9 474.3 488.0 919.5 312.6 1.815 8.793 0.9764 255.0 432 59.03 55.30 
660 1941 2748 1157 113.9 477.3 483.2 701.7 204.4 1.420 11.184 0.9880 138.3 218.5 63.28 59.28 
660 1943 2596 1054 113.8 477.8 482.5 657.5 184.9 1.345 11.865 0.9904 112.1 175 64.03 59.99 
H, 1 per cent N; lower heating value = 18,250 B.t.u. per Ib., higher heating value = 19,480 B.t.u_per Ib. 


gas per 


Ib. fuel 


94 


and the calculations were, therefore, carried to 100 pounds of 
air per pound of fuel, which corresponds to nearly seven times as 
much air as is required for complete combustion. 

In the Diesel, for any given compression ratio a large propor- 
tion of air to fuel simply means early cut-off of the fuel injection 
and consequently a greater expansion of the products of combus- 
tion. This greater expansion is the primary reason for the 
marked increase in the ideal cycle efficiency shown in Fig. 8, as 
the air-fuel ratio becomes larger. A secondary reason is that 
with the greater weights of air used per unit weight of fuel the 


44 > Results Based on Lower 
Heating Value 


Erriciency oF Diese, ENGINE Usine OIL 


GAS CONSTANTS FOR EXPANSION MIXTURE IN DIESEL USING PETROLEUM OIL 


| 
4 | 6 
+ —+ - + + + + + + 4 ; > 
Based on Lower Heating | « ‘ 
44 + Vo/ve + + 7 
29 Air | 57F + 4 4—i } > _ 
| | | | | | 
ea art i 
Compressio Ratio 
20 13 
30 20 a 
40 27 Ve 
60 41 
80 55 
100 69 cay 
th: 
45 20 139 A 
16 30 «208 
47 40 278 
is 60 417 
19 80 555 
oO 100 695 d 
51 20 139 
3 13 60 417 
4 #13 80 555 
55 14 20 139 
5614 40 278 
14 60 417 
583 14 80 555 
59 15 20 139 
15 40 278 
15 80 555 
16 20 139 
16 40 278 Ps 
16 80 555 
16 #100 695 
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higher will be the average value of y during the expansion, and 
consequently the smaller becomes the temperature 7, for a given 
expansion ratio, just as in the Otto. Of course it is desirable to 
have 7’, as low as possible in order to reduce the energy lost to the 
exhaust. 

It was not considered worth while to plot the results for the 
Diesel in any form other than that given in Fig. 8 because it is 
believed this will be found to be the most convenient arrange- 
ment for general use. The performance test of a Diesel engine 
should give the specific fuel consumption and the corresponding 
air-fuel ratio. The compression ratio is known for any given 
engine, consequently the engine efficiency may be 


The assumptions regarding the ideal cycles for the two sets of 
calculations are not alike with regard to air deficiency, dissocia- 
tion, initial temperature, and the amount of residual gases. 
Also, for the Diesel, Goodenough and Baker have considered the 
fuel to be completely vaporized before entering the cylinder, while 
the authors have assumed the fuel to be injected as a liquid. 

From Fig. 9 it may be seen that the difference in the efficiencies 
obtained from the two sets of calculations for the Otto varies 
from about 1.5 to 2 per cent, for the case in which the air used 
is 100 per cent of that necessary to support combustion. The 
difference becomes less and less as the air-fuel ratio is increase 


readily found by the aid of Fig. 8 and Equation 
[32]. 


46 
MEAN EFFECTIVE PRESSURES 


If it be desired to determine the mean effective 


pressure of the ideal Otto or Diesel engine for any a4 
of the 65 cases calculated, it may be readily done 


in the following manner. From the appropriate (e 
table of calculated results read the net work Work; 42 “PYS< we 
accomplished by the ideal engine in B.t.u. per ' 
pound of product mixture. Then the piston dis- 
placement, P.D., necessary to handle this pound £ 
of product mixture depends upon the constant © | 
R, for the compression mixture, the initial pres- + 
sure p:, the initial absolute temperature 7), the a | 
ratio of compression r, and the weight of com- | 
pression mixture w; required for each pound of 236 + 
product mixture. Referring to Fig. 2, it follows ¢ 
that the piston displacement in cubic feet required © 
per pound of product mixture is v 34 | 
P.D. = V, V2 = V2 = | 
| 
144p, r 
| 
Consequently the mean effective pressure of the 
ideal engine in pounds per square inch is "4 | | 
_ 778 Work; 778 X Worki(p:) | 
wR, 1—- } 
T | 
3 4 5 © 


In this equation the value of p; should be chosen 
to agree with the atmospheric pressure at the time 
and place at which the actual engine is being tested, 
and 7, should equal the assumed value for the 
ideal cycle calculations. Under these conditions the engine 
efficiency is also equal to the ratio of the brake m.e.p. of the 
actual engine to that of the corresponding ideal. 


CoMPARISON WITH RESULTS OF GOODENOUGH AND BAKER 


After the calculations given in this paper for the ideal Otto 
and Diesel cycles had been almost completed, there became 
available the valuable bulletin® by Goodenough and Baker, 
entitled ‘A Thermodynamic Analysis of Internal-Combustion- 
Engine Cycles.” Since this bulletin deals largely with the 
same questions that are treated in this paper, and since the same 
specific-heat equations are used in both cases, a brief discussion 
of the main points of difference in the conceptions of the ideal 
cycles and in the results obtained from the calculations will be 
given. 


§ Bulletin No. 160, University of Illinois, 1927. 
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Fie. 9 ComparATIVE RESULTS FOR THE ENGINE Usin@ GaAsoLiIne (Lower 


HEATING VALUE) 


until it is negligibly small at 150 per cent air, as shown by the two 
upper curves. For cases involving a deficiency of air the com- 
parison cannot be made because this paper does not include 
them for reasons already given. 

In Fig. 9 there is also shown by the broken line the curve of 
efficiencies obtained by using the equation e = 1— (1/r)¥~! where 
y is taken as equal to 1.296. This represents the equation pro- 
posed by Tizard and Pye’ to replace the old air standard. !t 
also represents their results of calculations of the ideal Otto- 
cycle efficiency in which the mixture has 25 per cent more air 
than is necessary for complete combustion, this being the mix- 
ture that usually gives the maximum thermal efficiency of an 
actual engine. According to their calculations the same result 
is obtained for this mixture regardless of whether dissociation |s 
considered in the ideal cycle. 


7 See The Automobile Engineer, Feb., 1921, p. 58. 
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Fie. 10 85-Per Cent Loap CurvEs oF MARINE Orro ENGINE 
(Universal; 4 cylinders, 3'/4 in. * 4'/: in.; compression ratio, 5; fuel, 
gasoline; speed, 1120 r.p.m. Data from student tests in Mechanical 
Laboratory, Cornell University.) 

The results as given in Fig. 8 for the Diesel cannot be com- 
pared strictly with those of Goodenough and Baker because they 
used a different fuel. However, this would not account for nearly 
all the difference in the efficiencies, which amounts to about one 
per cent with 40 Ib. of air per lb. of fuel, and becomes appreciably 
larger for the lower ratios of air to fuel, probably largely because 
the effect of dissociation is then so much greater. Possibly 
some of the difference is also due to the fact that they considered 
the fuel injected as a vapor instead of a liquid. 

In this comparison it should also be pointed out that in this 
paper all results have been calculated on the assumption that 
the temperature of the mixture in the ideal engine at the be- 
ginning of compression is 200 deg. fahr., or in other words, 7) 

660. It is realized that, strictly speaking, this temperature 
should be based on the compression ratio, the air-fuel ratio, and 
the temperature of the mixture entering the cylinder of the 
actual engine. All these factors make it difficult to select a suit- 
able constant value of 7, or to derive a logical equation for 
finding it. Goodenough and Baker have attempted the latter, 
and probably their value of 7 is somewhat superior to the one 
used in this paper. However, from calculations made by the 
authors, it was found that a variation of 100 degrees in 7; would 
cause @ difference in the efficiency of only about 0.5 per cent, and 
this amount of variation in 7, for the two sets of calculations 
Was not approached in the Otto and exceeded slightly in the 
Diesel only at the very high compression ratios. Consequently 
it may be concluded that the selection of 7; is not one of the 
most important factors in the calculations. 


OIL AND GAS POWER SECTION ll 


For actual engines operating with a deficiency of air there is 
involved the interesting technical question of what constitutes 
the mixture in the ideal engine on which to base the engine effi- 
ciency. Goodenough and Baker have considered the ideal engine 
for this case to use a mixture in which there is a deficiency of air, 
but at the same time the heat supplied is assumed to be that 
corresponding to complete combustion. This conception re- 
sults in a low efficiency for the ideal engine and a correspondingly 
high value for the engine efficiency. On the other hand, the 
authors believe, for reasons given in the first part of this paper, 
that engines running under these conditions should be compared 
with an ideal that has sufficient air to support complete combus- 
tion. Here is an important technical point about which there 
may be considerable difference of opinion among engineers. 
This question does not come up for the Diesel because it seldom, 
if ever, operates with a deficiency of air. 

Goodenough and Baker, also Tizard and Pye, gave no results 
based on the higher heating value and the authors of this paper 
would do likewise if they considered only their own preference. 
Even though the A.S.M.E. specifies in its present test codes that 
the higher heating value should be used in determining the ther- 
mal efficiencies of internal-combustion motors, such a procedure 
is not altogether logical, in the opinion of many members, and to 
the authors this question seems to be one worthy of further con- 
sideration by the Society. 


PERFORMANCE OF MopERN ENGINES 


Probably most engineers in the past have not fully appreciated 
how important it is to determine the air-fuel ratio when making 
a thermal-economy test of an internal-combustion engine, or 
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Fig. 11 Furt-Loap Curves or AvTOMOBILE ENGINE 
(Willys Knight; 4 cylinders, 4'/s in. X 4/2 in.; compression ratio, 4.4; 
fuel, gasoline; speed, 1000 r.p.m. Data from Bulletin 11, Purdue Engi- 
neering Experiment Station.) 
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perhaps in many instances the extra cost involved in making the 
more complete test has prevented it. In any case, in looking 
over the literature one has considerable difficulty in finding data 
including this important ratio. 

The five sets of test results that are presented in graphical 
form in Figs. 10 to 14, inclusive, will serve to show the application 
of the ideal cycle efficiencies to determine the engine efficiencies 
under the various conditions as given. The test data were ob- 
tained from the sources indicated in the captions, and the engine 
efficiency has been calculated by using Equation [32]. 

In Figs. 10 and 11 are shown the performance curves of two 
small Otto engines running at constant speed, but with wide 
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Fic. 12 PERFORMANCE CuRVES OF 185-Hp. AIRPLANE ENGINE 


{Bavarian Motor Works; 6 cylinders, 5.90 in. X 7.09 in.; compression 
ratio, 6.7; fuel, gasoline. Test data from Report 135, U nited States Na- 
tional Advisory Committee for Aeronautics (1922). i 


variations in air-fuel ratio, which are therefore plotted as abscissas. 
It is interesting to note from both of these figures how much more 
sensitive to a change in this mixture ratio are the engine and ther- 
mal efficiencies than is the power output. Thus in Fig. 10 the 
maximum power is seen to be 14.1 hp. for a mixture of 13 to 1, 
and the power is decreased only to 13 hp. for a mixture of 17 to 1, 
or this change in the air-fuel ratio causes a 7.8 per cent loss in 


power. At the same time the engine efficiency rises from 0.49 
to its maximum value of 0.58, an increase of 18.4 per cent, and the 
brake thermal efficiency rises from 0.185 to 0.225, an increase of 
21.6 per cent. The thermal and engine efficiencies do not in- 
crease in exactly the same proportion because the ideal eycl 
efficiency is not constant over this mixture range. 

In both of these figures the curves representing the idea! 
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Fic. 13 PerRFoRMANCE Curves oF 300-Hp. AIRPLANE ENGIN? 


[Maybach; 6 cylinders, 6.5 in. X 7.09 in.; compression ratio, 5.9; fue! 
20 per cent benzol, 80 per cent gasoline. Test data from Report 1/4 
United States National Advisory Committee for Aeronautics (1922).] 


cycle efficiencies and the engine efficiencies are drawn with « 
broken line for those mixture ratios in which there is a deficiency 
of air, because it is desired to call special attention to this region 
concerning which there may be debatable ground as to the proper 
method of procedure. 

The small marine engine whose performance curves are show! 
in Fig. 10 has given these same results on many different runs, 
as everything was under careful control. The motor could not 
be run at full load at this speed without serious detonation !ve- 
cause it was cooled with steam at a temperature of 212 deg. fal. 
This speed used was that which gave its maximum torque in- 
stead of maximum power. 

In Fig. 12 and 13 are shown the results of tests of two airplane 
engines, operated with changes in both speed and mixture ratio 
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Both of these tests were made in the altitude chamber of the 
U.S. Bureau of Standards, because full power was not supposed 
to be developed at sea level with these high compression ratios. 
Hachtone gives exceptionally high thermal and engine efficiencies, 
but this is especially true of the B.M.W. machine, whose maxi- 
mum engine efficiency is, as may be seen from Fig. 12, slightly 
over 76 per cent. 

In Fig. 14 are given the performance curves of a marine 
Diesel over its entire range of speed. These test data were 
obtained by the Marine-Oil-Engine Trials Committee of the 
Institution of Mechanical Engineers after very extensive tests. 
In their report they considered the ideal engine to have a con- 
stant efficiency of 52 per cent, whereas in Fig. 14 the variable 
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hia. 14 PerrorMance Curves oF 1250-Hp. Martne 
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(Kichardsons-Beardmore-Tosi_ Director Valve; 6 cylinders, 4-cycle, 
“4.41 in. X 38.39 in.; compression ratio, 13; fuel, Anglo-Persian Diesel 
oO! Data from Engineering, vol. 118, p. 750.) 


efficiencies of the real mixture standard are shown, and the 
corresponding curve for the engine efficiency was calculated by 
the authors as given in this figure. 

Comparing the results of this marine Diesel test with those 
of the airplane Otto engine as given in Fig. 12, it is seen that the 
maximum thermal efficiency of this Otto engine is slightly better 
than the Diesel and the mechanical efficiency of the Otto is 
far superior. The combination of the lower mechanical effi- 
ciency and the higher cycle efficiency of the Diesel gives it an 
appreciably lower engine efficiency. Considerably better brake 


thermal efficiencies than those given in Fig. 14 are reported in 
Engineering® for both solid- and air-injection types of Diesels. 
These efficiencies are 34 and 36.7 per cent, respectively, for these 
two engines, but the air-fuel ratio and the compression ratio are 
not given, consequently the engine efficiency can not be deter- 
mined. 


GENERAL CONCLUSIONS 


The evidence presented in this paper and in those already 
published by other authors, indicates, to some extent at least, 
the difficulty and complexity of determining accurately the 
amount of energy available for the production of work in an in- 
ternal-combustion motor. It also shows the necessity of making 
a few assumptions which may give rise to some difference of 
opinion among engineers. However, the final results obtained 
by different authors are for most cases in close agreement, and 
they all show very clearly that the “cold-air standard’’ with 
y = 1.4 is too far from the truth to be further considered. 

The results of the calculations of Goodenough and Baker, 
Tizard and Pye, and the authors are in close agreement except 
for those cases involving a deficiency of air, for which there is 
considerable divergence due to the different conceptions of what 
constitutes the mixture in the ideal engine and what is the 
proper method of treating dissociation in it. Considering the 
complexity of the problem, the final results obtained by differ- 
ent authors are, for most cases, in sufficiently close agreement to 
justify the hope that some of them, or a combination of them, 
may be accepted as standards by the A.S.M.E., or that at least 
they will serve to promote additional study and interest in the 
subject. 

For the ideal Otto engine, in which no dissociation and no air 
deficiency are involved, the efficiencies calculated by the authors 
are given in Figs. 3, 4, and 5, for the fuels gasoline, benzol, and 
blast-furnace gas, respectively. For the Diesel using petroleum 
oil the results are shown by Fig. 8. The characteristics of these 
fuels were chosen to represent average values, and the results 
given in these curves may therefore be used for calculating 
actual engine efficiencies. In all of these curves the range 
of the compression ratio is more than sufficient for present 
practice. For all cases the ideal cycle efficiency is increased 
materially by a large air-fuel ratio and a high compression ratio, 
the fuel used being only of secondary importance. Thus for a 
compression ratio of 6 and just the right amount of air to afford 
complete combustion, the Otto gives efficiencies of 0.405, 0.398, 
and 0.397, on the lower heating values, for gasoline, benzol, and 
blast-furnace gas, respectively. 

The efficiencies of the ideal engine are given for both the 
higher and lower heating values of the fuels because both are 
needed as standards at present. By using the same heating 
value for the ideal and actual, the engine efficiency will always 
be independent of individual preference in this matter. This 
advantage combined with the basic conception of the term, makes 
it one of the best measures of performance of an internal-com- 
bustion engine. 
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8 See p. 624, May 9, 1924. 
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Discussion 


LioneEL 8S. Marks.’ The writer is in entire agreement with 
the authors of this paper on the desirability of finding and 
standardizing some method of stating the engine efficiencies of 
internal-combustion engines. With steam engines and turbines 
the engine efficiency or, as we used to call it, the Rankine effi- 
ciency can be determined with no more uncertainty than is 
involved in the comparatively small errors in existing steam 
tables. With internal-combustion engines, however, there are 
several important uncertainties. In order to calculate the ideal 
efficiency, two things are necessary: (1) to define the cycle and 
(2) to know the physical properties of the working substance. 
In defining the cycle it is necessary to know the weight of the 
residual gases in the clearance space so as to be able to determine 
the weight and composition of the substance going through the 
cycle. Unfortunately, any exact knowledge of the weight of 
clearance gases is impossible without a knowledge of the mean 
temperature in the clearance at the beginning of the admission 
stroke. In the absence of such knowledge it is necessary to 
make some assumption, and the authors have assumed two 
temperatures, one at the beginning and one at the end of the 
admission stroke. Neither of these assumptions has any special 
validity. Other calculators in this field have made different 
assumptions. Second, with respect to the physical properties 
of the working substance, it is impossible to regard our present 
knowledge of specific heats at high temperatures as of great 
accuracy. Our knowledge of the chemical equilibrium of CO, 
and H,O in explosive mixtures at the maximum temperature is 
far from satisfactory. With these two uncertainties it is obvious 
that no accurate calculation of ideal cycle efficiency is possible. 

Two other investigations have been made in this field in the 
recent past, and all three sets of investigators have had avail- 
able the same experimental data for the determination of specific 
heats and dissociation. Comparing their results for a com- 
pression ratio of 5 with the Otto cycle, no excess air, and with 
benzine as fuel, their calculated efficiencies vary by 3 per cent 
in absolute efficiency or a variation of 9 per cent in comparative 
values. - An engine which showed 70 per cent engine efficiency 
according to Ellenwood, would show 79 per cent efficiency 
according to Tizard and Pye. And this is not all. Further 
investigations on specific heats and dissociation may quite 
easily yield new values of these quantities which may change 
engine efficiencies as calculated by these three sets of investigators 
by 3 or 6 per cent. In other words, the engine efficiencies cal- 
culated from the cycle efficiencies given in this paper may quite 
easily be from 10 to 15 per cent wrong. 

Under these circumstances it does not seem to the writer that 
the time is ripe for the official adoption by the A.S.M.E. of any 
such set of ideal efficiencies as those calculated in the paper. 
It will always be desirable for those engaged in research in this 
field to calculate engine efficiencies, but it should always be on 
the basis of the best information available at the time. 

An argument might, the writer thinks, be made for the use 
of an air-cycle standard which is different both from the cold- 
air cycle which has been adopted generally up to the present 
time and also from the hot-air standard as defined in this paper. 
The specific heat of air at high temperatures is known more 
accurately than the specific heats of CO, and H,0, and there is 
no dissociation when air only is present. In place of using the 
cold-air standard which has been in general use and which has 
no justification other than the simplicity of the calculations 
involved, an air standard might be adopted which would take 
into account the change of specific heat of air with temperature. 


* Professor of Mechanical Engineering, Harvard University, 
Cambridge, Mass. Mem. A.S.M.E. 


This is something quite different from the hot-air standard of the 
paper. It would be an arbitrary standard that would have the 
advantage of being nearer to the true ideal efficiencies than thi 
customary air cycle and would actually give correct values for 
Diesel engines at the lower limit of power, that is, with no fue! 
injected. For Otto cycles it could not be approached close|, 
because of the non-explosibility of mixtures with a large excess 
of air. 


G. A. GoopENouGuH.” This paper is a welcome contribution, 
If the ‘air standard”’ as a measure of efficiency is to be discarded, 
as it undoubtedly should be, a body of data on the ideal therma| 
efficiencies of internal-combustion motors must be provided 
The paper gives results that supplement the data which have 
already been furnished by Tizard and Pye, and by Goodenoug)h 
and Baker. 

The subject of engine efficiency is admirably covered. A\|| 
that is said in this connection may be endorsed without reserva- 
tion. It seems, however, that the authors have introduced a 
contradiction in their assumption as to the efficiency of an 
engine operating with a deficiency of air. As stated, the engine 
efficiency should indicate the success of the designer and builde: 
in reducing the various losses inherent in the engine. Deficien: 
of air results in a loss of efficiency; but this loss should be charge! 
to the operator, not to the engine. In other words, it seems on! 
fair that the effect of insufficient air should be reflected in tly 
thermal efficiency rather than in the engine efficiency. 

It is gratifying to note that the authors have an opinion relat iy, 
to the use of the high and low heats of combustion. They point 
out that only the low value can enter into Equation [17]; lik: 
wise with Equation [29]. In the calculations that involve cis- 
sociation the heats of combustion of CO and He are also us d, 
and these must invariably be the low values. In no phase of 
the analysis of a cycle can the higher heat of combustion possib|\ 
enter into the calculation. It is only in the final step, th 
determination of the efficiency, that the high value functions 
By an arbitrary edict of the power test codes committee, th 
high value here usurps the place that rightfully and logical! 
belongs to the low value. 

It might be well if the terms “high” and “‘low’’ were replaced 
by “gross’’ and “net,’’ which are used by some of the English 
authorities. 

The discrepancies between the tabulated efficiencies and those 
given by Goodenough and Baker are noted. They are due, o! 
course, to the different systems of analysis and to slight differ- 
ences in the basic assumptions. The Goodenough and Baker 
analysis took account of dissociation, and as a result the efficienc) 
values are somewhat lower under certain conditions. But lesav- 
ing out the effect of dissociation, there remains a small disere}) 
ancy that needs explanation. A close examination of |! 
results given in Tables 3 and 8 of the paper discloses two reasvns 
why the E. E. and C. values should be higher than the Goocle- 
nough and Baker values. These are: (1) the amount of residisi 
gas carried in the charge; and (2) the interpretation of L.11.\ 
in Equations [17] and [29]. 

The authors say that the residual gas cannot be calculated 
accurately, hence they make the convenient assumption that 
this gas fills one-half the clearance volume under certain (on- 
ditions. With this assumption they find in case 11 the weigh! 
of residual to be 1.96 lb. per Ib. of fuel. In the same case Govile- 
nough and Baker find 0.535 lb., or less than one-third as much 
Perhaps an accurate calculation is not possible, but even a rovigh 
estimate favors the smailer figure. 

In Table 3, case 11, the gas constant of the fuel mixture 's 


10 Professor of Thermodynamics, University of Illinois, Urbana, 
Ill. Mem. A.S.M.E. 
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given as 51.57, and a rough calculation shows that the constant 
for the mixture of products is about 54. Taking 51.6 and 54, 
and the values of 7; and 7, given in Table 3, the pressure at 
point 4 is found to be 


54 3521 
Ps = 14.7 X 516 xX —" 82.3 lb. per sq. in. 


In the first phase of the exhaust the pressure drops from 82.3 Ib. 
to 14.7 Ib. simply because the greater part of the cylinder con- 
tents has passed out. The temperature of the part going out 
is somewhat reduced on account of throttling, but this reduction 
does not extend to the part remaining in the cylinder, which, 
under the ideal conditions assumed, remains practically at a 
temperature of 3521 deg. The slight drop in temperature due 
to work of expansion is negligible. The fraction that remains 
in the cylinder is therefore 14.7/82.3. In the second phase of 
the exhaust, the piston pushes out of the cylinder ‘4/; of this 
amount. The total amount of charge (per pound of fuel) at 
point 3 is 1 + 15.2 + M = 16.2 + M, where M denotes the 
weight of the residual. There remains in the cylinder at the 
end of the exhaust stroke 


14.7 
—- X — {16.2 + M] = 0.0357 (16.2 + V) 
5 82.3 
Hence M = 0.0357 (16.2 + M) 
or M = 0.604 lb. 
This result is for 7, = 660; Goodenough and Baker obtain 


M = 0.535 with 7, = 638. 

Has the amount of residual any effect on the efficiency? To 
answer this question, the efficiency for this case was recalculated: 
(1) with the residual found by Goodenough and Baker; (2) with 
the residual given by Table 3. Dissociation was neglected in 
both cases. The results, along with those already given, are 
as follows: 

Efficiency, 


T3 Ts per cent 
EK. FE. and C. 660 1124 5116 3521 37.38 
Residual 0.54 lb., 
no dissociation 638 1081 5363 3740 37.18 
Residual 1.96 Ib., 
no dissociation 63S 10S1 5106 3516 37.60 
G. and B., with dis- 
sociation 635 1051 5053 3736 35.97 


The efficiency is thus increased about 0.4 per cent by taking 
the increased residual. 

It may be conceded that the assumption of E. E. and C. 
agrees fairly well with the conditions in the actual engine. But 
it appears hardly logical to assume ideal conditions for three 
of the phases of the cycle and then abandon the ideal for the 
real in the fourth phase. 

A second reason for the discrepancy lies in a difference of the 
interpretation of the combustion process 2-3 in the two cycles; 
this process involves the heat of combustion of the fuels. Let 
the authors’ L.H.V. be denoted simply by L; then L, denotes 
heat of combustion at constant volume, and L, that at con- 
Stant pressure. By the definition of heat of combustion, 


L 


total internal energy of factors — total internal energy of 
products. 
total enthalpy of factors — total enthalpy of products. 


The restriction is imposed that the final temperature of the prod- 
ucts shall be the same as the initial temperature of the factors. 
The fuel factor may be taken as 1 Ib.; then L. and Ly are heats 
of combustion per pound. From the preceding definitions, L, 
and L, depend upon the temperature at which the process is 
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conducted; the LZ, for JT = 1500 may be, and generally is, quite 
different from the L, for T = 500. 
The total internal energy of a gas mixture (denoted by J’) is 


in which J denotes the thermal energy as given by Equation 
[10], and J» denotes the energy the mixture would have at abso- 
lute zero; in reality the chemical energy. Consider now the 
process 2-3 of the Otto cycle. No work is done, and the process 
is assumed to be adiabatic; hence 


I’; =I’; 


Let subscripts m and p be used to denote the initial and products 
mixture, respectively; and subscripts 2 and 3 to denote states 
2and3. Then the preceding equation becomes 


+ Tous leo + Isp 


The difference Ign — Ion = Lo, the heat of combustion at 
absolute zero; hence 


Isp = + Lo 
or in the notation of Equation [17], 
iz = 12 + 


If the authors had used this formula, they would have been 
saved the calculation of the i’: values. However, taking Equa- 
tion [17], what particular value of L.H.V. is implied? The 
equation 

om Is 


may be changed to 


— = - 


= Isp Top 


The first member is Z,2, the heat of combustion at temperature 
T:, and the second member is the difference which was used in 
Equation [17]. Hence the L.H.V. in Equation [17] should 
properly be the heat of combustion at temperature 72, and this 
will vary with 7;. From an examination of Table 3, it appears 
that the authors have used throughout the constant value 
L.» = 18,830. The effect, however, is almost negligible except 
at the highest values of T.. For example, in case 18 the value 
of 7; becomes 1119.0 instead of 1117.2. 

The Diesel cycle presents a different picture. The relations 
are somewhat more complicated because the fuel and compressed 
charge are kept separated up to the state 2. Let the subscript 
a refer to the mixture of air and residual gas that is compressed 
from state 1 to state 2. The energy equation for the adiabatic 
process 2-3 is (taking 1 lb. of oil) . 

Work »-; = energy of gas a in state 2 + energy of oil—energy 

of products in state 3 
or 


Ap (V3— V2) = Toa + Laz + to(oity + — Lop 
If the work of injection is included, the effect is to change 7(0i1) 
toh). But 
Taz + ApV2 = Haz Ips + ApsVs = Hys 
and Toa + to(oiu) — Lop = Lo 
The equation becomes, therefore, 
Lo + + Haz = Hos 


Here, again, a constant is added to H2, the enthalpy of the initial 
mixture, not to the enthalpy of the products mixture. The 
calculation of h’: is quite superfluous. The symbol Ai) stands 
for the enthalpy of the oil at the temperature it has when injected. 
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Not knowing the characteristics of petroleum oil, we assume 
that they follow somewhat closely those of kerosene. 

For the latter fuel, Goodenough and Felbeck’s figures show 
that the sum Lo + Aci) is about 1.2 per cent greater than the 
value of L, at ordinary temperature. Hence, we assume for 
petroleum oil Lo + Agi) = 18,250 XK 1.012 = 18,470 B.t.u. 
per lb. 

With this value of the constant, and with other data from 
Table 8, the following results are obtained. 


Case 45 52 57 61 65 

hs (revised) = 1244.3 860.1 737.2 682.5 650.3 
hs (Table 8) = 1276.3 877.2 749.1 690.4 657.5 
Difference, per cent 2.6 2.0 1.6 fe we 


The effect, of course, of a larger value of h; is a higher tempera- 
ture 7’; and larger volume V;. The area of the ideal indicator 
diagram is thereby increased, and with it the efficiency. 

Taking no account of dissociation, it appears that the E. E. 
and C. values for ideal efficiency will be higher than the Goode- 
nough and Baker values for both Otto and Diesel cyeles. In 
the case of the Otto cycles, the reason lies chiefly in the differ- 
ence between the amount of residual gas assumed. In the case 
of the Diesel cycle this factor has slight effect and the discrepancy 
lies chiefly in the difference between the two interpretations of 
the combustion process 2-3. 

The effect of dissociation is easily explained. Referring to 
Table 2 of Bulletin No. 160, case No. 9 shows at the point 4, 
x, = 0.9756, ys = 0.995. This means that unburned CO and 
H: are present in the exhaust. From the data on p. 34 of the 
bulletin it is found that the chemical energy thus thrown away 
is 1.3 per cent of the chemical energy of the gasoline. From the 
calculation previously shown, 7, with dissociation is 3736 deg. 
and without dissociation is 3740 deg. The thermal energy 
I, is nearly the same in the two cases. If it were exactly the 
same, the difference in efficiency would be precisely 1.31 per 
cent. Actually it is 1.21 per cent. The decrease of efficiency 
due to dissociation becomes significant when the end tempera- 
ture 7’, is higher than 3300 or 3400 so that an appreciable amount 
of unburned gas is thrown into the exhaust. With 100 per cent 
or more air, 7’, will be high (1) when the air supply is a mini- 
mum, and (2) when the volume ratio r is small. Inspection of 
Fig. 9 shows that these are the conditions that give the greatest 
discrepancies between the two sets of curves. 


Joun B. Baker.'! The objection to the air standard is that 
it is a standard impossible to attain. In establishing a new 
standard we must make sure that our standard is not working 
a hardship on the engitie being compared. It would appear that 
assumption e of the authors imposes a condition which has no 
physical significance. Why should we compare an engine which 
is running on an air deficiency with an ideal which specifies the 
theoretical amount of air necessary for complete combustion? 
If we are comparing an engine with deficient air to such a stand- 
ard there seems to be no justification for changing our standard 
when an excess of air is used. If a steam engine is supplied 
with steam with a quality of 95 per cent we do not charge the 
engine with the heat which the steam might have had had it 
been saturated. 

In the publication of Goodenough and Baker on the same sub- 
ject the method of analysis was extended to the case of in- 
sufficient air. This analysis considers the dissociation of the 
products of combustion. It is true that with a large excess of 
air the maximum temperatures reached are lower and the con- 
sequent dissociation is negligible. With less air, however, this 
phenomenon of dissociation becomes the dominating factor. 
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With insufficient air for complete combustion we can conceive 
of the dissociation of the primary products of combustion unt)! 
equilibrium is attained between CO, COs, Ho, and H,O. It may 
be true that the primary products are not CO, and H,O, but at 
any rate the equilibrium is attained. 

In this analysis the heat of combustion for the complete com- 
bustion of the fuel enters, but a considerable portion of this heat 
is used to form the large quantities of CO and H, present. This 
appears in Equation [21] of the reference quoted. The actua! 
heat supplied is not then the heat value for complete combustion 
as inferred in the present paper. 


E. A. Autcur." A number of attempts have been made tv 
establish a standard cycle for the internal-combustion engine tv 
occupy a position similar to that held for many years by thi 
Rankine cycle in steam-engine practice. The old “air cycl; 
is defective as an ideal because it neither takes into accoun! 
variations in specific heat, which become serious at high tem- 
peratures, nor changes in the composition of the working flui! 
which take place during the cycle. With so many variable fac- 
tors many tables must necessarily be prepared, as in the presen! 
paper, and the labor involved in computing them is grea! 
Such labor, moreover, is wasted to some extent, unless the tab |es 
and curves come into reasonably general use, and it would seem 
that the present state of knowledge in this subject is sufficient) 
accurate to permit the compilation of a series of tables and curves 
similar to the steam tables, so that efficiency ratios of engines 
of different types may readily be compared. For that work thie 
present paper might well serve as a basis. Professor Marks 
has deprecated that suggestion, and the writer is sorry to | 
unable to agree with him for the reason that had we waited unt! 
we reached the present state of knowledge in the preparation 
of steam tables, we should not have made anything like the 
amount of progress in steam engineering that we actually have 
made. 

The writer is in general agreement with the methods of calcu- 
lation employed, but before any authoritative tables or curves 
can be drawn up as standards it will be necessary to consider 
very carefully what factors shall be included in the standard 
efficiency and what characterized as unavoidable losses. for 
instance, the writer wishes most emphatically to dissent from 
the general attitude of the authors on calorific values and par- 
ticularly to certain statements, one of which is as follows: ‘I hus 
available energy, as previously explained, can never be based 
logically on anything but the lower heating value for the internal- 
combustion motor.”’ (Page 7.) This seems to be a decidedly 
retrograde step, particularly in view of the fact that the most 
recent test codes used in America, England, France, and (er- 
many have all expressed in no uncertain terms the desirability 
of using the higher heating value as a basis for all efficiencies 
The word “logical” in this connection was particularly ill chosen 
as anything less logical than the lower heating value could haril) 
be conceived. If it be maintained, as it has been, that no 
internal-combustion engine can reject its heat at temperatures 
lower than 212 deg. fahr., why fix on this as a standard? The 
argument applies equally well to 300 or 400 deg. fahr. ven 
if 212 deg. be arbitrarily selected (and there is nothing logical 
about that) there is still the heat of the liquid and the sensibk 
heat of the gases below 212 deg. which are still included as losses, 
although they come within exactly the same category as the 
latent heat which is not so included, if the lower calorific value 
be used. Consider the case of the combination of a gas pro- 
ducer and gas engine. Is the gas maker to be penalized becaus: 
the engine, which he does not design, and over which he has n° 
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control, is unable to use all the heat in the fuel supplied? The 
higher value is used with solid fuels, why not with liquid? A 
further practical point is that many liquid-fuel calorimeters give 
the higher value alone and the lower can only be obtained by 
calculation from the analysis, which few engineers are able to 
perform and which is not always available from other sources. 

If it be argued that the latent-heat loss is inevitable and is 
the most important factor in the exhaust loss, the same argument 
could be used for omitting the frictional loss in the engine, or a 
portion of it, as this is equally inevitable and just as important. 
By excluding these and a few other necessary losses, efficiency 
ratios of 100 per cent might be realized and the designer could 
then sit back complacently. 

It follows from this that both on logical and practical grounds 
the case for the use of the higher value is overwhelming, and 
the writer deprecates any attempt to revert to the lower value 
as a basis. 

These and other similar points must be thrashed out thoroughly 
before any cycle or method of calculation can be established, 
but there is no reason why a committee should not be appointed 
to consider these factors and draw up a report indicating the 
best method of procedure in this connection. 


L. C. Licury.'® There have been four noteworthy steps 
made in the development of an analysis of the internal-combus- 
tion-engine cycle: 


| The air-standard cycle 

The use of variable specific heats 

The use of the actual mixture with the above 

The inclusion of chemical equilibrium in the combustion 
and also the expansion process. 


ho 


The object of an analysis is to determine the maximum possi- 
ble efficiency of the ideal cycle and to use this as a goal which 
one should strive to approach. The difference between the in- 
dicated thermal efficiency of an actual engine and the maximum 
thermal efficiency of an ideal engine under the same conditions 
is a measure of the possibility for improvement. The use of 
the air-standard cycle is, or should be, obsolete as a basis for 
comparison, for it represents much more than the maximum 
efficiency that might be obtained in the ideal cycle. An analysis 
which does not include the last three of the items mentioned 
above gives a result that can never be attained even in the ideal 
Case. 

A well-designed internal-combustion engine with a 5-to-1 
compression ratio using gasoline as a fuel will have an indicated 
thermal efficiency of about 30 per cent. With the analysis 
under discussion, the maximum attainable with 100 per cent 
air is 37.5 per cent, while considering chemical equilibrium," 
the maximum is 35.9. Instead of a possible improvement of 
30 to 37.5 per cent, only 79 per cent of this improvement is 
possible, 21 per cent of the difference being explained by a con- 
sideration of equilibrium conditions. An item which is an 
inherent characteristic of the medium, which will explain one- 
fifth of the difference between actual and ideal efficiencies, is 
of considerable importance and should not be disregarded. 

The air-standard cycle with constant specific heat has been 
superseded by the variable-specific-heat cycle; it in turn has 
been improved by a consideration of the actual medium being 
used. With the application of the present knowledge of chem- 
ical equilibrium the efficiency of the ideal internal-combustion- 
engine eycle has been determined more closely than ever before. 
The use of this item in the determination of the ideal efficiency 
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is a distinct step in advance and gives one a true idea of the 
maximum possible efficiency attainable. 

The work of Goodenough and Baker‘ takes into account all 
of the data available regarding the behavior of the medium used 
in an internal-combustion engine and furnishes us with a true 
guide with which to compare actual performance. Engine 
efficiencies determined by comparison with Goodenough and 
Baker’s efficiencies represent true performance factors. Engine 
efficiencies determined from other than such analysis represent 
fictitious values which discredit the engine performance, in the 
light of present knowledge on this subject. 


C. N. Cross. The authors of this paper should be con- 
gratulated for having presented to the engineering profession a 
contribution which advances one more stage the detailed in- 
formation concerning internal-combustion-engine performance. 
This paper presents a very ingenious method of attack of the 
problem and it represents a vast amount of laborious detail 
which speaks loudly of the authors’ patience and perseverance. 

However, it is the opinion of the writer that the authors err 
to some extent when they, after having expended so much 
effort to arrive at an exact series of results which they urge 
shall be adopted as a standard by the Society, omit an important 
variable. Nowhere in their extended development has any 
provision been made for the variations of the specific heat at 
constant pressure for changing pressure. The effect of this 
variation is by no means negligible and as yet its full extent at 
high temperatures and high pressures is only partially deter- 
mined for air,'® and so far as the writer is aware, is entirely 
unknown for the other gases involved. 

If the authors wish to be utterly accurate and complete in 
their proposed standards for the efficiency of internal-combustion 
engines, it would seem to the writer that Equations [8] and [9] 
should include terms which allow for the changes due to pres- 
sure. Until such time as that is possible, the “Air-Standard 
Efficiency,” proposed in 1905 by a committee of the Institution 
of Civil Engineers of Great Britain appointed to study the stand- 
ards of efficiency of internal-combustion engines, should remain 
as the standard of performance. The Committee stated that— 

Apart from the special difficulty that knowledge of the 
values of cp, Cy, and k at high temperatures [the writer adds and high 
pressures | is defective, the calculation of their values for each special 
mixture of gases used in internal-combustion engines is cumbrous, 
and in ordinary trials almost impracticable. There is further 
difficulty that the values are not quite the same for compression and 
expansion strokes. In the opinion of the committee, it would in- 
troduce some uncertainty and difficulty, without adequate compen- 
sating advantage, to make the standard engine cycle depend on a 
knowledge of the physical constants of the mixture used. The dis- 
cussion of the constants for various mixtures of gases already given 
shows that, apart from the unknown change at high temperatures, 
these constants do not differ by more than 2 per cent to 5 per cent 
from those of air in such mixtures as are used in gas engines. The 
advantages of simplicity and definiteness in the standard are so great 
that the committee recommends that the standard engine should be 
taken to work with a perfect gas of the same density as air. This 
in no way prevents any one from discussing the distribution of heat 
losses in any particular mixture of gases. But it does render more 
definite the statement of relative efficiency, without, in the opinion 
of the committee, introducing any error of practical importance.” 

It is the opinion of the writer that the above-quoted state- 
ment of the committee is still substantially valid. And further, 
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that it would be inadvisable, in the light of our present incom- 
plete knowledge of the values of the various physical constants 
of gases under all the varying conditions existing in the cylinders 
of internal-combustion engines, to adopt, or even urge for 
general adoption, any new standard of ideal efficiency at the 
present time. 


G. B. Upron.'’ It is said that the revolutionary advances 
in recent years in knowledge of the nature of matter are due 
primarily to an increase in the accuracy of measurement of 
fundamental constants. Engineering is working out today 
advances paralleling those of physics and chemistry. Such a 
change to more accurate fundamental standards is the calcula- 
tion of the “real-mixture’’ standards for internal-combustion 
engines; without such “real-mixture’’ standards we cannot 
make intelligent headway in improvement of the utilization 
of heat in the engines. 

Knowledge of the specific heats of gases at high temperatures 
is still undergoing change, but those changes promise hence- 
forth to be of little importance. The time is ripe for definition 
of the “real-mixture’’ ideal cycles for internal-combustion 
engines and calculations of ideal efficiencies based upon the real 
properties of the actual working substances. In this definition 
no one, the writer thinks, will disagree with the paper as to 
conditions (a), (b), (c), and (d); but the case is otherwise with 
conditions (e) and (f). 

In the first part of condition (e), which is a double-header, 
the authors decide that when an engine is operated on any 
mixture richer in fuel than the “theoretical mix,”’ the theoretical 
cyclic efficiency charged against the engine shall be that cal- 
culated for the theoretical mix. This penalizes the ‘engine 
efficiency” for the use of a rich mix, which may be a good way 
to educate the operator of the engine. On the other hand, 
the operator may know something which is not in the thermo- 
dynamic analysis, that at full power of the engine a lean mix 
will give a very hot and oxidizing exhaust which will burn out 
the exhaust valves. If the engine efficiency is to be measured 
fairly for all mixes rich or lean, then the penalization for use 
of rich mixes should fall upon the cyclic efficiency. The dis- 
cusser has done this roughly by multiplying the cyclic efficiency 
for the theoretical mix by the mix ratio of the rich mix and 
dividing by the mix ratio of the theoretical mix; but this is 
an over-correction, because the rich mixes from their content 
in their products of combustion of CO and Hy get an effect 
like that from N», and O, in the lean mixes—the ratio of specific 
heats for either rich or lean mixes is higher than that for the 
theoretical mix. Also, for many of our liquid fuels the increase 
in ‘““gas constant” by combustion (or number of molecules pres- 
ent) is greater for rich than for lean mixes. Decision as to how 
the rich mixtures are to be treated is obviously a matter of 
arbitrary choice, with plausible arguments on either side. 

The second part of condition (e) concerns the weight of re- 
sidual exhaust gases entrapped with the new charge at the 
beginning of the compression stroke. A few years ago we did 
not consider these exhaust gases at all; our “working substance”’ 
in the ‘‘perfect-gas”’ style of thermodynamic theory was magically 
cooled at constant volume from the temperature at the end of 
the expansion line to the temperature at the beginning of the 
compression line, so that the cycle could begin anew. Now 
that we recognize the expulsion of used charge and taking in 
of new charge as parts of the real cycle, we need to know how 
much residual exhaust gas carries over from each cycle to mix 
with the new charge of the next cycle. The authors say that 
this quantity cannot be calculated accurately, but use an ar- 
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bitrary assumption which may be fairly accurate, that it would 
fill one-half the clearance volume when reduced to the pressure 
and temperature assumed at the beginning of compression. 
Since the exhaust and intake pressure losses of the ideal cycle 
have already been assumed as zero in condition (6), both residual! 
exhaust gas and new charge have atmospheric absolute pressure ; 
the temperature of the total charge at beginning of compression 
is assumed in condition (c) as 200 deg. fahr., or 660 deg. fahr 
absolute. Hence the authors have really assumed that the 
clearance volume full of residual exhaust gas, at the end of thi 
exhaust stroke, had a temperature of 2 X 660 deg. fahr. abso- 
lute = 1320 deg. fahr. absolute = 860 deg. fahr. under al! 
conditions of mix and compression ratios. Goodenough and 
Baker, in their University of Illinois Bulletin No. 160, for this 
same calculation make two successive assumptions. First, 
between the end of expansion and beginning of the exhaust 
stroke, an isothermal process reduces the quantity of gases in 
the cylinder in the ratio of atmospheric pressure to absolut: 
pressure at end of the expansion line. Second, the exhaust 
stroke (of a four-stroke cycle, obviously) pushes out gas at 
constant (atmospheric) pressure, making a further quantity 
reduction in the ratio of clearance/(displacement + clearance); 
with retained gases filling the clearance still at the temperature 
of the end of the expansion line — 3000 or more degrees fahren- 
heit absolute. No wonder that the authors and Goodenough 
and Baker disagree as to the weight of clearance gases re- 
tained. 

If we are setting up a ‘‘real-mixture”’ standard, why not caleu- 
late according to what the engine does and must do with the 
exhaust? When the exhaust valve opens, hot gases of an 
absolute pressure more than twice atmospheric are offered a 
passage like a nozzle through which to escape. They expand 
adiabatically, passing the valve with a velocity approximating 
that of sound in the hot gases until the cylinder pressure goes 
under twice atmospheric. In this period from 50 to 70 per 
cent of the exhaust gas escapes from the cylinder. Then the 
pressure still falls in the cylinder, with continuing adiabatic 
conversion of heat energy into velocity energy of escaping ex- 
haust, velocities decreasing as the pressure runs down, until the 
cylinder pressure reduces to atmospheric. The resulting tem- 
perature in the cylinder is directly caleulable from the pressure 
change and the adiabatic nature of the expansion as the exhaust 
gases blow themselves out of the cylinder. Then follows the 
exhaust stroke of the engine, if it is a four-stroke-cycle engine, 
expelling further exhaust gas till the volume is reduced to clear- 
ance volume, the temperature of the retained gas remaining, in 
a non-heat-conducting cylinder, the same as at the beginning 
of the exhaust stroke. Figured according to this adiabatic- 
expansion scheme the temperature of the exhaust gas trapped in 
the engine clearance is roughly 70 per cent of the absolute term- 
perature at the end of expansion. Correspondingly, the volume 
occupied by this residual gas, when cooled to 660 deg. fahr 
absolute, will be 0.27 to 0.30 times the clearance volume. In 
real engine with “‘radiation”’ losses of heat to the jacket water the 
temperature at the end of expansion is appreciably lower than in 
the ideal engine and the residual exhaust gas is denser, amounting 
on account of this temperature item alone to 35 per cent or more 
of clearance volume when reduced to 660 deg. fahr. absolute 
temperature. 

When the other effects in the real engine, of exhaust back 
pressure and intake suction, and heating of new charge on its 
way into the cylinder are taken into account, the arbitrary 
assignment of 50 per cent of clearance volume, at 660 deg. fahr. 
absolute, becomes a very fair statement of the real case. Whether 
this 50 per cent of clearance, as measuring full-load dilution of 
new charge with exhaust gas, is properly taken over from the 
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real engine into the ideal cycle by the authors, may be a matter 
of argument; but the corresponding calculation of Goodenough 
and Baker cannot be justified on any grounds whatever. Actual 
dilution must vary with mix ratio more than with compression 
ratio, but cannot be constant even in the ideal engine. We 
must choose between two cases: either we compute the residual 
charge for the ideal engine to get the exhaust-gas dilution for 
the working substances of the ideal engine, making that working 
substance different from that of the real engine; or we assume 
for the ideal engine the same dilution as the real engine with all 
its imperfections, thus making the working substance of the 
ideal engine exactly identical with that of the real engine. 

Condition (f) of the paper is that dissociation is not to be 
considered. Dissociation is variable with temperature, and 
persists even to the end of expansion if temperatures are high 
enough. Practically, the temperatures are too low for dis- 
sociation effects at the end of expansion in actual engines, but 
not always so in ideal cycles. Dissociation acts in the same 
way as the fact that combustion requires time and does not 
really occur at constant volume. Portions of charge that burn 
before or after the inner-dead-center position of the pistons 
have lesser expansion ratios than if all the burn happened at the 
dead center, and have correspondingly lessened efficiencies. 
Dissociation holds off a part of the combustion which should 
happen at dead-center position, and lets it occur later on during 
the expansion stroke, at reduced expansion ratio. On the 
other hand, dissociation increases the gas constant of the prod- 
ucts mixture, which helps to increase expansion work. It is 
dubious whether it pays to go through with dissociation caleu- 
lations, because in the real engine the temperatures throughout 
the burned charge are not uniform but far from it so that we 
have no satisfactory basis on which to make calculations. This 
non-uniformity of temperature in the burnt charge means, how- 
ever, that dissociation is greater in the real engine, for a given 
average temperature of gases, than in the ideal engine. The 
real engine runs enough colder than the ideal one so that dis- 
sociation is not likely to be appreciable except perhaps at peak 
of combustion. The discusser feels that dissociation is still 
oo uncertain a topic for us to try to put its effects quantitatively 
into our ealeulations of standards. Because Goodenough and 
Baker assumed too small a value for dilution with spent gas, 
their whole expansion line is pitched at too high a temperature. 
This not only makes their efficiencies everywhere a bit too low, 
but especially vitiates seriously their numerical estimates of the 
importance of dissociation. Their too small dilution makes 
their expansion-line temperatures come out 250 to 200 deg. fahr. 
too high. Such a temperature difference may easily change the 
completeness of combustion from 95 per cent back to 85 per 
cent, vastly overvaluing therefore the dissociation and its effect 
on efficiencies. 

Concerning the use of ‘lower’ and “higher’’ heating values 
of fuels, admittedly we must use “lower’’ values for computing 
temperature rises in the ideal cycle and must even recognize 
that the “lower” value is a function of the temperature at be- 
“inning of combustion. But in computing our thermal efficien- 
cles we are comparing our heat engines with a device for perfect 
recovery of heat from combustion of the fuel, such as the counter- 
flow gas calorimeters are. The perfect heat machine recovers 
the “higher” heating value. If we choose to operate a heat 
engine on a cycle which makes us throw away exhaust heat, it 
's entirely proper that the cyclic efficiency should be lower in 
consequence of that choice. The fact that the calculation of 
details (separate processes) of the cycle makes the computer 
use the lower and not the higher heat value of the fuel (because 
in the combustion process H,O is always vapor) should not warp 
his judgment as to how the cycle compares with a perfect heat 
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utilization. It is physically possible to build a steam boiler in 
the form of a Junker gas calorimeter and get 100 per cent boiler 
efficiency with natural draft and yet with discharge gases reduced 
to atmospheric temperature; we do not build boilers that 
way because the interest on the plant cost would exceed the 
saving on fuel. Similar practical considerations lead us to use 
the Otto and Diesel cycles for internal-combustion engines, 
letting the exhaust go out too hot for H,O to be possibly con- 
densed; the consequent heat loss as compared with a calorimeter 
is properly chargeable against the cycle of operation. 


P. H. Scuweirzer.'’® We have heard conflicting opinions 
on many factors with regard to establishing efficiency standards 
for internal-combustion engines. Higher and lower heating 
value, dissociation and no dissociation, admitting deficiency of 
air in the ideal cycle or excluding it, complete scavenging or 
residual gases. The writer has no desire to enter into any of 
these controversies, but instead of that would add one more. 
All recent efficiency calculations like those of Goodenough and 
Baker, of David, and of the authors are based separately on 
the Otto cycle and on the Diesel cycle. It might not be out 
of place to call attention to the proposal made by Professor 
Langer, who suggests abolishing the Diesel cycle altogether as 
an ideal reference cycle and basing the efficiency values on the 
Otto cycle solely, even if compression-ignition engines are being 
considered. 

The writer will not attempt to reproduce Langer’s argument 
which was presented at the 1927 meeting of the Society of 
German Engineers and is printed in the June 25 issue of the 
Zeitschrift des Vereines deutscher Ingenieure, but will mention a 
few good points in its favor. Constant-pressure combustion was 
formerly considered desirable because it gave lowest maximum 
pressures. Being desirable it was set up as an ideal standard. 
From the standpoint of efficiency the cycle with constant-pres- 
sure combustion is not ideal at all and is decidedly inferior to 
the cycle which admits all or most of the heat at dead center. 
The more our skill in machine construction improves the less 
we fear high pressures, and today very few builders of Diesel 
engines attempt to imitate the true Diesel cycle, which sacrifices 
efficiency to lower the pressure peaks. High-grade Diesel en- 
gines of today burn the greater portion of the fuel at or near 
dead center. That means a pressure rise during combustion, 
but it results in higher m.e.p.’s, lower exhaust temperatures, 
and better economy. 

Taking the constant-pressure cycle as a reference, it is possible 
that some day we shall find that an actual Diesel engine has a 
thermal efficiency higher than ideal, simply because it burns the 
fuel quicker than corresponds to constant pressure. The engine 
efficiency would then be better than 100 per cent. This is ab- 
surd. If we do not want to add undesirable complications by 
introducing the dual cycles as ideal reference cycles, it is logical 
to accept the proposal of Professor Langer and compare all 
internal-combustion engines with the Otto cycle, which admits 
all of the heat at dead center and which really represents the 
limit which can be reached in efficiency with engines of the present 
general design. 


Epaar J. Kares.'* This paper presents calculations of great 
help to the busy engineer who wishes to measure the performance 
of an Otto or Diesel engine. The “air-standard’’ efficiency 
formerly in voge is now known to be so much in excess of the 
efficiency based on real gases and on real specific heats that it 


18 Associate Professor of Engineering Research, Pennsylvania State 
College, State College, Pa. 

19 Consulting Engineer, New York, N. Y., Chairman of Oil and 
Gas Power Division, and Mem. A.S.M.E. 
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is of little practical value. On the other hand, the calculation 
of the ideal efficiency, taking into account the actual constituents 
of the mixture and the variations in specific heat, is so laborious 
a task for most engineers that they have denied themselves the 
benefits of this method of checking the performance of the 
engines with which they were concerned. This difficulty the 
authors have gone far to eliminate through the exceedingly simple 
and practical form into which they have condensed the results 
of many intricate computations. With the help of the charts 
given in this paper, the process of finding the ideal efficiency is 
reduced simply to locating a single point on a curve. 

Though the charts cover a wide range of conditions for the 
Otto and Diesel cycles, they unfortunately do not apply to one 
of the most modern types of oil engines that operating on the 
“dual cycle,’ which is a combination of both the Otto and the 
Diesel. In the dual cycle, part of the fuel is burned under 
constant-volume conditions at dead center, as in the Otto, and 
the rest is burned at constant pressure during the first part of 
the power stroke, as in the Diesel. 

The dual cycle is particularly well adapted to engines with 
mechanical fuel injection, and results in an excellent combina- 
tion of easy starting qualities, moderate pressures, high thermal 
and mechanical efficiencies, and large power output. The 
lowest fuel consumptions so far reported for oil engines, about 
0.35 Ib. per b.hp-hr., were made with engines operating on the 
dual cycle. 

Engineers would gratefully welcome the publication of data 
and charts similar to those of this paper but applying to the 
dual cycle which is now being widely employed. 


AuTHors’ CLOSURES 


F. O. ELLENwWoop. The authors are very grateful to those 
engineers who have contributed to the discussion, which is so 
essential for general progress in matters of this kind, but they 
also desire to express special thanks to Professors Goodenough 
and Upton who have taken considerable pains to work out the 
technical relationship involved in certain calculations and to 
express their opinions regarding many important points. All 
engineers who have given this subject careful thought are forced 
to realize that it is a very complex one. 

Regardless of whether the work that has thus far been done 
by different investigators in Europe and in this country may be 
considered as a satisfactory base on which to establish a stand- 
ard, it certainly must be true that the exchange of ideas and 
general study and discussion that comes from this work will in 
itself be of much value to the profession. 

Considering the individual discussions, the authors believe 
that the arguments advanced by Professors Marks and Cross, 
that the time is not yet here when we should make these calcu- 
lations, are well answered by Professor Allcut, who asks: ‘‘Where 
would we be today regarding the preparation of our steam 
tables, had we waited until we were sure of the proper values 
to use for both saturated and superheated steam?” In other 
words, engineers and scientists can never attain the ultimate in 
matters of this kind, but they can often take decided steps 
toward it. Professor Marks has undoubtedly presented an 
unduly pessimistic view of the situation regarding specific heats. 
In this connection, it seems to the authors very appropriate to 
quote from a paper by Sir Dugald Clerk, presented before the 
Institution of Civil Engineers, January 10, 1928, when he says 
in a discussion of this same subject: ‘The time has come for 
the application of accumulated knowledge to the substitution 
of real working fluids for the ideal properties which were neces- 
sary because of ignorance of the real.’ 

The authors fail to appreciate, possibly as much as they should, 
the suggestion of Professor Marks that an air standard be sub- 


stituted for the hot-air standard discussed in the paper. It is 
not altogether clear what particular advantage this would have 
because, as he says, “it would actually give correct values for 
the Diesel at the lower limit of power, that is, for the Diese! 
with no fuel injected.”’ It is certainly true that most of us are 
much more concerned with a standard that applies to Diesels 
that are using at least some fuel. 

Professor Cross raises the question of whether the specific heats 
of gases are seriously affected by the change in pressure involved 
in the internal-combustion motor. Taking his own reference 
(Jakob) on this subject, it is readily seen that for the tempera- 
tures and pressures involved in the internal-combustion motor, 
the effect of the variation in pressure on the specific heats is 
too small to be considered of any significance. 

The result of the calculations of Herr Jakob show that for an 
increase of pressure of 500 lb. per sq. in. the increase in cy for 
air is about 7 per cent at a temperature of 32 deg. fahr. and 
about 1.2 per cent at a temperature of 482 deg. fahr., so it is 
fair to ask Professor Cross what he considers the increase might 
be at 1000 or 3000 deg. fahr. The variation in c, is roughly 
half as large as in c, at 482 deg. fahr. The same conclusion 
may be reached by consulting Glazebrook’s ‘‘Dictionary of Ap- 
plied Physics,”’ vol. I, page 415, or by plotting the values given 
by Partington and Shilling in ‘The Specific Heat of Gases. 
In all of these references it will be found that for very low tempera- 
tures and for very high pressures the effect of pressure on thie 
specific heat of gases is of great importance, but for the pressures 
and temperatures involved in the internal-combustion motor, tho 
effect of pressure on the specific heat is quite negligible. 

In the latter part of Professor Allcut’s discussion, he questions 
the following statement occurring on page 7 of the original 
paper: ‘This available energy, as previously explained, can 
never be based logically on anything but the lower heating 
value for the internal-combustion motor.” Professor Alleut 
apparently does not realize that it is one thing to talk about 
the heating value to be used in determining the net work or 
available energy of the ideal cycle involving a real mixture 
with variable specific heats, and an entirely different matter to 
talk about the heating value on which the efficiency of such a 
cycle may be based. All of the references that he gives regard- 
ing the most recent test codes in America and Europe have 
said nothing, so far as the authors can ascertain, about the use 
of the higher heating value for determining the rise of tempera- 
ture of the mixture in an internal-combustion motor. The quoted 
statement of the authors certainly says nothing regarding the 
use of any heating value for the purpose of obtaining the thermal 
efficiency of any heat engine, ideal or real. When it comes to 
the question of computing the rise in temperature by the com- 
bustion of the fuel after compression in an internal-combustion 
motor, the case is entirely different from that involved in calcu- 
lating efficiency. 

The temperature at the end of compression is always so high 
that only a low heating value is available to produce a rise in 
temperature during combustion, but this in no way prevents the 
use of any other heating value agreed upon by engineers as (he 
proper one on which to base the thermal efficiency of the engine, 
both ideal and actual. As Professor Goodenough says in lils 
discussion: ‘In no phase of analysis of a cycle can the higher 
heat of combustion possibly enter into the calculation. It 1s 
only in the final step, the determination of the efficiency, tat 
the high value functions.” Professor Upton also makes thie 
point clear that only the lower heating value can be used in ‘he 
calculation of the rise of temperature of the ideal cycle, although 
he is a firm believer in the use of higher heating value for the 
thermal efficiency of the actual and ideal engine. The authors 
can appreciate Professor Allcut’s viewpoint because they, 25 
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well as many other engineers whom they know, have had to 
pass through the stage in which it is difficult for the mind to 
realize that a higher and lower heating value can both very 
logically be used in the same problem, one for determining the 
rise in temperature of the working substance, and the other for 
the determination of the thermal efficiency. 

Mr. Baker refers to the use of steam with a quality of 95 per 
cent in an engine and states that we do not charge the engine 
with dry saturated steam in such case. This illustration is used 
in connection with his discussion of the ideal Otto engine that 
should be used as a standard with which to compare the real 
engine running with a deficiency of air. It seems to the authors 
that a little thought on this subject will indicate why the com- 
parison is of no value, because the steam engine does not have 
any combustion of fuel taking place within the cylinder—and 
it is exactly this point, the combustion of fuel within the cylinder 
of the engine, that is involved. The authors believe that an 
ideal heat engine should be defined as one in which there is no 
loss of energy due to leakage, fluid or mechanical friction, heat 
transfer, or incomplete combustion of fuel. With this as a 
fundamental conception of what constitutes an ideal heat engine, 
whether the combustion takes place in the working cylinder or 
not, it is then apparent that the ideal cycle need never be calcu- 
lated for any case in which there is insufficient air to support 
complete combustion. Since Mr. Baker has chosen to introduce 
an illustration involving steam, it is in order to call his attention 
to the fact that the ideal boiler with furnace is often used as a 
standard with which to compare the performance of the actual 
one. In such a case the ideal boiler furnace is supposed to be 
one in which there is just sufficient air supplied for the complete 
combustion of all the fuel used. The supply of sufficient air to 
support combustion would seem to be one of the most basic 
premises in any ideal combustion process. Just because an 
Otto engine may, on a rich mixture, possibly run cooler, start 
easier, Stall less readily, or do a number of things that may be 
considered desirable in an automobile engine, need not alter our 
conception of what the ideal should be. It seems to the authors 
that running an Otto engine with a deficiency of air should show 
up in its decreased engine efficiency just as logically as running 
it with too much cooling water. If the ideal Otto is at times 
to have insufficient air for complete combustion of the fuel 
because it may be desirable to operate a real engine that way 
sometimes, why not also make our ideal engine one in which the 
loss to the water jacket is the same as in the actual case? Adia- 
batic processes and sufficient air for complete combustion are 
about equally basic in the ideal heat engine, as the authors see 
it. However, this question is of much interest in dealing with 
the Otto engine and undoubtedly is, as Professor Upton says in 
his discussion, “a matter of arbitrary choice with plausible 
arguments on either side.”’ 

Professor Schweitzer calls attention to a suggestion of Professor 
Langer’s that the Diesel cycle be abolished altogether asa standard 
and that only the Otto be used, because many of the late Diesels 
have such an appreciable portion of the combustion taking place 
at constant volume. This suggestion probably merits careful 
consideration because of its technical value, but surely not be- 
cause any present or prospective Diesel engine has given any 
evidence of causing embarrassment by having an indicated 
engine efficiency greater than 100 per cent. 

Mr. Kates suggests that it might be desirable to make the 
calculations cover the dual-combustion cycle. Such calculations 
are even more complicated than those for the Diesel cycle, and it 
Seems to the authors that it would be best to wait until certain 
questions regarding the Otto and Diesel can be considered further. 

According to Professor Lichty, “the true performance factors” 
are now to be found in the Goodenough and Baker values. This 


statement will no doubt be received by the scientific world with 
the utmost interest, because it implies that no future work need 
ever be done on specific heats, dissociation, or any other of the 
many complex factors entering into the calculation of the ideal 
cycles of internal-combustion motors. It appears that Pro- 
fessor Marks and Professor Lichty represents the two extremes 
in this respect, because the latter apparently thinks that the 
last word has been said on the subject, while the former believes 
that such calculations should not be attempted now because our 
knowledge is too incomplete. 

The authors believe that Professor Goodenough cannot justify 
his assumption that in the ideal case the residual gases may be 
considered as expanding at constant temperature. If instead 
of his isothermal expansion these residual gases be considered to 
expand adiabatically with an average value of y = 1.3, the weight 
will be about 50 per cent greater than the value 0.604 lb. per lb. 
of fuel, as calculated by him for case 11. 

The authors made their assumption regarding this very com- 
plicated question of how to estimate the weight of residual gases 
after considerable effort had been made to try to find a reason- 
able method of calculation. That their method is not without 
some merit, aside from its simplicity, is shown in the discussion 
of Professor Upton and also by the fact that Professor Goode- 
nough concedes that this method gives results that “agree fairly 
well with the conditions in the actual engine,’ although he 
questions the logic of making the residual weight agree in the 
ideal and actual cases. Some engineers may believe that the 
weight of residual gases is not of sufficient importance to justify 
serious consideration, but the calculations given in Professor 
Goodenough’s discussion point clearly to the necessity of care in 
making this estimate, especially when dissociation is considered. 
His figures show T;, the absolute temperature at the end of 
combustion in the ideal Otto, to be 257 deg. higher with his 
value of the residual than with the authors’, when neither 
considers dissociation. This region of temperature (5000 or 
more deg. fahr. absolute) is one where relatively small changes 
of temperature produce large changes in dissociation. Conse- 
quently, it seems to the authors that both the overly high tem- 
perature, from too little dilution, and overly high dissociation, 
result in lowering of the Goodenough and Baker cyclic efficiency 
unduly. In general the effect of assuming too small a dilution 
of the fresh charge with spent gas causes a multiple error in under- 
statement of cyclic efficiency, if dissociation is considered. 

Professor Upton has pointed out that the authors’ assumption 
about residual gases is, essentially, that for all mixtures and 
compression ratios the clearance is filled with exhaust gas at 
1320 deg. fahr. absolute. He has also outlined a logical ideal 
process by which the residual gas left in the clearance runs 
down in temperature and pressure from the condition at the end 
of the expansion line to the condition at the end of the exhaust 
stroke. That his statement of this ideal process is reasonable 
can be seen by studying the measured temperatures of the last 
exhaust gas escaping in actual cases, as given in Bulletin No. 150 
of the University of Illinois, by Rosecrans and Felbeck, entitled 
“A Thermodynamic Analysis of Gas-Engine Tests.’ Their 
results show that the actual residual gas temperatures were 
found to be from 1260 to 1760 deg. fahr. absolute, with various 
mixture ratios, fuels, and compression ratios. These actual 
temperatures are of course somewhat lower than the ideal, 
because of the heat transfers during combustion and expansion 
in the real engine. 

Professor Goodenough points out that the computations for 
the Diesel cycle are affected but slightly by the different weights 
of residual gases, but that for this cycle the chief difference is in 
the interpretation of the combustion process. The authors are 
not convinced of the superiority of his method, especially since 
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he assumes the fuel to be ‘completely vaporized before entering 
the cylinder.’’ In this connection it should be remembered that 
the heating values of oil as determined by calorimeters sometimes 
vary more than 1 per cent for different samples from the same 
tank. 

Even though in the past it may have been considered by some 
engineers a relatively simple matter to specify the processes and 
working substance involved in ideal cycles, it should now be 
recognized that for the internal-combustion motor both of these 
items afford some chance for differences of opinion, and possibly 
the arguments that can be advanced for two opposite viewpoints 
may be equally valid. In such a case further study and con- 
sideration of the subject by competent engineers will undoubtedly 
assist in making arbitrary, but satisfactory choices, where they 
need to be made, in order to effect standardization. 


F. C. Evans. In regard to cases of engines operating with a 
deficiency of air, there is a very evident and not entirely un- 
expected difference of opinion. Rather than argue further in 
support of our point of view as expressed on the first page of 
the paper, namely, that such cases should be compared with a 
perfect-mixture standard, the present author prefers to indicate 
a more indirect but also more important conclusion. The value 
of this and similar work on standards of performance for internal- 
combustion engine is minimized unless within the next few years 
a very widespread adoption of engine efficiencies for internal- 
combustion engines results. Differences of opinions of the 
character just mentioned would necessarily have to be adjusted 
before these standards would be accepted for general use. The 
authors of this paper prefer to keep the goal in mind, namely, 
widespread use of engine efficiencies in connection with internal- 
combustion-engine tests, and would sacrifice ideas of the pre- 
ceding character in the face of real opposition rather than defeat 


the ultimate purpose by excessive resistance on some debatable 
points. This disagreement shows the necessity of competent 
organized action to compromise on some points as the next step 
toward general use of these engine efficiencies. 

Professor Goodenough demonstrates that the quantity of 
residual gases influences the results. And the present author 
believes every one is in agreement that this is a difficult matter 
to determine accurately. It is obvious that our assumption is 
only approximate. However, Professor Goodenough, in his 
specific problem, bases his residual-gas weight on a clearance gas 
temperature of 3521 deg. fahr. abs., which is much too high in 
the opinion of the authors. 

In this connection Professor Upton presents another idea, 
namely, that this residual-gas quantity is greater with a two- 
cycle engine than with a four-cycle engine, justifying to some 
extent using a figure too high for the latter type of engine in 
order that the same standard may be applied to the two-cycle 
type without too great an error. 

Dissociation is another factor that obviously must be sub- 
jected to some compromise action. The authors have stated 
their position in this matter fully in the paper and it would be 
futile to discuss the matter further here. An arbitrary ruling 
by a competent group would settle an issue that otherwise will 
be open to continual argument, provided all would abide by the 
decision of such a committee. 

The authors are aware that the heating value of fuels depends 
on the temperature at the start of combustion, as Professor 
Goodenough points out. This factor was ignored because an 
average heating value was arbitrarily assumed for each fuel, 
which value being only an average will undoubtedly be too far 
from the actual heating values on some tests to justify too great 
refinement. As Professor Goodenough points out, there is a 
relatively unimportant difference. 
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Oil-Spray Investigations of the N.A.C.A. 


Oil-Engine Performance—Combustion Losses—Value of Research—Oil-Spray Investigations 
of the National Advisory Committee for Aeronautics—Photographic Records of 
Fuel Sprays and Graphs for Use in Studying Spray Characteristics and 
Fuel Injection in High-Speed Engines 


By W. F. JOACHIM,' LANGLEY FIELD, VA. 


built his first oil engine in 1897 (1)? has gone forward in 

several directions. Today we find that, of the several types 
of internal-combustion engines burning fuel oil, the so-called 
oil engine has gained much favor and is being manufactured 
in increasingly greater numbers than is the Diesel or air-injection 
engine, the semi-Diesel or hot-bulb engine, or those engines car- 
bureting or injecting their fuel oil into vaporizing manifolds and 
igniting it by electric spark as in the gasoline engine. This in- 
crease in popularity of the oil engine is well deserved, because its 
theoretical thermal efficiency is about four per cent higher 
and its accessory power requirements about seven per cent lower 
(2) than its air-injection competitor, and because its construction 
is more simple. 


Tani development of the oil-burning engine since Dr. Diesel 


Ou-ENGINE PERFORMANCE 


However, the practical success of the oil engine does not de- 
pend solely upon these factors. The detail design and arrange- 
ment of the combustion chamber, valves, and pistons, and the 
degree, direction, and timing of the turbulence they produce, have 
marked effects on the performance of an engine. The com- 
pression ratio, the timing and rate of injection, and the prompt- 
ness and thoroughness with which the oil is atomized and mixed 
with the cylinder air, control to a large extent the lag and speed 
of both ignition and combustion: Oil-engine performance is 
therefore not proportional to the efficiency calculated from the 
compression ratio, as is nearly true for gasoline engines, but 
is dependent upon the success with which the engine design 
and all the details of injection are carried out. 

If indicator cards from many oil engines are examined it will 
be found that they usually differ considerably. The compres- 
sion pressure may be as low as 280 Ib. per sq. in., or as high 
as 550 lb. per sq. in.; the maximum cylinder pressure may vary 
from 500 to 1000 or more lb. per sq. in., and the type of com- 
bustion will range from that at practically constant pressure 
to that at practically constant volume (3 to 9). This extreme 
variation in design and in the resulting combustion of the fuel 
is partly accounted for by the effects of increasing the engine 
speed in the effort to adapt the oil engine to railroad, automotive, 
and aircraft service (10 to 20). It is strong evidence, however, 
that the problems of burning fuel oil in engines are not only viewed 
differently by different designers but, at the present time, are 
hot perfectly understood and lack solutions that permit full 
attainment of the desired performance. 


ComBustTIon Losses 


Simple calculations show that if there were no thermal 
losses sustained in transforming fuel oil into power we should 
obtain an indicated horsepower-hour for a consumption of about 


' Mechanical Engineer, Langley Field, Va. 
_ + Numbers in parentheses indicate similarly numbered references 
in the bibliography published at the end of the paper. 

: Presented at the Oil-Power Conference held at Pennsylvania State 
College, State College, Pa., April 21-23, 1927, during Oil Power 
Week. Awarded the Rudolph Diesel Prize for the best paper pre- 
sented during that week. 


0.14 lb. of oil. There are, however, three thermal losses that 
increase this ideal fuel consumption considerably. They are the 
heat lost, first, in the exhaust gases, second, in the cooling 
water and other radiation with complete combustion, and, third, 
the heat energy lost because of either “late’’ or incomplete 
combustion. If the thermal losses incident to the magnitude 
and timing of the cylinder pressures and temperatures in the 
construction of the theoretical indicator card amount to 40 
per cent, then the efficiency of the cycle is 60 per cent and, with- 
out other losses, we should obtain an indicated horsepower- 
hour for a consumption of about 0.23 Ib. of fuel oil. If the cycle 
efficiency is only 50 per cent, we should still obtain an indicated 
horsepower-hour for 0.28 lb. of oil. 

While the author has recorded fuel-oil consumptions down to 
0.26 lb. per i-hp-hr. in the experimental aircraft single-cylinder 
oil engines of the National Advisory Committee for Aeronautics, 
running at 1600 r.p.m., this figure was for one-quarter load 
(21, 22). At the same engine speed and at an approximate com- 
mercial full load, taken at an air-fuel ratio giving 112 lb. i.m.e.p. 
with 50 per cent excess air, the fuel consumption was 0.35 lb. 
When the load was further increased, as is necessary in aircraft 
engines, to an air-fuel ratio giving only 15 per cent excess air, 
the fuel consumption increased to around 0.44 lb. per i.hp-hr. 
Many large-size, slow-speed, commercial oil engines have fuel 
consumptions that are quite comparable to the values quoted 
for the same percentages of excess air. These increases in fuel 
consumption over the low theoretical value of about 0.26 Ib. 
are largely the result of either late or incomplete combustion of 
the injected oil, and may be laid directly at the doors of improper 
design and our present imperfect knowledge of oil injection. 


VALUE OF RESEARCH 


It has been found that if good performance is to be obtained 
in an oil engine, the most careful study must be made of all the 
processes and requirements of oil injection, atomization, dis- 
tribution, ignition, and combustion. For example, if the injec- 
tion of the oil is at too high or too low a pressure, or its rate or 
timing is unsuited to the desired indicator card; or the atomi- 
zation is too coarse to permit clean combustion in the time 
available, or is too fine and lacks penetration; or if the dis- 
tribution of the oil particles in the spray is poor so that the 
spray contains very lean and very rich portions, and is not 
properly aided by turbulence; or if the ignition is late so that. 
a large part of the fuel charge may burn at practically constant 
volume and cause excessive cylinder pressures, or if it is slow 
and results in after-burning; then the combustion will. not 
be complete, controlled, nor properly timed, and the engine 
performance will be low. The value of research on oil sprays 
therefore lies in the discovery and practical investigation of 
all of their atomization, distribution, and combustion charac- 
teristics. 


OF INVESTIGATING OIL SPRAYS 


There are six major methods of studying oil sprays. These 
are: (1) Injection into the atmosphere; (2) injection into 
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liquids; (3) injection on to targets; (4) injection into cold com- 
pressed gases; (5) injection into heated compressed air and 
(6) injection into engines, i.e., actual engine tests. Each 
method has both advantages and disadvantages and is of different 
ultimate value. 

1 Injection into Air. All oil-engine engineers have undoubt- 
edly studied fuel sprays by observing them in the atmosphere. 
While this method is often misleading as to the size and shape of 
a spray when it is injected into an engine (23), many of the 
variables are proportional for different nozzles and valuable 
preliminary information may be obtained. Kuehn, in Germany 
(24), sprayed a small quantity of oil on a sooted glass and calcu- 
lated the average diameter of the fuel particles from their total 
weighed volume and their total counted number. By making 


many tests he determined the approximate effects of injection . 


pressure and three nozzle designs upon atomization. Sauter (25, 
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Hauser and Strobel (27) caught sprayed fuel particles in a film 
of glycerine on a glass and measured their diameters with a 
microscope. Woltjen (28) injected fuel sprays into compressed 
air in a steel bomb, catching the fuel particles in a solution con- 
sisting of 70 per cent of distilled water and 30 per cent of “Queol 
D,” a tanning extract, in the bottom of the bomb. This solu- 
tion held the oil particles in suspension and permitted photo- 
micrographs and therefore size measurements to be made 
By injecting with different fuel pressures, with and without in- 
jection air, and with different air pressures in the bomb, Woltjen 
obtained considerable data on the factors affecting atomization. 
Shepherd (29) and others injected oil sprays directly into water 
and observed their relative penetrations. If the effects on the 
density and viscosity of liquids on oil sprays were determined 
as has been done for gases (30), this general method could be 
extended and would permit the practical determination of spray- 
particle size for many test conditions. 

3 Injection on to Targets. The injection of oi! 
sprays on to targets has probably been practiced 
to a greater extent than injection into liquids 
The targets are mounted on the fly-wheel of the 
engine, or on special injection-system test equipment, 
and one or more sprays made to impinge against 
them. While this method is of little value in the 
determination of the atomization or penetration of 
an oil spray, it does give important records of thie 
lag, rate, and duration of injection. By injecting 
at various loads and speeds, with various injec- 


tion-valve adjustments or injection-tube lengths 
and diameters, and having means to measure the 


] fuel pressures and discharge quantities, a fuel-in- 
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26) has reported a method for calculating the average size of fuel 
particles from the photometric diminution of light passed 
transversely through a widely dispersed spray. A second 
method suggested by Sauter consists in calculating the particle 
size from the amount of electrical energy carried from a charged 
nozzle by a spray in unit time. 

A considerable amount of preliminary work on injection into 
the atmosphere was done by the author before the Committee's 
present high-speed spray-photography equipment was completed. 
This consisted in the observation or measurement of the max- 
imum penetration, relative atomization, shape, and combustion 
characteristics of Diesel-oil sprays. The effects of nozzle adjust- 
ment and injection pressure were pronounced. The maximum 
penetrations ranged up to about sixteen feet; the atomization 
ranged from large particles which fell rapidly to almost invisible 
particles that quickly disappeared by evaporation in the air; 
the spray shape varied from long, thin streams to full, bushy 
sprays; and the combustion from smoky, red flame to clean, 
intense white flame. Spray velocities and coefficients of dis- 
charge were calculated from the measured rate of fuel discharge. 
The plotted results gave smooth curves for all of the variables. 
The oscilloscope was also used, both on engines and on special 
injection-system test equipment, to permit slow motion study 
of the start, growth, and cut-off of oil sprays produced by various 
injection valves and pumps. 

2 Injection into Liquids. The study of sprays by injection 
into liquids has been more limited, largely because of the ob- 
vious differences between gases and liquids, which render the 
results of uncertain value, and because of the difficulty of making 
practical observations and measurements. Some of these 
difficulties have, however, been largely overcome by special means. 


jection system may be quite accurately and com- 
pletely calibrated. Considerable experimentation 
by this method at the Committee’s Langley Field 
laboratory (31 to 33) has yielded valuable informa- 
tion and disclosed injection phenomena that have materially 
aided in the design and practical application of various injec- 
tion systems to aircraft-type oil engines. 

4 Injection into Unheated Compressed Gases. Extended in- 
vestigations on oil sprays have generally been carried out hy 
injecting them into chambers containing unheated air or other 
gases under pressure. Some investigators have built heavy 
glass bombs or cylinders and observed the retarding effects of 
various gas pressures upon the injected sprays. Riehm (4) 
constructed a chamber with an impact plate and magneticall) 
controlled balance with which to measure the kinetic energ) 
of fuel sprays. By injecting his sprays under various pressur’s, 
and varying the chamber gas pressure and the distance between 
the nozzle and the impact plate, he obtained valuable data on 
the variation of spray energies, velocities, and penetrations with 
nozzle design and various operating conditions. This method 
of oil-spray research with modifications and additions was in«e- 
pendently recommended to and adopted by the Pennsylvania 
State College in 1923 and 1924. The National Advisory Com- 
mittee for Aeronautics perfected its present apparatus for ‘he 
study of fuel sprays in the fall of 1924 (35). The photographic 
method is used. A spray chamber with windows, means for 
injection control of the spray and its intense, high-speed inter- 
mittent illumination and recording on photographic film, during 
its development, is employed. This equipment and the results 
of some fundamental investigations will be briefly discussed 
later. 

5 Injection into Heated Compressed Air. The study of oil 
sprays by injection into heated compressed air has, in general, 
been limited to the determination of ignition temperatures and 
the time lag between injection and ignition. Many exper'- 
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menters, realizing the importance of the auto-ignition temper- 
ature in the design and operation of oil engines, have conducted 
extended investigations on many fuels. Dixon, Holm, Moore, 
Wollers and Ehmcke (36 to 38), and others have made ignition- 
point determinations at atmospheric pressure by dropping the 
fuel oil on to hot plates, or by injecting it into heated air or 
oxygen. Alt (39) repeated and extended certain researches 
on the ignition point at atmospheric pressure on many oils, 
using two ignition-point testers, and made comparisons of his 
results with the approximate ignition temperatures required 
in engines. Hawkes (40) sprayed shale oil into a chamber con- 
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6 Injection into Engines. The investigation of oil sprays 
by injection into an engine usually consists in determining the 
engine performance. The information obtained in engine tests, 
though of vital importance in analyzing the complete machine, 
is not directly applicable to the study and analysis of oil sprays 
because of the influence of the combustion-chamber design 
and other engine variables. Junkers, however (6), has employed 
fused-quartz windows in an engine and recorded the timing 
and progress of combustion for different conditions. No definite 
data from this work have as yet been received. While this method 
of oil-spray study may be adapted to specific engines, the effects 
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taining heated compressed air and obtained what he termed 
“practical ignition temperatures” by measuring the time lag 
between injection and ignition for various test temperatures. 
The ignition lag for his sprays varied from 0.16 sec. at 630 deg. 
fahr. to 0.007 sec. at 930 deg. fahr. Tausz and Schulte (41) 
determined the ignition temperatures, chiefly in air, of several 
oil-engine fuels, and mixtures of these fuels, by two methods 
and for various pressures up to about 540 Ib. per sq. in. The 
first method determined the ignition temperature of the fuels 
when dropped into heated air at constant pressure, and the 
second method the ignition temperature when the fuels were 
sprayed into heated air, the pressure of which was increasing 
as in an actual engine. Their data cover a wide range of con- 
ditions and check engine tests closely. The National Advisory 
Committee for Aeronautics has recently undertaken the design 
and construction of additional oil-spray ignition and combustion 
“pparatus to be used with its present high-speed spray-photog- 
raphy equipment. This combined equipment will be employed 
'o study the effect of air pressure, temperature and turbulence, 
combustion-chamber shape, exhaust-gas dilution, and all the 
variables of injection, atomization, and distribution upon the 
‘gnition temperature, lag of auto-ignition, and rate of com- 
bustion of oil sprays. 


of any single variable may easily be hidden by a number of other 
difficult-to-control and interdependent variables in the engine, 
and the method is costly for fundamental research. 


N.A.C.A. Ort-Spray INVESTIGATIONS 


The present method used by the National Advisory Committee 
for Aeronautics to study the characteristics of oil sprays, as 
previously stated, is that of injection into unheated gases under 
pressure in a chamber, and photographing the rapidly moving 
spray at progressive stages from the instant of its appearance 
at the nozzle, through spray cut-off, to its practically complete 
development and distribution. The equipment which permits 
the taking of these ultra-high-speed moving pictures of oil 


sprays consists of three major parts: the spray-production appa- a 
ratus, the spray-illumination apparatus, and the spray-recording i" 
apparatus. 

The spray-production apparatus is shown in Fig. 1. It in- 4 
cludes a high-pressure hydraulic hand pump with which the me 


oil is pumped to the test pressure in an oil pressure tank; a 
timing valve which controls the oil discharge from the oil 
pressure tank to the injection valve, and a spray cut-off valve 
which controls the period of injection. A camshaft is pro- 
vided to operate the timing and cut-off valves and to control 
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the speed of operation. The camshaft is driven at the required 
test speed for one revolution by a special clutch and disen- 
gaging mechanism, thus producing only one spray. An initial 
pressure-control valve permits the investigation of various 
initial pressures in the injection tube. Injection valves are 
used which permit the investigation of various stems, nozzles, 
and operating pressures. A spray chamber with large optical- 
glass windows is used which permits both the observation and 
photographing of the spray when injected into any selected 
gas. The gas may be under pressure up to 600 Ib. per sq. in 
The spray chamber is designed to permit the study of mechan- 
ically and hydraulically operated injection valves, and of sprays 
up to six inches in length. Usually only single sprays are 
injected into the spray chamber for study with this apparatus. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


as to their peculiarities and general contour. The point of 
cut-off may be established as noted above. Phenomena occurring 
after cut-off, such as dribbling, secondary discharges, low penc- 
tration, and twisting of the spray, may be studied. The rela- 
tive atomization for different sprays may be estimated. The 
shape, position, and possibly the causes of the small clouds of 
oil particles thrown out from the main spray, as shown particu- 
larly in Fig. 6, may be investigated. The importance of such 
irregularities in oil sprays should not be underestimated as 
they may readily become the foci of ignition. 

The spray images on the film may be measured, and, since the 
photographie reduction and speed of the film are known, the 
penetration may be plotted against time. From such penetra- 
tion-time curves the velocity and deceleration of the spray tip 
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The spray-illumination apparatus is shown in the right half 
of Fig. 2. It includes a 100,000-volt transformer and kenotrons 
with which to charge 25 large-capacity condensers, and a large- 
diameter, motor-driven, rotary distributer switch which per- 
mits the charging and discharging of the condensers in sequence 
up to a rate of about 4000 per second. A reflector is provided 
to focus the high-intensity sparks from the condensers upon 
the spray. A master condenser switch, which is operated 
by the spray-control camshaft, coordinates the occurrence 
of the sparks with the occurrence of the oil spray in the spray 
chamber. The duration of each electric spark is less than one 
millionth of a second, so that even though a spray may be 
traveling with a velocity of 500 ft. per sec., the resulting spray 
image on photographic film is sharp and well defined. 

The spray-recording apparatus is shown in the left quarter of 
Fig. 2. It consists essentially of a large-aperture, high-grade 
photographic lens for focusing the spray image upon a photo- 
graphic film, a film drum which rotates the film at high speed, 
and a light-tight camera box enclosing the lens and film drum. 
The speed of the film past the lens may range up to 300 or more 
feet per second, the speed being adjusted to obtain sufficient spac- 
ing between the spray pictures to prevent overlapping. 

A reproduction of a photographic record of a medium centrif- 
ugal oil spray obtained with the N.A.C.A. spray-photography 
apparatus is shown in Fig. 3. The penetration in inches for 
various times after the start of injection may be measured from 
the ordinate and abscissa scales given. The start of cut-off is 
marked. The spray near the injection valve immediately follow- 
ing cut-off has little penetrating power and tends to mask the 
cessation of injection in this record. The cut-off, however, is 
controlled by mechanical adjustment and may be checked 
by inspection of records of sprays injected into air at atmospheric 
pressure such as are shown in Figs. 4 and 6. 

A considerable amount of information may be obtain from 
these photographic spray records. They may be studied visually 


may readily be computed. The spray-cone angle may be 
measured, and, by summing the volumes of a number of disks 
into which the spray may be divided, the volumetric growth 
of the spray may be approximately determined. By making 
other tests in which many sprays are caught in a container and 
weighed, the quantity of oil in one spray may be computed 
If the volume of a spray at cut-off be divided by the volume of 
the oil injected, the resulting figure gives the number of times 
the liquid-oil volume has been made to increase by injection 
and atomization under any particular set of conditions. Such 
data provide a direct measure of the distribution of oil sprays. 

The N.A.C.A. spray-photography apparatus is equipped to 
study either mechanically or hydraulically operated injection 
valves. The effects of injection pressures up to 12,000 lb. 
per sq. in. and of spray-chamber gas pressures up to 600 Ib. per 
sq. in. are investigated. Different fuels have been employed 
and several gases at various pressures in the spray chamber 
have been used in studying the effects of fuel characteristics and 
of gas density on sprays. Several designs of injection valves, 
and various stems, nozzles, and injection tubes have been 
investigated in determining the effects of injection-valve and 
injection-system design. 

Several investigations on the various characteristics of oil 
sprays have been completed to date. These can only be met- 
tioned briefly. The first research determined the discharge 
characteristics of a mechanically operated injection valve with 
a 0.0155-in. round orifice. Diesel oil was discharged through 
this orifice at pressures up to 8000 Ib. per sq. in. into air at atmos 
pheric pressure and into nitrogen at pressures up to 300 lb 
per sq. in. The results have been published in terms of spray 
penetration, velocity, and deceleration in N.A.C.A. Report 
No. 222 (42). 

Fig. 4 shows a set of reproductions of photographs similar ‘ 
those taken in the first research. These oil sprays were obtained 
by discharge through a 0.022-in. round orifice installed in an aut 
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matic injection valve, and are much like those published in 
N.A.C.A. Report No. 222. The high rate of penetration for injec- 
tion into air at atmospheric pressure and the appearance of this 
spray should be noted, as they illustrate the manner of its develop- 
ment and provide a means for visualizing one’s oil sprays when 
observing them in the air. The pronounced decrease in pene- 
tration, the increase in spray cross-section, the small irregularities, 
and the appearance of greater atomization of the sprays injected 
into air at 200 or more pounds per square inch indicate some 
of the effects of a dense gas. The penetration-time curves for 
the 0.0155-in. orifice used in the first research, for injection 
pressures from 2000 to 8000 lb. per sq. in. and for spray-chamber 
gas pressures up to 300 lb. per sq. in., are reproduced in Fig. 5. 

The second research determined the factors affecting the 


air. Had these sprays been observed only for the case of 
injection into air, it might have been assumed that their shape 
would remain the same when injected into an engine cylinder. 
This assumption would probably result in a misfit between the 
spray and combustion chamber, and consequently in inferior 
engine performance. 

The variation of penetration and spray-cone angle for different 
amounts of centrifugal force applied to the oil in the jet are 
shown in Fig. 7. The better maintenance of penetration for the 
sprays produced by high centrifugal force, even when injected 
into air at 400 lb. per sq. in. pressure, is shown by the two pene- 
tration curves. 

Fig. 8 shows the effect of centrifugal force on spray distri- 
bution. A non-centrifugal spray was found to have about 
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exact reproducibility of oil sprays and the phenomena of second- 
ary discharges after cut-off. The results have an important 
bearing on the smooth and reliable operation of oil engines, and 
have been published in N.A.C.A. Report No. 258 (43). 

The third research determined the effects of the several factors 
that control the efficiency of discharge, atomization, and distri- 
bution of centrifugal-type injection valves. The results are 
given in terms of spray penetration, velocity, volume, and dis- 
tribution as controlled by the diameter and length of the orifice, 
the position of the seat, and the area and pitch of the centrifugal 
grooves. 

Fig. 6 shows a series of reproductions of photographs taken of 
a high-centrifugal-force spray. The sprays were produced 
by passing the oil through 23-deg. helical grooves, turned on 
the end of the valve stem, just before its discharge through a 
0.040-in. orifice. The relatively low penetration and large 
spray-cone angle for the case of injection into air at atmospheric 
pressure are noteworthy for comparison with the non-centrif- 
ugal sprays of Fig. 4. It may be observed that this spray 
appears to be hollow and very well atomized. Cut-off has 
taken place between the fifth and sixth pictures. The advance 
of the end of the spray is slow, thus giving evidence of the low 
penetrating power of atomized oil when not driven forward by 
the continuance of the jet. 

The great value of photographic spray records is evident on 
inspection of the sprays for the case of injection into dense 


500 times the volume of the liquid oil in the spray 0.004 sec. after 
its appearance at the nozzle. When centrifugal force was ap- 
plied to the jet under similar test conditions the spray could be 
distributed throughout a volume about 1000 times that of 
the liquid oil. This increase in distribution is obtained at the 
expense of some penetration, but the better mixture obtained 
with the air, and the finer atomization, aid combustion at the 
higher engine speeds. The results of the complete investigation 
are published in N.A.C.A. Report No. 268 (23). 

The fourth research determined the effects of the viscosity 
and specific gravity of the fuel used on spray characteristics, 
and of the injection of Diesel-engine fuel oil into nitrogen, car- 
bon dioxide, and helium at various pressures. 

The effects of fuel characteristics on sprays were studied by 
injecting gasoline, kerosene, Diesel-engine fuel oil and a furnace 
fuel oil through the same injection valve into nitrogen in the 
spray chamber under the same test conditions. The specific 
gravity of these fuels ranged from 0.70 to 0.90. It was found 
that the penetration increased with specific gravity, but there 
was a corresponding decrease in the spray-cone angle and in 
the distribution. These results and the pronounced effects of 
high centrifugal force on the penetration, spray angle and dis- 
tribution of sprays produced with these four fuels are shown 
in Fig. 9. 

Although unconfirmed by engine tests, the advantages of 
increasing the distribution of heavy-oil sprays by means of 
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centrifugal force are clearly indicated by comparisons of the 
data for non- and high-centrifugal injection. While the pene- 
tration for the 0.90 specific gravity fuel decreased from 7.4 
in. after 0.004 sec. to 5.45 in. with the application of cen- 
trifugal force, a decrease of 26.3 per cent, the distribution 
increased from 460 to 980, an increase of 113.0 per cent. Under 
the same conditions the penetration of gasoline decreased 33 
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(Injection valve No. 7; orifice diameter, 0.022 in.; injection pressure, 
8000 Ib. per sq. in.) 

per cent with the application of centrifugal force and the dis- 

tribution increased only 83 per cent. 

The penetration of Diesel-engine fuel-oil sprays injected into 
nitrogen, carbon dioxide, and helium are shown in Fig. 10. 
This graph gives cross plotted data from several tests such as 
are presented in the insert. Since the experimental data lie 
on smooth curves when plotted against absolute gas density, 
oil-spray characteristics are dependent upon this factor rather 
than upon the gas pressure only. The data show that the 
effects of gas viscosity are negligible. A report is being prepared 
on the complete investigation. 

A fifth research is nearly completed on the factors controlling 
the occurrence and velocity of pressure waves in injection 
systems for a large range of conditions, and the program for a 
sixth research on the factors controlling the exact action, injection 
lag, operating pressures, and fuel-delivery rates of injection 
valves is being formulated. Reports on these investigations 
will be published in the future. 

By means of such photographic records of fuel sprays produced 
by various injection-valve designs, different fuels, and different 
pressure conditions as are presented in this paper, and by means 


of the graphs developed from them the characteristics of sprays 
for oil engines may be studied from many viewpoints, and the 
injection of fuel into the cylinders of high-speed engines perfected 
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The paper deals with details of design and manufacture of parts 
of fuel-injection pumps, such as plungers and their bushings, and 
check valves, which must be made with greatest precision in order to 
permit the injection of an accurately metered amount of oil and to be 
tight against high pressures. Results of tests to determine the 
length of bushing necessary to prevent leakage around a plunger are 
reported and show that this need be much less than is usually specified. 
The characteristics of materials from which such parts can be 
manufactured are also given. It is suggested that the parts consid- 
ered may be easily standardized with benefit to the oil-engine manu- 
facturer. 


HE difficulty in meeting the fuel-injection requirements 

of the modern high-speed oil engine is ever before the 

Diesel-engine designer. The need for extreme accuracy 
in certain parts of the fuel-injection system is keenly realized 
when it is considered that a four-cylinder four-cyele oil engine 
rated at 50 hp. at 1200 r.p.m. and consuming 0.5 Ib. of fuel per 
horsepower-hour under full load will require the injection of 
but 0.00017 lb. of fuel per impulse. This corresponds to ap- 
proximately 0.0055 cu. in. or 0.0327 ce. The time allowed for 
completing the injection of this amount of fuel is frequently 
not more than !'/.4 of one second. An error in metering of 
0.000017 Ib. per impulse will cause one cylinder to carry 10 per 
cent over or under its proper share of the load. 

When flexibility of engine performance is considered it is 
realized that with the engine idling, the indicated brake horse- 
power would probably not exceed 5 for which the normal fuel 
charge per impulse would be about 0.000017_lb. and from which 
a variation of 0.0000017 would represent an error of 10 per cent. 

It is readily appreciated that when such exactitude is main- 
tained throughout the entire range of engine performance the prob- 
lems of the Diesel-engine designer are at least paralleled by 
those of the artisan who must produce the fuel-injection system. 


CoorERATION BETWEEN DESIGNERS AND BUILDERS 


In a number of respects it is the author’s opinion that de- 
signer and builder have been slow to cooperate to their maximum 
advantage. For example, the author remembers seeing a fuel 
pump of European design in which four plungers were to be fitted 
and lapped into four holes in the fuel-pump block as were also 
the suction and discharge check valves and bypass valves. An 
accident to one of these fitted holes would therefore mean either 
scrapping of the entire block or the fitting of an oversize plunger 
or valve. To make such a block of hardened material would be 
an economic if not a mechanical impossibility, as would also the 
making of such a block of stainless or corrosion-resisting material. 
All three requirements, interchangeable precision parts, sufficient 
hardness, and resistance to corrosion, are vital to the successful 
manufacture and marketing of oil engines under conditions now 
existing in the United States. 

In another instance an American manufacturer requested a 
quotation on lapped valve stems of */s in. diameter, and, in order 
to make a tight fit against the pressure employed, specified a 
lapped bushing 6'/. in. in length. Such an instance would not 
be cited except that it is typical of Diesel designers to specify 
a length of lapped fit which is longer and more expensive than is 

' Chief Engineer, Ex-Cell-O Tool & Mfg. Co. Mem. A.S.M.E. 

Presented at the First National Meeting of the A.S.M.E. Oil and 
Gas Power Division, The Pennsylvania State College cooperating, 
State College, Pa., June 14 to 16, 1928. 
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required to secure perfect tightness. This makes the parts more 
expensive to manufacture than is necessary. Frequently the 
excessive length of the fitted parts defeats its very purpose 
through inability to make both hole and plunger perfectly straight 
and necessitating a poor fit in order to obtain a free motion of 
the parts. 

RESEARCH ON PLUNGER BUSHINGS 


The results about to be reported are not presented as an ex- 
haustive research but simply to show 

1 That straightness and roundness and a very small dif- 
ference in diameter allows free mechanical motion; 

2 That the length of carefully fitted parts has little to do 
with their tightness against air pressure or light oils (i.e., kero- 
sene); 

3 That it now seems that the length specified for fitted 
parts to prevent leakage at high pressures need not be greater 
than that required for mechanical purposes. 

To demonstrate these facts the following pieces were prepared 
(See Fig. 1): 

A_ A bushing of hardened steel; 

B A plug gage; 

CA plunger; 

A second plunger. 

The important dimensions of the above are shown in Fig. 1. 
Checking up the clearances it is found that the difference be- 
tween the minimum hole (0.87604 in.) and maximum gage 
(0.87607 in.) shows the gage to have a negative clearance or press 
fit of 0.00003 in., yet the gage can be wrung through the bushing 
by hand. The minimum clearance between the bushing and 
plunger C therefore becomes the minimum bushing diameter 
0.87604 in. minus the maximum plunger diameter of 0.87608 in., 
or a clearance of 0.000032 in., while the minimum clearance 
between the bushing and plunger D is 0.000036 in. 

It can be seen that either plungers C or D fit very freely in 
A so long as relative motion is maintained but when the air 
film which exists between plunger and bushing is destroyed by 
side pressure, these wring together as would the plane surfaces 
of two gage blocks. 

The inspection test of the author’s company for production 
fuel-pump plungers and bushings designed for delivering lightest 
oils against highest pressures is that when clean and dry they 
must be mechanically free to relative movement and when 
assembled an air pressure of 85 lb. per sq. in. applied at one end 
while the opposite end is submerged in water at atmospheric 
pressure, will not produce more than four well-defined bubbles 
of leakage air per minute. 

Plunger C with bushing A makes an acceptable combination, 
while plunger D with bushing A would be rejected. The dif- 
ference between the maximum diameters of C and D is only 
0.000004 in. 


Errect oF LENGTH OF Fitrep Portions oN LEAKAGE 


To determine the effect of the length of the fitted portions 
upon the amount of air leakage, the air-pressure test was per- 
formed upon bushing A and plunger C assembled together but 
with C partially withdrawn from A. The point of rejection 
(four bubbles of leakage air per minute) was not reached until 
only 1'/2 in. of C remained surrounded by A. 

With reference to the leakage between bushing A and plunger 
C when only 1'/2 in. of C remains surrounded by A, it seems sig- 
nificant that the increase in diameter of A coincident with the 
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Fie. 1 Dimensions or Test PLUNGERS AND BuSHING 


decrease in diameter of plunger C in its partly withdrawn position 
increases the minimum clearance to 0.000036 in., under which 
condition plunger D with bushing A shows substantially the 
same leakage. The author is inclined to attribute the increased 
leakage (of compressed air) to the increased clearance rather 
than to the decreased length of the telescoped diameters. 

It is realized that viscous oils under the circumstances de- 
scribed will perform very differently from compressed air, though 
not sufficiently differently to warrant attempting to substitute 
“length of plunger and bushing”’ for “precision of fitting’’ as a 
measure to prevent leakage past fuel-pump 
plungers. Y 

To determine the relation between rejectable 


air leakage and the leakage of light oil, A and C 
were dried and again assembled in the vertical po- 
sition with only 1'/2 in. of their lengths coin- 
ciding. The volume of A not occupied by C 
was filled with kerosene. At the end of thirty 
minutes standing at atmospheric pressure 
no leakage whatever was apparent. Air pres- 
sure at 85 lb. per sq. in. was then applied on top 
of the kerosene. At the end of three minutes 
sufficient kerosene had leaked to form a barely 
noticeable fillet where C entered A, but this 
fillet had not become sufficiently heavy to cause 
a drop to run down the plunger C until 32 min. 
had elapsed (one hour and two minutes after 
placing the kerosene and 32 min. after applying 


per minute. At the end of 1000 strokes the amount of leakage 
was not noticeably greater than it was when the parts wer 
stationary. The test was discontinued. Observation of similar 
parts in service indicates that the leakage of fuel oil under op- 
erating conditions is not greater than under the continuous 
pressure mentioned above. 

It should here be mentioned that minimum leakage past 
pump plungers plus perfect mechanical freedom of the parts 
when cleaned and dried is not the only criterion for successful 
fuel-pump plungers and bushings as parts exhibiting these satis- 


a pressure of 85 Ib. per sq. in.). 
To determine the effect of relative motion —" 

(reciprocation) between A and C with 1'/, in. of 

length coinciding and with kerosene at a pressure 


of 85 lb. per sq. in., plunger C was reciprocated 


in A with '/,in. strokes at the rate of about 300 Fig. 2 
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factory characteristics are not necessarily proof against galling 
and sticking in service. Sufficient leakage must be allowed to 
keep the parts bathed with a film of fuel, even though fuel oil 
has little lubricating value. The clearance must therefore be 
increased— 

| As the working pressure of the pump is decreased 

2 As the stroke of the pump is increased 

3 As the speed of the pump is increased 

{ As the gravity of the fuel is increased 

5 Slightly as the diameter of the plunger is increased. 

At some future time sufficient reliable data will have been 
compiled to permit an equation of the general form 

C= 

to be evolved, in which 

C = clearance required between plunger and bushing 

K = a constant 

H] = the product of the length of the stroke by the number of 

strokes per minute 


G = gravity of the fuel oil 
D = diameter of the plunger 
P = pressure delivered. 


Errect OF DEesIGN ON Cost oF Parts AND ENGINE MAINTENANCE 


In order that all parts requiring precision workmanship or 
replacement in service shall be adapted to American manufac- 
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turing and servicing methods, it is desirable that the parts, or at 
least the individual assemblies, shall be interchangeable. The 
following circumstances make this practice almost imperative: 

| Precision parts such as plunger bushings, valve guides, 
check valves, injection nozzles, etc. can almost invariably be 
put on production basis; 

2 Frequently by careful standardization the same parts 
can be made applicable to engines of widely varying sizes; 

3 Such parts can be hardened where otherwise impracticable; 

4 Such parts can be made of corrosion-resisting material 
which might not otherwise be feasible; 


5 Parts (especially check 
valves), can be quickly replaced 
when necessary and overhauled at 
the operator’s convenience; 

6 Parts can be tested before 
installation, minimizing engine 
shutdown time. 

That the design of fuel-injection 
details has decided effect on dif- 
ficulties at assembly and in service 
is shown by the following: 

Fig. 2 shows a_ fuel-pump 
plunger (1) and fuel-pump-plunger 
bushing (2) of the design com- 
monly called a_ collar-mounted 
plunger bushing, as the bushing 
is held on its gasket by the pres- 
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sure of nut (3) on an enlarged di- 
ameter or collar which is a part 
of the plunger bushing. 

The advantage of this construc- 
tion is that proper seating of the 
plunger bushing on its gasket is 
less sensitive to inaccuracies in 
boring the gasket seat and tapping 
the thread square with the axis 
of the hole. However, it is im- 
portant that the plunger bushing 
should be counterbored or relieved 
throughout that part of its inside 
diameter which lies below the 
lower edge of the collar, shown . 
dotted in Fig. 2, as the setting up e 
of any compressive stress in the vy 
plunger bushing after it has once S 
been accurately fitted to the 8 
plunger will result in a distortion 9 
of the inside diameter of the bush- £ 
ing sufficient to cause the plunger * 
to stick. 

Fig. 3 shows a portion of a cross- 
section of another fuel pump of 
which plunger (1) moves in bush- 
ing (2). This is of the threaded 
type. The advantage of this type is the elimination of the neces- 
sity for the nut (3) of Fig. 2. However, care must be exercised 
in making the axis of the tapped hole in the main pump body 
(3), Fig. 3, ecincide with the axis of the plunger, and in making 
the pitch diameter of the thread on the plunger bushing (2) 
substantially under that of the thread in pump body (3), and the 
gasket seat (4) square with both. 

If possible it is also desirable to counterbore or relieve the 
inside diameter (shown dotted) to avoid placing any of the fitted 
portion of bushing (2) under compressive or torsional stress. 
When this cannot be done on account of other conditions, it is 
necessary to lap plunger (1) and bushing (2) together, while 
bushing (2) is screwed into a block under conditions similar to 
those under which it will operate when finally assembled in pump 
body (4). Even when this is done difficulty may still be ex- 
perienced unless all threads have been held reasonably square 
with the gasket seats. 

Fig. 4 shows check valves in various combinations as suction 
valves, discharge valves, back-flow valves, or bypass valves. 
By making these of hardened steel the seat may be worked at high 
unit pressures without wear or distortion through hammering. 
Frequently valves of one given design may serve several pur- 
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poses in the same pump, thus simplifying the list of replacement 
parts to be carried in stock. 

One commonly used type of bypass or cut-off valve is illus- 
trated in Fig. 4, of which (1) and (2) represent the fuel-pump 
plunger and its bushings, (5) and (6) represent the suction check 
valve, while (3) and (4) enable the raising of detail (5) from its 
seat, thus bypassing any remaining displacement due to the 


tion fuel nozzle for which a suggested redesign has been shown 
in Fig. 6a. The fuel nozzle in Fig. 6 uses a soft packing, while 
in Fig. 6a it is redesigned to employ a lapped bushing and plun- 
ger. A somewhat similar though not identical application of a 
lapped valve stem and bushing applied to air-injection fuel nozzles 
has been in operation for approximately eight months without 
complaint of any kind and while the manufacturer is not read) 
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uncompleted stroke of (1), and allowing this discharge to be re- 
turned into either the suction channel or a separate bypass 
channel. 

Fig. 5 shows a spring-loaded fuel-injection valve, the stem of 
which is lifted by the hydraulic pressure of the fluid. This valve 
also involves a lapped stem and bushing with the additional re- 
quirements of accurate concentricity and precision fits in order 
that the nozzle tips may be made interchangeable without the 
necessity for regrinding the valve seats at each exchange. The 
drilling of the small holes which often are as small as No. 76 
(0.020 in.) is also an operation which calls for special equipment 
and a considerable degree of skill. Fig. 6 shows an air-injec- 


to commit himself as to whether such a design should be adopted 
as standard, the design does have simplicity and freedom from 
parts that would require frequent replacement or adjustment. 
As shown at the bottom of Fig. 6a, the fit is lubricated and 
sealed with the fuel oil, and inasmuch as the pressures encountered 
are much less than they are in ordinary fuel-pump applications, 
especially for solid-injection engines, it would seem that this 
construction might be given consideration by builders of air-in- 
jection engines. 


MATERIALS OF CONSTRUCTION 


It is required that details of fuel pumps be made of materials 
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that can be worked to the required degree of precision, usually 
by grinding or lapping processes. The materials after finishing 
must offer great resistance to wear and preferably exhibit con- 
siderable resistance to corrosion. 


UNHARDENED TOoL STEEL 


Unhardened tool steel takes a beautiful finish, but has come 
under the suspicion that it is subject to galling. However, in 
defense of the material, it should be mentioned that at the early 
date at which this difficulty was encountered, plungers were 
being fitted more tightly than has later been found necessary 
to prevent leakage. This material is also subject to the objec- 
tion that it is actively corrosive in the presence of impurities 
which are found in many fuel oils. 


HARDENED TOoOoL STEEL 


Hardened tool steel has characteristics similar to those of 
unhardened steel except that in the hardened state few difficulties 
with galling have been experienced and these seem traceable to the 
presence of foreign material such as emery, carborundum, or 
other abrasives needlessly admitted at assembly. 


STAINLESS STEELS 


Many of the stainless steels contain such a high nickel content 
that it is impossible to harden them. Steels of this character 
have not been tried for fear that difficulty with galling might be 
encountered. 

Not many brands of corrosion-resisting steel capable of being 
homogeneously hardened are available. The price seems ex- 
orbitant, and the material is machinable only with considerable 
difficulty. In a standard 20 per cent salt-spray test in which 
cast iron, tool steel, nitride hardening steel, and hardening stain- 
less steel were present, all samples showed very noticeable corro- 
sion at the end of one hour. However, the sample of stainless 
hardening steel was less affected than the others, and upon wip- 
ing off the corrosion with a 10 per cent muriatic acid solution 
it was found that the polish on the parts had been barely per- 
ceptibly etched, which could not be said of the other samples. 
Although many thousands of pump parts made from hardened 
stainless steel have been in service for approximately two vears, 
no reports of any difficulty with corrosion have been received, 
and the galling by which some parts have failed is believed to 
have been caused by preventable abrasive dirt. 


NITRIDE HARDENING STEELS 


A steel known as nitride hardening steel which takes an ex- 
tremely hard surface when treated at the relatively low tem- 
perature of approximately 900 deg. fahr. in the presence of am- 
monia is understood to have been developed originally by the 
Krupp interests in Germany. This steel, it is claimed, offers un- 
usually high resistance to corrosion and may, when more univer- 
sally available and more uniform in quality, become a contender 
as a material for fuel-pump parts. When properly hardened, 
it seems to be sufficiently non-corrosive. 

PLUNGER BusHINGs 

Plunger bushings of ordinary close-grained cast iron have worked 
satisfactorily, except that special precautions must be taken 
against allowing them to become charged with the abrasive 
while lapping. Cast iron also offers no protection against corro- 
sion; and considerable labor may be expended on a part before 
learning that it is unsuitable on account of porosity. These 
difficulties argue against the choice of this material. Experi- 
mentation is in process with cast iron hardened by various methods 
and With certain cast-iron alloys in which the density can be 
increased and some protection from corrosion obtained. These 
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experiments are prompted, however, more by the motive of 
reducing the cost of the material required than that of obtaining 
a material having greater freedom from operating difficulties 
than the hardening corrosion-resistant steel previously men- 
tioned. It is also probable that neither cast iron nor cast-iron 
alloy will be found suitable for such parts as bypass or check 
valves on account of the difficulty in obtaining a narrow seat 
sufficiently free from pores to be certain of freedom from leakage. 
From the foregoing it is seen that many problems encountered 
in the field of design, choice of materials, and methods for 
economically manufacturing interchangeable parts are yet to be 
solved. 

Neglecting entirely the hydraulic phenomena which are a 
problem of the Diesel designers and confining ourselves strictly 
to the problems of the Diesel-engine manufacturer, let us give 
brief attention to the three phases of the problem that has just 
been outlined. 


Design OF OPERATING Parts Must Prevent LEAKAGE 
Hyprav tic Pressure 
Little is known of the length of lapped or fitted telescoped 
concentric cylinders required to prevent hydraulic leakage while 
allowing axial mechanical motion and the variation of this length 
with the diameter of the plunger or stem; nor of the variation 
of this length with the pressure under which the parts are to be 
operated and the variation of length with the grade of fuel to 
be handled; nor of the effect of the length of stroke upon the 
clearance between the plunger and the bushing. 
Investigation should be made of the precision of fit required 
under the varying conditions outlined above. 
Investigations should be made of methods of mounting or 
assembling the parts which would permit of the minimum total 
cost when considering 


1 Original cost of manufacture of parts 
2 Length of life of the parts 
3 Convenience of making service replacement of parts. 


Investigation should also be made of the choice of materials 
which have the necessary resistance to corrosion, resistance to 
mechanical wear, and freedom from distortion through relieving 
of internal stresses after the manufacturing operations have been 
performed. After these requirements have been met it will be 
necessary to choose materials of minimum cost, having the 
most favorable machining and processing properties. 


STANDARDIZATION 


The analysis of any number of fuel-injection pumps will show 
that they consist essentially of certain plungers and bushings, 
bypass valves, check valves, and other precision parts on which 
the proper functioning of the pump depends. It is true that the 
mechanism for operating these parts, the form of the principal 
parts in which the precision details are mounted, the location 
and method of driving the pump, ete. will probably always 
differ widely, as long as oil-engine designers retain their indi- 
vidualities. However there is hardly an oil engine built today 
which, by the making of certain very simple changes, would not 
permit the application of standard precision details of the kind 
which have been under consideration in this paper. 

Were these details so standardized, the combined volume of 
the precision details required as the number of oil engines manu- 
factured continues to increase would uncover a sufficient volume 
of business to be of interest to manufacturers who are suitably 
equipped for economically manufacturing these specialities. 
The resulting competition should insure the Diesel-engine manu- 
facturers of a higher grade of fuel-pump parts at a much lower 
cost. 
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Discussion 


R. L. Boyer.? Aside from the fuel system, a Diesel engine is 
essentially a reciprocating machine designed for high pressure. 
However, the fuel system presents a unique problem. A well- 
designed injection system can often make a good engine of a poor 
one, and a poor injection system frequently is the cause of troubles 
not thought of as being connected with it. The fuel system is 
really the heart of the engine, whether air- or solid-injection. 

With the increased use of sulphur fuels, it has become almost 
necessary to provide each valve with a removable seat, for fre- 
quent grinding to the pump body is necessary, and eventually the 
body itself must be replaced. 

Although the time may never come when all Diesel builders will 
agree on one design of fuel system there is no reason why individ- 
ual fuel-pump parts cannot be standardized. Few oil-engine 
builders are equipped to handle such small and extremely accurate 
work, and the comparatively small number of these parts to be 
made does not justify the necessary equipment. The cost of such 
parts, when standardized, is reduced 50 per cent or more, due to 
increased volume. 

Spare parts, as well as parts for a new pump, can be ordered 
from the specialist by his drawing number and from his stock 
room. The specialist can effect research on materials and in 
other ways in which the engine builder cannot spend so much 
time. All manufacturers doing business with the specialist would 
receive the benefits of these investigations, and this is a step to- 
ward cooperative research. 


W. F. Joacuim.* The economic aspect involved when each 
Diesel-engine builder makes all of the specialized engine parts is 
important as it means an outlay of costly precision-tool equip- 
ment and expensive labor without the opportunity for actual 
quality production. In the automotive industry many of the ac- 
cessories are constructed by accessory manufacturers, who special- 
ize on and produce such parts as spark plugs, magnetos, carbure- 
tors, generators, and starting motors more economically than the 
car builder. If Mr. Alden will explain how he makes his pump 
plungers, how the accuracy of the holes in the bushings is insured, 
state the minimum diameters to which he can operate the internal 
grinding process, and give the effect of using various steels and 
heat treatments, I believe it would be of considerable interest. 
No one has attempted to measure the actual clearance between 
pump plungers and bushings before, so that a description of how 
this is done is of interest. The cost of making long tool-steel parts 
goes up very rapidly with increase in length, and anything that 
can be done to decrease the actual length of fuel-pump plungers 
and bushings without increasing the leakage will be economi- 
cally important. An investigation of the effects of the length and 
clearance of pump plungers and bushings and of the extent to 
which they may be varied with the viscosity and pressure of the 
oil, the amount of movement of the plunger, and the rate of move- 
ment should be encouraged, as much valuable data would be ob- 
tained. 

Some of the methods used by the National Advisory Committee 
in its experimental pumps may be of interest. The parts are 
usually made of a high-grade tool steel, the bushing being with a 
male jig and the plunger with a female jig. The fit is deter- 
mined by lubricating the plunger and bushing with a high-grade 
vaseline, attaching a spring scale, pushing the plunger in and 
pulling it back by means of the spring scale, the amount of force 
that is registered on the spring scale on the return movement de- 


2 Diesel Engineer, The C. & G. Cooper Co., Mount Vernon, Ohio. 
Mem. A.S.M.E. 

3 Mechanical Engineer, National Advisory Committee for Aero- 
nautics, Langley Field, Va. 


termining the fit. A close-lapped fit requires a 5- to 10-lb. pul! 
with slow relative motion. 

We have also used the packed bronze bushing and steel plunger 
without leakage. Where high pressures have been developed, 
ranging from 4000 to as high as 15,000 and 16,000 lb. per sq. in., 
we find that as the injection pressure is increased above 8000 |}. 
the rate of leakage from this type of plunger increases. The 
rate of leakage depends upon the thickness of the shell and upon 
the actual design. If the fuel gets in between the plunger and its 
bushing at high pressure, it will tend to travel down the clearance 
space, and if pressure exists between plunger and bushing, it is 
going to expand the bushing and compress the plunger. If the 
bushing is thin, it will expand it a great deal. If it is thick, it will 
expand it; but the large amount of metal around it will prevent 
measurable external increase in diameter of the bushing and wi! 
only permit compressibility of the metal itself. To get around 
that condition in some of our high-pressure work we have de- 
signed a bushing which extends into the high-pressure chamber, 
the high-pressure joint being made at the outer end of the bushing 
so that the hydraulic pressure is permitted to flow around the out- 
side of the bushing. We have not varied the shell diameter in 
such a case, and we have not varied the length of lapped fit, but 
we have obtained continuous leakproof operation. 

In regard to other pump parts, such as the check valves, the 
Committee has used several of the types shown. The design of 
the fluted check valve is used by a good many oil-engine com- 
panies. We have found that in order to make these valves oper- 
ate successfully without leakage it is only necessary to construct 
the width of the seat such that under the hydraulic loads, or the 
spring loads existing, the pressure between the metal at the 
seats is from 4 to 10 times the hydraulic pressure. 

If there is any fuel between the seats of a pump valve so con- 
structed, the high seat pressures, greatly exceeding the hydraulic 
pressure, will force the fuel from between the seats rapidly in both 
directions. The same comment applies to the seats of injection 
valves in general. In connection with the poppet valve of the 
type that Mr. Alden showed, and which a good many companics 
are using, I might state that one of this type has been repeatedly 
stressed to pressures around 40,000 lb. per sq. in. in an experimen- 
tal pump and has given successful service without regrinding, re- 
lapping, or attention of any kind for the past five years. I feel 
that standardization of such parts and their manufacture by a 
company fitted to do that kind of work will be an economic gain to 
the oil-engine industry. 


H. D. Hitu.t The plea for standardization of fuel-injector 
parts holds a solution of a vexatious problem. The average 
engine factory does not include the precision machinery and 
trained personnel essential to the production of injector parts of 
the necessary accuracy in sufficient volume to reduce the cost to 
reasonable limits. Therefore, if standard designs for plungers, 
bushings, and valves in three or four sizes or enough to cover the 
field could be adopted, it seems that specialists would find it pro!- 
itable to supply the demand with greater accuracy and lower cost. 

Fig. 2 in Mr. Alden’s paper illustrates the type of bushing we 
advocate, but we favor dropping it into the housing from above and 
holding it down on a shoulder by means of a threaded plug, which 
may also secure the discharge valve in a manner similar to that 
illustrated in Fig. 4. This would avoid ground or gasket joints 
under pressure between the bushing and housing, simplify the 
machine operations on the part, and reduce the area of the gasket, 
which would then rest on top of the bushing. We have made 
extensive service tests to determine the necessary length of fitted 
portions of 7/,-in.-diameter plungers and bushings and have 
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obtained a satisfactory seal of 1500 lb. pressure with 24 deg. B. 
caloil and an effective length of seal of only °/s in. at the point of 
maximum pressure. The length of the stroke used was 3/, in. 
and the speed 600 strokes per min. Both plunger and bushing 
were of hardened steel. Our conclusions are that the fitted length 
is determined by the requirements of safe guiding of the plunger 
rather than leakage. 


D. O. Barrerr.’ Iam inclined to disagree with Mr. Alden as 
to cooperation between the designers of oil-engines and the 
builders of certain equipment. Mr. Alden seems to feel that oil-en- 
gine designers are inclined to design many of the parts so that 
these cannot be manufactured at a reasonable cost. Many of 
our spray-nozzle and pump parts have been changed directly, 
on recommendation of the builders of this type of equipment, 
much to the engine maker’s sorrow. At times it seems that the 
makers of the smaller equipment are not fully conversant with 
the problems in oil-engine operation, and are prone to look at 
them merely from a mechanical standpoint. 

Several of our pumps were changed from the design in Fig. 2 
to that in Fig. 3, and upon attempting to use the purchased parts 
we found that these all tightened up at the inner end, making it 
impossible to move the pump plunger. These were then relieved, 
as shown, at the upper end with slightly better results, when it was 
again discovered that it was necessary to screw these bushings 
very tightly into a dummy corresponding to the fuel pump, thus 
compressing the metal at the upper end of the bushing, and then 
lapping in the plunger. This method has given fairly good results, 
but there is still a question whether the relief at the upper end of 
the pump plunger should not be eliminated. Any dirt or grit 
which may come into the pump is prone to settle in this relief, and 
consequently is drawn down alongside the plunger, scoring it. 
Were this same material to settle on the top of the plunger bushing 
without the relief, it would simply be pushed off and would not 
come directly in contact with the pump plunger. 

As to the construction of fuel-pump and spray-nozzle bushings, 
we have tried out both the hardened and unhardened tool-steel 
bushings, and in both cases these have galled, and we have now 
standardized on cast-iron bushings. It is true that cast iron is 
apt to retain the abrasive material in the pores, but the solution 
is to secure a metal which shows little porosity. We have had 
good success in making these up in our own foundry, and bushings 
which we have cast were of almost as close a grain as unhardened 
steel bushings. Another point in the fit of the plungers and bush- 
ings is the type of fuel to be handled. With one fuel under our 
observation, unless the plungers are made abnormally loose, when 
the engine is started in the morning one or more of the plungers 
which happen to be left in the inner position at night will not 
return until forcibly pried loose. 

The author’s company is to be commended upon the experi- 
mental work done, but I believe that more consideration should be 
given the work accomplished by practical oil-engine operators, 
since upon this depends the success of the parts rather than the 
purely mechanical construction. 


A. W. Morron.* There are several pertinent subjects that 
confront the representatives of the specialty manufacturer at 
every turn, and I should like to ask the consideration of the engine 
manufacturers on these three subjects: confidence, cost, replace- 
ment. 

As to confidence, the agent of the specialty manufacturer can do 
agreat deal for the engine designer or manufacturer if he can gain 
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his confidence. The agent of the specialty maufacturer has an 
opportunity of travel all over this country and talk to engineers 
and manufacturers of many different makes of engines, and natu- 
rally he will absorb a great deal of information from these various 
visits. This information may sometimes prove very much worth- 
while to the engine designer, and if he would only take the specialty 
manufacturer into his confidence and tell him his troubles, no 
doubt he would find that some one else had had similar troubles 
and how they were overcome. The representative of the spe- 
cialty manufacturer does not have to tell tales and names at the 
same time. More frequently than not he has a store of informa- 
tion which would be of the greatest benefit to the engine designer 
or manufacturer, but he is loath to give this information when it 
does not seem to be wanted. 

If the engine manufacturer is dubious about taking a specialty 
manufacturer into his confidence, it would then seem advisable 
for the engine manufacturer to turn to another specialty manu- 
facturer with whom he believes he can safely trust his secrets. 
It would not be good business for the specialty manufacturer to 
betray the confidence entrusted to him by an engine manufacturer. 

Frequently in my visits around the country I have to call on 
engineers four and five times before I can even begin to obtain the 
slightest recognition of friendship. The time taken to break 
down this barrier of reserve and indifference is time and money 
lost. Why cannot the engine manufacturer consider the specialty 
manufacturer more in the light of a friend who is trying to help 
rather than a competitor who is trying to get some of his business 
away from him? If the engine manufacturer would make contact 
with the specialty manufacturer and give him his confidence, it 
would undoubtedly work to the greatest possible advantage to 
both. 

Cost is a question that needs scarcely to be discussed, for in- 
variably when investigated thoroughly it can be found that the 
specialty manufacturer can manufacture the same parts very 
much more cheaply then the engine manufacturer. However, in 
many cases when the representative of the specialty manufacturer 
calls upon an engine manufacturer, the general manager or pur- 
chasing agent will send for one of his good mechanics, show him 
the part and say, “‘What can you make that part for?’ The 
mechanic naturally wants to make a good impression with his 
boss, and he generally says that he can use such and such an auto- 
matic machine and turn out about ten per day. Little considera- 
tion does he give to the time taken to set up the machine for this 
purpose, and also to the fact that the first few lots going through 
will have to be put through as test pieces and undoubtedly ruined. 
Finally, when the machine is set up and ready to run, the first lot 
will invariably be oversize or undersize and will have to be scrap- 
ped, and no doubt the second lot will have to be rejected on ac- 
count of material; and finally the superintendent of the shop will 
decide to put a more expensive man on the job, and by the time 
the parts are finally finished they will have cost many times the 
selling price of the specialty manufacturer’s article. 

Furthermore, the question of overhead is rarely considered in 
such cases. If all of these items are taken into consideration, 
it will be found that the article will not be as satisfactory as could 
be obtained from the specialty manufacturer, and the cost will be 
greater. 

Replacement is a question that is very frequently overlooked, 
and is very often feared, but without any just reason. The engine 
manufacturer is prone to try to keep all of his business in his own 
shop so that he can control replacements to his own engines. 
He often feels that he can give better service than can the 
specialty manufacturer, but in this case he is undoubtedly wrong. 
The specialty manufacturer has a decided advantage over the 
engine manufacturer when it comes to replacements, because the 
specialty manufacturer can invariably adopt standards for the 
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various parts he has to manufacture, so that many of these parts 
are interchangeable in various engines. Consequently, by means 
of this standardization the part can be manufactured more cheaply 
and a certain stock can be kept by the specialty manufacturer 
that the engine manufacturer cannot afford to keep, and 
therefore the question of service is a point decidedly in favor of 
the specialty manufacturer. Should he not have the exact part in 
stock, he can invariably set up his machines and make delivery on 
these parts far more quickly than can the engine manufacturer. 
In fact, the service performed by the specialty manufacturer can 
undoubtedly beat the engine manufacturer in every conceivable 
way. 

The engine manufacturer often considers that the specialty 
manufacturer will take a lot of replacement business away from 
him which should by right come to the manufacturer of the en- 
gine. In this connection, do you think that the specialty manu- 
facturer is willing to jeopardize the business of the engine manu- 
factures in order to get some of the replacement business on any 
particular engine? I personally think the fear that the engine 
manufacturer has of the specialty manufacturer's getting his re- 
placement business is unfounded. The specialty manufacturer 
naturally wants to get this replacement business, but preferably 
through the engine manufacturer, so that he cannot only hold the 
entire business of the engine manufacturer, but also help him to 
get more replacement business by giving better service. 

A decided step in advance will have been made if the specialty 
manufacturer and the engine manufacturer will get together and 
talk over these problems and decide between them how they can 
help each other keep the replacement business where it belongs, 
namely, to the engine manufacturer; and then in turn the engine 
manufacturer will give it to the replacement manufacturer. 

It is only by this cooperation between the engine manufacturer 
and the specialty manufacturer that this barrier of distrust 


can be broken down, and then both the engine and the specialty 


manufacturer will profit to the greatest advantage. 
C. E. Breck.” 


standardization of parts which will reduce manufacturing costs 
and thus overcome the argument that costs are too high, we 
naturally can sell more engines and thus increase production with 
a still further reduction of manufacturing costs. In some of the 
air-injection engines first installed in the West, corrosion, erosion, 
and wear of the fuel needles became manifest, and more especially 
on crude-oil pipe-line installations. Our former discussion on 
standardization of fuel oil applies to the country in general, but 
in pipe-line work Diesel engines consume a good deal of raw crude, 
taking it directly from the pipe line. Many of the crude oils con- 
tain acid, which manifests itself in the engine by corroding and 
pitting the fuel needles and the fuel-pump plungers and valves. 
Water in the fuel oil and in the injection air has an eroding effect 
upon fuel needles, sometimes tearing them off much the same as 
wet steam tears away the buckets or blading in a steam turbine 
Water in the injection air has been largely eliminated by the use of 
intercoolers and aftercoolers of efficient design, although a careless 
operator may be negligent and not blow them out with sufficient 
regularity to prevent a few occasional globules of water from 
going through to the fuel valve. I visit many 
plants each year and see the parts that become broken, worn, 
Therefore, to manufacture fuel-pump and fuel- 
valve parts for air-injection engines, a material that will resist 
We had rather 
good luck with cast iron originally, but later secured best results 
from cast-iron alloys. 


Diesel-engine 
corroded, ete. 


wear, corrosion, and erosion must be employed. 


7 Busch-Sulzer Bros.-Diesel Engine Co., St. Louis, Mo. 


I am interested in this subject because my time 
is engaged in the sale of Diesel engines, and if we can adopt some 
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European Diesel-Engine Developments 


An Illustrated and Historical Account of Progress in Diesel-Engine 
Design and Application in Europe 
By OLIVER F. ALLEN,! SCHENECTADY, N. Y. 


We I agreed to present this summary of the oil-engine 
situation outside of the United States, I did not realize 
the magnitude of the mass of data which would be available 
and I now find myself confronted with the embarrassing task of 
keeping this paper within reasonable limits and at the same time 
giving typical illustrations and figures presenting a reasonably 
clear picture of what is going on abroad without unduly empha- 
sizing any particular type of engine or the products of any one 
shop or country. 

Out of several hundred excellent pictures 1 have made a selec- 
tion® which should be indicative of what our foreign friends are 
doing and I shall give a few data for the same purpose. 

lhe growth of oil-engine manufacture has been so vast in 
Great Britain and on the Continent that I cannot possibly 
include reference to many important and interesting develop- 
ments. I have time to mention only a few manufacturers and 
their products. I have tried to select those which are typical. 
| am sure that others, faced with this same task, would have made 
a different selection. If some familiar type or make has been 
omitted or only touched upon, please remember that I am only 
trying to sketch a general view of the industry abroad and have 
naturally used the materials which happen to have been available. 

\nd here let me express publicly our great obligation to the 
officials and engineers of the oil-engine builders in Switzerland, 
Germany, Italy, France, Belgium, Holland, Sweden, Denmark, 
England, and other places for their courteous and generous 
response in sending data of what they are doing. I only regret 
that there is not time to give more details, for they are all in- 
structive and interesting. 

This paper will review briefly the history of the Diesel motor. 
lt will then refer to the growth of the industry and touch upon 
what has been accomplished with solid injection, including auto- 
motive work, and with supercharging. The development of 
the double-acting engine will be described, and finally the latest 
tendencies in power station and marine applications will be 
referred to. 


HisTorRicAL SKETCH 


Dr. Rudolf Diesel secured his first patent in February, 1892, 
in Germany, followed by another in 1893. The exploitation 
Was initiated by the Maschinenfabrik Augsburg, now commonly 
called the M.A.N. Licenses were granted in 1893 to M.A.N. 
and Krupp in Germany, and to Sulzer Bros. in Switzerland. 

The next contract was with Carels Fréres of Ghent, Belgium, 
early in 1894. Under this license Carels completed a single- 
cylinder engine in August, 1894. Fig. 1 shows this engine, and 
is Irom a photograph, bearing the endorsements and stamps, 
which was registered for Belgian patent purposes. 

Sulzer’s first engine was produced in 1896. 

The year 1894 is within the memory of most us. The thirty-four 


‘ Manager, Automotive Sales, International General Electric Co., 
Inc. Mem. A.S.M.E. 
__* Colonel Allen showed many more pictures in the presentation of 
‘us paper than it has been found practicable to reproduce.—Ep1Tor. 
Presented at the National Oil and Gas Power Meeting, State 

ollege, Pa., June 14 to 16, 1928, under the auspices of the A.S.M.E. 
Oil and Gas Power Division, The Pennsylvania State College co- 
Operating. 


years that have pased are only the normal span of a generation and 
yet this great oil-engine industry has developed in this short 
period. 

In 1898 the Diesel engine syndicate was formed, called the 
Allgemeine Gesellschaft fiir Diesel Motoren, followed soon by 
the Diesel Engine Company of England. The export of German, 
Swiss, and Belgian engines began about thistime. Mr. Adolphus 
Busch purchased the United States and Canadian rights in 
October, 1897, and the first American Diesel, a 60-b.hp., 2-cylinder 


Fic. 1 First Diese, spy Cares GHEN1, 
BELGIUM, IN 1894 


engine, was completed in September, 1898, by what is now the 
Busch-Sulzer Bros.-Diesel Engine Co. 

Burmeister & Wain, of Copenhagen, Denmark, with long ship- 
building and marine-steam-engine experience, took a Diesel 
license in 1898 and produced their first engine in 1902. 

Atlas of Stockholm started their Diesel engine works in 
1898 and produced two-cycle, direct reversing marine engines 
in 1907. 
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Werkspoor of Amsterdam, 
Holland, took a license from 
M.A.N. in 1902 and built their 
first seagoing engine in 1908. 
aie The development of com- 
mercial engines suitable for in- 
dustrial plants required about 
re nine years, and in 1902 what 
# might be considered reliable 
standard engines were built in 
Europe and in the United 
pe States. At least one produced 


that vear is still in running 
order and was in regular service 
until the fall of 1914. 

“a In 1905 there was an exhibi- 


ss tion at Liége, Belgium, at which 
a Carels 3-cylinder, 500-b.hp. 
EE engine was shown as the largest 
* Diesel engine which had been 
i built up to that time. Its gen- 


erator was direct-connected. 

By 1909 Schneider, the great 
French ordnance firm at Le 
Creusot, had taken a Carels 
license and as they wished to 
build larger engines than then 
existed, the Ghent works made 
in 1910 a 1000-b.hp. single- 
cylinder, 2-cycle, single-acting 
engine 820 X 1000 mm. (32'/, 
< 39'/sin.), at 150 r.p.m. This engine developed full output on 
the test block at Le Creusot but smoked some. So far as I know, 
this was the first 1000-hp. cylinder built anywhere. 

Vickers took a Carels license in 1910 and these two, Schneider 
in France and Vickers in England, started the development of 
Diesels for naval service which has since become so important. 

Between 1900 and 1914 many licenses were granted by Sulzer 
M.A.N., Carels, and others of the original builders. 


Fig. M.A.N. 6-CyLinpen, 4-STroKE 1575 B.Hp. 


At 187 R.p.m. 


The Phelps-Dodge Corporation bought two 1150-b.hp. Carels 
engines in 1913 for their Douglas, Arizona, plant. These sare 
believed to have been the largest oil engines in the United States. 
when they were started in 1914. The Nordberg license followed 
and the large Diesel plants of the Phelps-Dodge properties re- 
sulted. 

Before the World War interchange of engineering data and 
grouping of manufacturing interests in order to give to the 
publie the best pessible prod- 
uct, to the workman steady 
employment at fair wages, and 
to every market, all over the 
world, the product at the lowest 
prices consistent with these re- 
quirements, was unusual. — I! 
is now common practice and 
is being profitably applied in 
oil-engine manufacture by sev- 
eral important international 
groups. Not only is this growth 
of engineering cooperation 
among the nationals of the 
leading powers accelerating im- 
provements and reducing costs 
to the ultimate user, but the 
personal contacts involved are 
a mighty powerful influcnes 
toward World Peace. 

It is a great pleasure to be 
able to emphasize how really 
international this movement Is. 
and to know that the United 
States, Japan, England, and 
the Continental countries are 


Pic. 6-CyLenver, 4-Srroke-CycLe Dinset ENGINE, 700 Hp. at 278 all among those contributing. 
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Another shop which is pro- 
ducing large oil engines on an 
extensive scale is that of the 
A.E.G. at Berlin. 

Space limits the mention of 
many other important plants 
such as Mitsubishi in Japan, 
Tosi in Italy, and the State 
Engineering Works in Moscow. 

The greatest expansion of 
the industry has been in ma- 
rine propulsion with such con- 
cerns as Harland & Wolff and 
Doxford in England, as well as 
several of those already men- 
tioned, taking a leading posi- 
tion. According to the English 
Motor Ship of May, 1928, on 
April 1 of this year there was 
1,333,875 i.hp. of marine Diesel 
engines building. This is about 
100,000 i.hp. more than at the 


Fig. 4 Deutz 1200-Hp. Diese, ENGINE 


It has been my good fortune to be intimately associated with this 
engineering and manufacturing international liaison work during 
the last ten years and | assure you it is sincere, earnest, and 
constructive. The generous responses of our foreign friends with 
data for this address is a concrete evidence of it. 

Dr. Diesel was an outstanding example of the practicability 
of international cooperation. He 
consulted freely and frankly with 
the engineers of the many li- 
censees in Germany, England, 
Belgium, and elsewhere and saw 
all their improvements without 
abusing their confidence or di- 
vulging their secrets, always help- 
ing all of them to advance the 
art. 


GROWTH OF THE INDUSTRY 


In the quarter of a century 
since the Diesel engine became 
commerical a great industry has sprung up. One of the largest 
oil-engine works is Burmeister & Wain’s at Copenhagen, 
employing 8000 men. Their developments have been chiefly 
in the marine field. There are one million horsepower of their 
engines afloat and over half a million building. They have 
engined nearly 300 ships of over 2000 gross tons, all with 4- 
cycle engines. 

The M.A.N. works at Augsburg also employ a large number of 
men and have produced engines of 15,000 b.hp. on a single shaft. 

The Sulzer Works, at Winterthur, Switzerland, with their 
licensees have built more than two and a half million horsepower 
of Diesel engines for stationary plants, for more than 300 ships, 
and for locomotives and railears. Sulzer Bros. employ 4100 
men and during 1927 they received orders for about 230,000 
i.hp. to which should be added about 160,000 i.hp. ordered from 
licensees, making a total of 390,000 ihp. of Sulzer engines 
sold last year. Their erecting shop is a busy place. 

A typical smaller plant is the Carels Works at Ghent, Belgium, 
where slightly more than 1200 men are employed on Diesel- 
engine production. Mass production methods are employed 
on large parts. 


end of 1927. For over a year 
now both gross tonnage and 
horsepower of motorships under 
construction have continuously exceeded the total of reciprocat- 
ing and turbine steamships combined. 


AIRLESS FuEL INJECTION 


This brings us to the consideration of types and special features. 
We shall first consider the solid-injection or, as it is called 
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Fie. 5 CHAMBER OF Deutz DieseL ENGINE 


Fic. 6 Diese. or INGERSOLL-RAND Design BUILT BY 
CARELS 
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Deutz subsequently developed the semi- 
spherical hollowed-out piston head and aban- 
‘| doned the precombustion chamber for their 
larger vertical solid-injection engines, of which 
they have built approximately 50,000 hp. in 
sizes up to 1350 hp. in 8 cylinders at 190 r.p.m. 
For their automotive type of engine, which will 
, be referred to later, they have reverted to the 
: precombustion chamber design. 

As an example of international cooperation, 
Fig. 6 shows a single-cylinder horizontal engine 
being produced on a large scale in Belgium. 
It is a Chinese copy of the Ingersoll-Rand 
Company's Price engines designed and built in 
the United States. 

In Europe and in many neutral markets the 


Fic. 7 A.E.G.-Hessetman Two-Stroke-Cycie Enarne, 1500 B.He. 


At 120 R.p.m. 


abroad, airless-injection, and in England, cold-starting type. 

The airless-injection type is an outcome of the desire to im- 
prove the performance of the hot-bulb type and at the same time 
avoid the complications of the air-injection type. It is practi- 
cally a development of the last five years and seems to have been 
initiated in England, although so many engineers were working 
on the problem in several countries directly after the War that 
it is perhaps unfair to give any one group especial credit. 
It was well established in engines up to about 750 b.hp. some 
four years ago and is now employed in engines up to 11,700 
b.hp. and proposed for some up to 15,000 b.hp. 

M.A.N. have built airless-injection engines in a wide range of 
sizes. Fig. 2 shows one of their 6-cylinder, 4-stroke-cycle 
engines developing 1575 b.hp. at 187 r.p.m. 

Another German manufacturer, Krupp at Essen, has built 
solid-injection engines. Fig. 3 shows a 6-cylinder, 700-hp., 
4-stroke-cycle, 275-r.p.m. engine of their manufacture. 

Fig. 4 shows a typical solid-injection 1200-hp. engine built 
by Deutz of Cologne, Germany. 


cost of gasoline is so much more than that of 
Diesel oil or gas oil, as it is frequently called, 
that small contractors’ engines are solid-injec- 


tion oil engines, although they may be very small. 


Extensive use is made of the medium-size airless-injection 


engines for auxiliaries on ships and in power plants. 


Fig. 7, which is a design for a 15,000 b.hp. double-acting, t wo- 


stroke-cycle, A.E.G.-Hesselman airless-injection engine, shows 


Fig. 8 M.A.N. Automotive Enaine, 60 B.Hpe. avr 900 R.p.w 


Deutz were one of the first to 
employ solid injection and in 
their early horizontal engines in- 
troduced a precombustion cham- 
ber as shown in Fig. 5. 

The cylinder space is practi- 
cally closed when the conical 
piston head reaches the annular 
neck in the cylinder cover, leav- 
ing the small precombustion 
chamber between the inlet and 
exhaust valves as the space into 
which the fuel is injected. It 
is interesting to note from the 
left end of the diagram that this 
type of engine is applicable to 
the use of tar oil (teerél), with 
light oil (ziind6l) for starting and 
partial-load service. A similar 
injection-pump arrangement for 
mixing heavy and light oils at the 
point of injection is employed by 
Carels, Sulzer, and others to 
permit using the cheap, bad, 
heavy oils, such as Panuco crude, 
and Bunker “C,” in large en- 


gines. Fic. 9 Enotne Room or Rartcar Firrep Wits a Fiat Dieset ENGINE 
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to what sizes the solid-injection system is being applied. The 
M.A.N. are now building some 11,700-b.hp. engines of the solid- 
injection type. 

The large Still engines of England, to which I shall refer later, 
also employ this type of fuel injection. 


Fic. 10 Raticar or Tue Swiss Feperat Raitways, SuLzer 
300-B.Hp., 4-Cyc_e Diese, ENGINE 


AUTOMOTIVE APPLICATIONS 


While airless injection has been extended to these very large 
sizes, the automotive type of engine has been developed. The 
M.A.N. development, now utilized by Buda in this country, is fairly 
familiar. Fig. 8 shows one of the German-built 60-b.hp., 900- 
r.p.m. egines. In England and on the Continent, Diesel engines 
are already used for automotive work, including trucks, tractors, 
railcars, and locomotives. 

rig. 9 shows the power plant of a railear recently tested on 
the Italian State Railways. The engine is built by Fiat in Italy 


Fie. 11 Deutz Roap Tracror 


and is rated at 200 b.hp. Electric drive with direct-connected 
generator and ordinary traction motors is employed. Fiat also 
makes an engine with a normal rating of 150 b.hp., 170 b.hp. 
maximum, at 1200 r.p.m., which weighs with flywheel but 
Without bedplate for supporting engine and generator only about 
26 lb. per b.hp. normal rating. 

Fig. 10 shows a railcar on the Swiss Federal Railways with a 
Sulzer airless-injection engine, rated at 300 b.hp. at 550 r.p.m. 
The power plant is in the center of the car and electric drive is 
used. The engine, with bedplate and accessories, such as fuel 
tank and cooling fan, weighs about 44 Ib. per b.hp. Electric 
Starting is also employed for this engine. This car has two bogie 
trucks, each with one motor axle and one driving axle. The 
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length over buffers is 66 ft. 7 in. and between center pins, 44 ft. 
The drawbar pull at starting is 10,120 lb. and the maximum 
speed 37'/, m.p.h. The shop tests of the engine with fuel oil 
of 18,000 b.t.u. per lb. showed full-load consumption of 0.418 
lb. per b.hp-hr. The trials were in February, 1928, over a 92- 
mile run with a trailer weighing 18 tons. The total train weight 
was 75 metric tons and the fuel consumption 0.0235 Ib. per ton- 
mile. 

Sulzer are now building Diesel locomotive power plants with 
this type of electric transmission up to 2500 hp. 

Deutz, at Cologne, have brought out several models of auto- 
motive machines, all with solid-injection oil engines, such as 
tractors and locomotives, all with mechanical drive. Fig. 11 
shows the road tractor in service and replacing horses. 

Figs. 12 and 13 show the Deutz automobile Diesel engine which 
is said to use any fuel offered on the market. The small cylinders 
of this engine have precombustion chambers to aid in the burn- 
ing of heavy oils as previously described. The cylinders are 


Fig. 12 Deutz AvTomosBILe Diese, ENGINE 


cast in blocks of two. The 4-cylinder automobile model develops 
40 hp. and weighs 39.6 lb. per hp. The 6-cylinder engine develops 
60 hp. and weighs 34.5 lb. per hp. Both run at 1000 r.p.m. 
Another railroad application was described in Oil Engine 
Power for April, 1928. This is a locomotive with a 250-b.hp. 
engine built by the Cie de Construction Mécanique Procédés 


Fie. 13. Deutz AvTromMosBILe Digset ENGINE 


Sulzer, Paris, with electric drive. This locomotive with about 
80 tons trailing showed a gas-oil fuel consumption of from 0.024 
to 0.043 Ib. per ton-mile of total train weight according to grades, 
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loads, speed, and road conditions on the various divisions of the 
Tunisian Railways on which the train has been used. 

The same issue of Oil Engine Power describes a new Junker's 
two-cylinder opposed-piston 45/65-b.hp., 1000/1500-r.p.m. auto- 
motive engine. This engine without flywheel weighs only 
610 lb. or 13.6 Ib. per b.hp. at the 45-hp. rating and only 9.5 lb. 
at the 65-hp. rating. 

An interesting English development is the 500-b.hp. oil- 
electric train for the London, Midland and Scottish Railway 
- of England, developed by William Beardmore & Co., Ltd., and 
the English Electrie Co., Ltd. 

The train, consisting of motor coach and three trail cars, accom- 
" modates 32 first-class and 255 third-class passengers. Empty, 
= the train weighs 144 long tons. This means about 165 tons in- 


cluding passengers and baggage. The engine has eight i 
8'/. X 12-in. cylinders and develops 500 b.hp. at 900 r.p.m._ It 
weighs 14'/, lb. per b.hp. There is double-end control so that 
the driver can regulate the engine speed as well as manipulate the 
electrical controls from either end of the train. This train made 
its trial runs recently between Blackpool and Manchester and 
has been put into service on a short run out of Blackpool. 
Diesel-electric railears have been in regular service on the 
Swedish Railways since September, 1913. Half a dozen are in 
use which were started before the end of 1917. The Aktiebolaget 
Atlas Diesel of Stockholm have supplied about 50 oil engines for 
railway traction service, the majority with electric drive made by 
the A.S.E.A. (Swedish General Electric Co.). These engines Fie. 15 150-Hp. 6-CyLinperR EnGine INSTALLED IN 
range in size from 4-cylinder, 60 b.hp. at 600 r.p.m. to 12-cylinder, oe 
300 b.hp. at 550 r.p.m. and are all of the 4-stroke-cycle air- 
injection type. Fig. 14 shows the 300-b.hp. engine and Fig. 
15 the 150-b.hp. 6-cylinder engine installed in a Diesel-electric 
car. 
: While the engines just shown are all of the air-injection type, 
the Swedish Atlas have recently developed and sold several 
solid-injection engines for rail service. The new type is also 
4-stroke cycle and so far is being made in four ratings, 4-, 6-, 
ps and 8-cylinder, 80, 120, and 160 b.hp. at 875 r.p.m. and 6-cylinder 
* 250 b.hp. at 550 r._p.m. Krupp at Essen have developed a i 
100-hp. 1000-r.p.m. automotive engine weighing 1500 lb. as 
shown in Fig. 16, weighing 15 lb. per hp. 
The illustrations of automotive engines, which have been 
mentioned were built by leading manufactures in five countries = 
with a range of weight of from 9.5 lb. per b.hp. net for the engine Fic. 16 Kaurr 100-Hr. 1000-R.r.x. Avromoriva Enon 
alone to 44 lb. per b.hp. including some auxiliaries, with from —F WEIGHING 1500 Ls. 
15 to 30 Ib. for engine with nor- 
™ mal equipment, predominating. 
; The range of sizes is from 40 to 4 
500 b.hp. and of speeds from 
550 to 1500 r.p.m. with about 
1000 r.p.m. predominating. 
There are several other makes, 
say at least a dozen outside the } 
United States. It is therefore 
reasonable to say that the auto- 


motive, airless-injection Diesel 
engine in sizes up to 500 b.hp. | 
weighing not over 30 Ib. per 
b.hp. with a speed of about 1000 
r.p.m. has arrived and that we } : 
can anticipate that reliable en- 4 
gines of half that weight at 1200 
to 1500 r.p.m. will very soon be 
available from several manufac- 
turers in five or six countries be- 
Fic. 14 300-Hp. Diesen sy SwepisH GENERAL Exectric Co. sides the United States. 


| 
f 
: 


OIL AND GAS POWER 


OGP-50-8 15 


Fie. 17 O11-Steam Locomotive 


With engines weighing 15 lb. per b.hp. at a speed of 1200 to 
1500 r.p.m. the electric-drive Diesel locomotive and railcar have 
a very large field all over the world as the relation of weight 
of power plant to its supporting structure and to the weight of 
trailing load will permit the horsepower per ton required for 
efficient railway service. 

An interesting development has been the Still engine in 
England. Fig. 17 shows the new Kitson-Still oil-steam loco- 
motive, direct-coupled, with gear side-rod combination drive built 
by Kitson & Co., Ltd., Leeds. This locomotive weighs 85 long 
tons with 19'/; tons on each of three driving axles. The engine has 
8 cylinders 13!/, X 15'/2 in. and operates on the 4-stroke cycle 
at 450 r._p.m. At 45 m.p.h. the drawbar pull is 7000 lb. During 
the last four months it has made several trial runs with as much 
as 118 tons trailing over a 31-mile triangular loop. 

All of the automotive engines referred to, including the Still 
and the new Atlas design, employ airless injection. While the 
methods and pressures employed in injecting, atomizing, and 
controlling the charge when air injection is employed are pretty 


well standardized, the pressures, method of control, and arrange- 
ment of pumps vary widely in the solid-injection engines. In- 
jection pressures vary from 1000 to 5000 Ib. per sq. in. Some 
manufacturers, as, for instance, Deutz and M.A.N., use indi- 
vidual pumps for each cylinder but with different pressures. 
Ruston of England has recently changed to a single pump and 
a distributor, athough of a different type from that employed 
by the Carels-Ingersoll-Rand group. A.E.G.-Heselman use 
individual pumps with suction-valve control. Others use a 
single pump with a high-pressure manifold and control by timing 
the opening of the injection valves. It is too early in this 
development to tell which combinations will survive but more 
accurate timing and quick, positive cut-off of the injection oil 
stream combined with improved spraying action during injection 
of the fuel oil seem to indicate the direction in which research is 
tending. 

The trend of foreign rail transportation development, es- 
pecially for narrow gage, for lines with infrequent service, and 
for industrial works, certainly seems to be toward the Diesel 


Fie. 18 Compressep-Arr-TRANSMISSION DreseL LocoMoTIVE FoR GERMAN STATE RAILWAYS 


: 


| 
| 
0 Se ‘ 
n ; 
‘| 
- = 
a 


16 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Fie. 19 Diese, Eneine Witn Bitcut SurpERCHARGER DRIVEN By 
Exuavust-Gas TURBINE 


motor used in railcars and locomotives with electric drive 
(except for very small machines). 

I have not mentioned aircraft engines, for, while I under- 
stand that much research and experimentation is going on both 
in England and on the Continent, there is no new development 
about which I am at liberty to make any announcement. Nor 
have I referred to road transportation except by tractors. Much 
experimentation is going on with oil engines for trucks of various 
sizes and types and M.A.N. have supplied over 120 engines of the 
4-cylinder type, developing 45 hp. at 1000 r.p.m. for German 
auto trucks. No doubt the use of heavy oil engines will be 
extended to road transport but many of our foreign friends, who 
are best informed regarding such service, especially passenger 
buses in cities, feel that the cleanliness of gasoline compared with 
gas oil or other Diesel fuel will keep 


speeds, which averaged about 18 m.p.h., were almost iden- 
tical. The trailing load did not vary more than 5 per cent 
The fuel consumption of the geared locomotive was about 5 
per cent less than that of the electric-drive machine on the trip to 
Baku and about 10 per cent less on the return trip. It varied from 
about 0.013 Ib. to about 0.015 lb. per ton-mile. 

The German State Railways are now building a compressed 
air-transmission Diesel locomotive at the Esslingen Machin: 
Works. Fig. 18 shows the 1200-b.hp. 6-cylinder, 4-stroke- 
cycle, 450-r.p.m. M.A.N. engine direct connected to the com- 
pressor which furnishes air to the engine cylinders. As the loco- 
motive is not yet completed definite data regarding its perform- 
ance are not available. 


SUPERCHARGING 


Like the evolution from air injection to solid injection, that 
from inhaling the fresh charge to forcing it in at above atmos- 
pheric pressure has resulted from the efforts of many engineers 
and much research in both Europe and America. As soon as 
the two-cycle engine with a scavenging pump appeared, and 
air in excess of the cylinder volume was forced through the 
cylinder and into the exhaust, the essential features of super- 
charging were created. 

I will not attempt to trace the history of supercharging re- 
search and development beyond stating that Dr. Biichi and others 
have been working at it for about twenty-five years and that it 
attracted attention in connection with high-altitude flying over 
ten years ago and began to be generally studied about five years 
ago. An important European accomplishment is that of Dr. 
Alfred Biichi, of Winterthur, Switzerland. After several years 
of research, the Biichi syndicate has been formed and that system 
is now being used by Deutz in Germany, Werkspoor in Holland, 
Tosi in Italy, and the Swiss Locomotive & Machine Works in 
Switzerland, under long-term license agreements and by M.A.N., 
Harland and Wolff, and others for specific jobs. Up to January 
1 of this year 37 engines had been built or were building employ- 
ing this system. With the exception of five engines ranging from 
450 to 750 hp. these are all of from 1200 to 4000 hp. and are for 
direct-drive ship propulsion and stationary-power-plant service. 

Prof. A. Stodola, of the Swiss University of Engineering 
Science, at Zurich, has recently prepared a report on exhaustive 


oil engines out of passenger vehicles 
for some time to come. 

It has been assumed that most 
readers are familiar with a few large 
experimental Diesel locomotives which 
have been built abroad and I will, 
therefore, only refer to two incidents 
of that development. Data have re- 
cently been released regarding the 
performance of two Diesel locomo- 
tives on a trial run of about 3200 
miles from Moscow to Baku and re- 
turn. Both locomotives were equiped 
with 6-cylinder oil engines having a 
maximum rating of 1100 hp. at 400 
r.p.m. and a continuous rating of 800 
hp. at 300 r.p.m. In one machine 
the engine was reversible and me- 
chanical drive with a 3-speed gear box 
and magnetic clutches was employed. 
The other machine used electric drive. 


The performances of the two types 
were substantially the same. The 
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Fic. 23. Inptcator Diagrams aT NorMAL AND Maximum Loap 


WHEN OPERATING SUPERCHARGED 


tests of a 6-cylinder, 4-stroke-cycle, 850-b.hp. engine built by 
} the Swiss Locomotive & Machine Works and equipped with an 
exhaust-gas turbo-blower built by Brown-Boveri & Company 
of Baden, by means of which the engine has a rating of 1275 


| b.hp. supercharged and was tested up to 1652-b.hp. maximum 
i load. This report has only very recently reached this country 


and while it has been translated into English, I will not attempt 
to give a résumé of it, but will call attention to a few outstanding 
‘ features of the Biachi supercharging system. 

Fig. 19 shows the engine at the Winterthur Works. The 
exhaust-gas turbo-blower can be seen at the left of the picture 
by the end of the engine. 

: _ Fig. 20 is a sectional view of the blower unit. At the right 
18 the impeller of the turbine and at the left the two blower 
Wheels. The diffusion vanes of the second impeller are adjust- 
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able. In order to prevent the exhaust of one cylinder from inter- 
fering with the scavenging of another, independent exhaust 
pipes are provided for this 6-cylinder engine. These lead directly 
to turbine nozzles so that the exhaust gases mix only after they 
have passed through the turbine. 

Fig. 21 shows the fuel consumption and exhaust temperatures 
when the engine is operating supercharged. Fig. 22 gives some 
indication of the exhaust pressures, and Fig. 23 shows indicator 
diagrams at normal and maximum load when operating super- 
charge. 
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Fic. 24 Curves oF Furt ConsumpTION oF 2-CycLe Diese. En- 


GINES, 4260A (WiTH SUPERCHARGING) AND 4260 
(WitTHovuT SUPBRCHARGING) 

_ Curve I Engine with supercharging compressor, working with supercharg- 
ing 

Curve II Engine with supercharging compressor, working without super- 
charging. 

Curve III Engine without supercharging compressor, 

(Heating value of fuel, 18,000 B.t.u. per Ib.) 


Fie. 25 Dovusie-Actine Krupp Dieser ENGINE, 
1300 B.Hp. at 84 R.p.m. 
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In summing up the results of his tests, Prof. Stodola said: 


1 The Biichi turbo charging system increases the normal output 
of an ordinary 4-cycle engine by 50 per cent, the maximum output 
by 100 per cent. 

2 The temperatures of the combustion and of the exhaust gases 
are the same or even lower than with ordinary Diesel engines. 

3 The fuel consumption per brake horsepower-hour is lower and 
less heat is carried away in the cooling water; the absolute amount of 
the latter is 42,500 B.t.u. per hr. and sq. ft. of the piston areas, a 
very small amount for this size of engine. 


Sulzer Bros. have long employed a system of supercharging 
their standard 2-cycle engines and, in fact, it was while he was 
their chief engineer that Dr. 
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Burmeister & Wain are perhaps the outstanding exponents of 
four-stroke-cycle, double-acting Diesel engines. Their engines 
of this type are so large, so numerous, and so well known that 
I will not describe them. Both of these designs are being built 
by many manufacturers. 

The first successful European two-cycle double-acting engine 
I saw was the single-cylinder M.A.N. machine at Augsburg in 
November, 1924. As a result of its success, the largest Diesel 
in the world was built from M.A.N. designs by Blohm & Voss 
at Hamburg. This engine® is in the Electricity Works at Ham- 
burg, and is rated at 15,000 b.hp. 


Biichi did much of his super- 
charger experimentation. Sulzer 
Bros. recommend the use of 
supercharging only at above 
three-quarter load. 

The curves of Fig. 24 show 
the performance of an engine 
rated at 1500 b.hp. without 
supercharging and 1800 b.hp. 
with supercharging. According 
to these data, supercharging in- 
creases the continuous full load 
by about 20 per cent and peak 
load by another 20 per cent so 
that the maximum output of the 
engine supercharged is about 
1.44 times the normal continuous 
load without supercharging. 

Supercharging is also being 
applied by other manufacturers 
to marine, stationary, and auto- 
motive engines. 


ENGINES 


While the opposed-piston type 
of Diesel, as exploited by Junk- 
ers, Doxford, Fullagar, ete., 


Fic. 32 ARRANGEMENT OF Five 1000-B.Hp. Carets ENGINES 
Direct-CoNNECTED TO WoRTHINGTON Pumps AT GLADSTONE 
Dock, LivERPOOoL 


originated about 1900 and was commercial before 1914, I do 
not know of any double-acting commercial engine until during 
the last few years. A design involving two pistons and no cyl- 
inder covers was easier to accomplish than one piston and two 
cylinder covers. 

One of the first large double-acting engines was the product 
of the combination of Werskpoor of Holland and the North Eastern 
Marine Engineering Co., of Wallsend on Tyne. It was a four- 
stroke-eyele machine, with a single cylinder 800 X 1400 mm. 
(31'/2 X 55 in.) and developed 750 hp. at 95r.p.m. It was tested 
early in 1924, 


Dr. Bannwart, director of the Hamburg Electric Power 
System, recently said of this unit: 


Since the set was put in service early in September, 1926, we have 
not experienced the least trouble, as the motor runs very well and has 
proved its value as a stand-by in emergencies for a couple of times 
already. The set is operated for about six to eight hours daily, 
according to the season. During the months of December and 
January, the set is operated for two to three hours in the morning 
and four to six hours in the evening. During these periods the motor 
carries its full load, i.e., 10,500 kw., and the load is decreased in 
steps of about 15 min. until the steam plant carries the whole load 
again and the motor is shut down. 

During the normal operating cycle when the engineers are ready 
for the signal for starting the motor, it takes about four minutes 
until the generator is connected to the line. The starting of the 
motor itself takes about three minutes. It has happened a couple 
of times already that the motor had to be started because of an 
emergency call from the steam station Tiefstack. Such emergency 
cases were due to boiler trouble or to sudden fogs which increased the 
lighting load. In these emergency cases when the engineers are not 
prepared for the starting, it takes not more than six minutes until 
the generator is connected to the line. 


About three years ago, Krupp built a single-cylinder, double- 
acting trial engine which developed 1300-b.hp. at 84 r.p.m. 
It is shown in Fig. 25. 

In 1926-27, Sulzer, at Winterthur, built a single-cylinder, 


8’ A picture of this engine may be found in the paper by Edward 
B. Pollister, ‘‘The Economic Field for Large Diesel Engines,” Fig. 3. 
See Trans. A.S.M.E., vol. 50, paper No. OGP-50-11. 
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double-acting experimental engine* with a 900-mm. bore and 
1400-mm. stroke which developed 2400-b.hp. at 110 r.p.m. 
Its mechnical efficiency was 70 per cent. This engine has been 
running over a year most satisfactorily. It has, I believe, the 
largest capacity per cylinder of any Diesel so far produced. 
It has a direct-connected two-cylinder scavenging pump and a 
three-stage injection air compressor. 

A.E.G. in Berlin were working on this problem at the same time 
and in 1926 produced a 1000-b.hp. single-cylinder A.E.G.-Hessel- 
man engine. Its dimensions are 680 mm. by 1200 mm. and it 
runs at 120 r.p.m. In developing this engine, spray penetration 
and other airless-injection problems were studied, full credit being 
given to Miller, Beardsley, and others who have been working in 
this country. As this was the first very large solid-injection 
engine, a few details will be shown. 


and will employ airless injection. At the same time they are 
building a 7-eylinder engine of the same bore and stroke and 
5600 b.hp. at 164 r.p.m. for the Anglo-Chilean Consolidated 
Nitrate Corp., which will use air injection. 

This makes one wonder how long the injection air compress: 
will survive even on the largest engines. 

The large double-acting engines are being built with both 
direct-connected reciprocating scavenging air pumps and with 
electric-motor-driven turbo-blowers. It is too early in this 
development to predict the field in which each type will surviy, 

It is also too soon to make definite statements regarding the net 
fuel consumption. Very few data have been released as to thie 
net fuel consumption of these large two-cycle, double-acting en- 
gines. That which is available indicates, however, that, after 
deducting the power required for the scavenging pumps, the fuel 


34 Dreser-Enoine Power Station, Metropouitan UNDERGROUND Maprip, Spain 


Fig. 26 is a view of the top combustion chamber and the top 
of the piston, and Fig. 27 the arrangement of the oil spray 
both top and bottom. Other details are shown in Figs. 28 to 31. 

In 1927, Carels in Belgium started to build a 4000-hp. double- 
acting engine of the type supplied the U. S. Shipping Board by 
Worthington in this country. 

Both Burmeister & Wain and Werkspoor use air injection 
in their 4-cycle engines. Of the five 2-cycle makes mentioned 
all but A.E.G. started with air injection. Recently Sulzer 
have secured favorable results with solid injection in their ex- 
perimental engine and M.A.N. now have on the test floor at 
Augsburg two double-acting, 2-cycle engines sold to the Hen- 
ningsdorf electric power plant, Berlin. Each of these develops 
11,700 b.hp. in 10 cylinders, 600 mm. by 900 mm., at 215 r.p.m. 


‘A picture of this engine may be found in Fig. 4 of the paper by 
Edward B. Pollister on ‘“‘The Economic Field for Large Diesel 
Engines.’’ See Trans. A.S.M.E., vol. 50, paper No. OGP-50-11. 


consumed at from three-quarter to full load is of the order of 0.39 
to 0.4 lb. per b.hp-hr. under the best operating conditions. 


PowER STaTIONs 


Diesel engines have been used in power stations since the start 
of the industry and they have been direct connected to generators 
for about a quarter of acentury. Generally speaking, up to 1918 
Diesel engines were not used in power plants requiring maximum 
reliability and were generally not recognized as equal to steam 
engines for service where continuity of operation was an important 
factor. One exception to this was the installation at the Glad- 
stone Dock, at Liverpool, where five Carels 1000-b.hp., + 
cylinder, 2-cycle, single-acting engines direct connected to 
Worthington pumps were installed in 1913. This is believed 
to have been the largest Diesel plant in England at that time 
Fig. 32 shows the arrangement of the station. 

These engines have been in continuous service and were not 
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re-conditioned until last year when an addition was made to the 
Dock. They are now available for another fifteen years’ duty. 

(nother outstanding installation of long service is the Shang- 
hai, China, power station, which, I believe, is the largest Diesel 
stationary power plant in existence. This has five engines total- 
ing 20,000 b.hp. built by Sulzer Bros. of Winterthur, which at 
their guaranteed 20 per cent overload represent 24,000 b.hp. 
output. 

\ 5250-b.hp. Sulzer, 2-cycle, single-acting engine has been dis- 
patched as an additional unit in the Shanghai plant.’ The larger 
engines in this plant, including the new one, are of the 2-cycle type 
especially arranged for burning heavy fuel at all loads and this 
engine showed during the trials the full-load fuel consumption 
of 0.414 lb. per b.hp-hr. with 18,000-B.t.u. oil. Reference has al- 
ready been made to the large power plant at Hamburg and Berlin. 

Another important installation is that of three M.A.N. 4- 
cylinder, double-acting two-cycle engines developing 2250 b.hp. 
at 150 r.p.m. for the Metallurgical Works, Roter Oktober, at 
Stalingrad, Russia. 

Fig. 33 shows one of a pair of 3000-b.hp., 6-cylinder, 2-cycle 
single-acting Carels engines now being installed in a central 
station at Guayaquil, Ecuador. 

The first direct-connected generating units like the Liége 
machine had separate flywheel and generator which is the de- 
sign that has been generally followed in the United States and 
England. The Continental development, however, has been 
in the direction of combining the generator rotor and the fly- 
wheel to save space and weight. The station of the Metro- 
politan Underground, at Madrid, with three 1500/1800-b.hp. 
Sulzer engines in it, illustrates the flywheel type. See Fig. 34. 

The generator of the 15,000-hp. engine at Hamburg is of the 
normal type because of the uniform torque effort of nine double- 
acting, 2-cycle cylinders, and there is a strong feeling that as 
the number of cylinders and rotating speed increase, as typified 
by the two 11,700-hp. Henningsdorf engines of 10 cylinders, 
215 r.p.m., the flywheel problem will become as simple as it was 
with high-speed reciprocating steam engines. 

The power plants of the character which I am describing 
have represented a quality of installation equal to that of the 
very finest steam and hydraulic plants and the quality of the 


Fic. 35 Concorpia Power PLANT, ENGINE Room From Switcu- 


Boarp GALLERY. 780-Hp. Carpis-G.E. Sets 


Continental engines combined with this high-grade station design 
and intelligent supervision have combined to produce power 
plants which are fully equal to any other type as to relia- 
bility and continuity of service. 

Fig. 35 is a view from the switchboard gallery of the con- 
cordia power plant, Argentina, and shows three 780-b.hp. 4- 


. ‘A picture of this unit may be found in Fig. 10 of the paper by 
dward B. Pollister, Trans. A.S.M.E., vol. 50, paper No. OGP-50-11. 
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Fic. 36 Pumpers For O11, Concorpia PowEr 
PLANT 
(Note two electrical and one water heater.) 


cycle Carels engines. The arrangement of the oil centrifuges is 
shown in Fig. 36. 


MARINE ENGINES 


The first direct reversing marine Diesel engines were, I believe, 
of the 2-stroke-cycle, single-acting type and were first built 
about 1907 by two or more manufacturers. At that early date 
marine engines of 1000 hp. were manufactured. In the inter- 
vening ten years, the marine Diesel has taken the leading position 
in ship propulsion indicated above, and according to Lloyds, 
Register of July 5, 1927, there were over 500 full-powered Diesel- 
motor steel ships of over 2000 gross tons in actual service. 
These include ocean-going liners as large as any except a few 
of the great trans-Atlantic high-speed passenger ships. 

Both the 4-stroke-cycle and 2-stroke-cycle types have been 
developed up to the largest sizes in several countries and airless 
injection is now being applied by at least two Continental manu- 
facturers and one in England to very large marine engines. 

Reference has been made to the Kitson-Still locomotive engine. 
The original Still idea of combining an oil engine and steam engine 
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Fic. 37. One oF THE Marin Dieser ENGINES INSTALLED IN MS. Britta 


Fic. 38 Diese, ENGINE ror MS. Brunswick 
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| Fic. 39 8-CyLINDER SULZER MARINE ENGINE 


Fic. 40 Fiat Marine Diese, ENGINE FoR SUBMARINES 
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Fig. 41 M.A.N. Marine Dreser ENGINE FoR SUBMARINE 


in the same cylinder with a single piston has been adhered to 
in the locomotive. It is interesting to note that in building 
two 2500-s.hp. Scott-Still engines for the motor vessel Eury- 
bates, the Scott Shipbuilding & Engineering Co., Ltd., of 
Greenock, while retaining the solid-injection fuel system have. 
separated the oil and steam cylinders. A diagram appearing 
in the Engineer of London, of March 30, 1928, shows these 
new engines. The oil-engine cylinders are of the normal 2- 
cycle, single-acting type with a few of the special Still features 
and a scavenging air chamber below the piston which takes the 
air from the turbo-blower before it enters the cylinder. The 
steam-engine part of the unit is designed according to standard 
marine steam practice. 

This shows reversion to a simpler type on the part of the Still 
people in England and points in the same direction as the aban- 
donment of the injection compressor for large marine engines 
by the A.E.G. and others, and is an added indication of develop- 
ment in the direction of simplification and reduction in weight 
which should still further enlarge the field of Diesel application. 

The installation of beautiful, big Diesel engines in ships is 
going on so fast that it would be easy to show hitherto unpublished 
illustrations of the boats, the engines, and their auxiliaries, but 
only one or two more indications of present-day tendencies 
will be cited. 

Fig. 37 shows Burmeister & Wain’s 6-cylinder, 4-cycle, single- 
acting, trunk-piston Diesel engine developing 3000 i-hp. at 145 
r.p.m., of which two have recently been installed in the twin- 
screw motor tanker Britta built at Helsingfors and may be taken 
as typical of direct-drive motor-tanker engines. 

The United States has taken the lead in the introduction of 
electric drive for ship propulsion. With Diesel engines this 
has been applied to tug boats, ferry boats, yachts, and tankers, 
but has not been introduced in Europe as extensively as here. 

Another instance of the effect of American developments 
on European practice is the equipment of the motor tanker 
Brunswick being built by Scotts for the Atlantic Refining Com- 
pany. The propelling machinery which is now being installed 
will consist of four six-cylinder, 750-b.hp. Carels-Ingersoll-Rand 
engines as shown on test in Fig. 38, each direct connected to a 
continuous-current generator. The vessel will have a single- 


screw, electric-motor driven. This is the largest Diesel-elec' ric 
equipment so far produced abroad and is also another exam)! 
of international cooperation, as the hull is built in Scotland 
the electrical machinery by the British Thomson-Houston Cvm- 
pany, affiliated with the General Electric Company of the 
United States, and the oil engines by the Carels Works in 
Belgium from designs supplied by the Ingersoll-Rand Compa: 
Fig. 39 shows a Sulzer 8-cylinder, 820 X 1440 mm., 2-c) 
single-acting engine developing 7000/8900, b.hp. at 100 rp: 
with separate motor-driven scavenging blower illustrativ: 
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Single -Acting Four-Stroke, 3,000 BHP, 125 Rp.M. 
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the largest 2-cycle air-injection marine engines now being built. 

The development of the Diesel submarine type of engine is 
still going on in Europe. Fig. 40 shows a 2200-b.hp., 380- 
r.p.m. Fiat engine and Fig. 41 a 3000-b.hp., 390 r.p.m. M.A.N. 
engine. 

I have referred to the importance of reduction in weight in 
reference to automotive engines. Incidental to reduction in 
weight, there is a reduction in space. This reduction in di- 
mensions is essential for the increase in capacity of automotive 
engines because of the limitations of clearance diagrams. In 
the case of stationary engines, reduction in weight and size 
means a saving in transport and power-house structure costs. 
When we come to marine engines, in addition to the first cost of 
the space in the hull taken by the propelling machinery, there 
is the question of the earning capacity of space saved when 
propelling machinery of smaller dimensions can be used. For 
some classes of vessels this is a very important factor, and the 
introduction of the double-acting engine has had a marked effect 
on this. 

lig. 42 shows the comparative space occupied by one 6000- 
b.hp. double-acting, 2-stroke-cycle engine as compared with one 
single-acting, four-stroke engine of half the output 

Very little reference has been made to fuel economy, chiefly 
because the improvements in fuel consumption are not of great 
magnitude and are of minor importance compared with the 
design problems, the solution of which produces Diesel engines 
giving reliability and continuity of service equal to the best 
steam and hydraulic plants and those which will effect reductions 
in weight and increases in rotative speed essential to the ex- 
pansion of all kinds of applications and especially those con- 
cerned with transportation. One example of what a motor- 
ship is doing will be given. 

No doubt there are many other equally good examples, but 
I have selected this one because Mr. James Smith, superin- 
tending engineer of the Union Steamship Co., of New Zealand, 
when passing through this country on his way to England a 


OGP-50-8 25 


few weeks ago allowed me to copy some data from his personal 
log book and has authorized me to publish them. This is, 
therefore, first-hand, accurate information secured from the 
owners. These data refer to the Aorangi which was built by 
Fairfield in Glasgow. It has four two-cycle, six-cylinder, 
3000/3600-b.hp. Sulzer Bros. engines. The Aorangi has made 
over 300,000 miles in the Pacific Service. Up to the end of 
1927, when the engines were first overhauled, its performance 
had been as follows (figures refer to English long tons and 
imperial gallons): 

Total distance, voyages, 201,043 nautical miles 

Average speed, 16.44 knots 

Total fuel, propelling, 23,359 tons 

Fuel for other purposes, 4891 tons 

Fuel in port, 2605 tons 

Engine hours, 12,224 

Average i.hp. propelling, 14,710 

Average fuel per day propelling, 45.8 tons 

Average fuel per day for other purposes, 9 tons 

Average fuel per i-hp., 0.29 Ib. 

Total lubricating and evlinder oil, first year, 41,749 gal. 

Total lubricating and cylinder oil, second year, 28,542 gal. 

Lubricating and cylinder oil used in port, first year, 2652 gal. 

Lubricating and cylinder oil used in port, second year, 1550 gal. 

Lubricating and cylinder oil used per day, first voyage, 294 gal. 

Lubricating and cylinder oil used, average last four voyages, 110 

gal. 

Average speed three best voyages, 17.1 knots 

16.96 knots 
16.88 knots 

Highest daily speed, 18.1 knots 

Now after going about 300,000 miles, the fuel per indicated 
horsepower on the voyage of December, 1927, was 0.311 Ib. 
and for January, 1928, 0.315 lb. 

Mr. Smith showed me the log of fuel consumption for a large 
number of voyages and it is amazing how little variation there 
is in the amount of fuel per voyage. The systematic and regular 
way in which this ship behaves in the matter of reliability, 
low maintenance, and uniform economy of fuel and lubricating 
oil is certainly a strong argument in favor of Diesel propulsion. 
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Cooperative Diesel-Engine Research 


By HARTE COOKE,' AUBURN, N. Y. 


N order to get the best idea of the problems requiring co- 
operative research on the Diesel engine today, a sketch of 
the origin, uses, and past research on this subject should be 
given. The type of internal-combustion engine which operates 
on what is called the ‘Diesel cycle” was originated by Dr. Diesel 
in his efforts to improve the efficiency of the ordinary gas engine, 
his idea being to see if lower power costs could be obtained for 
operating refrigerating machines. His showed 
him that an increase in the efficiency of the gas engine could be 


investigation 


obtained by an increase in the compression ratio of the engine, 
this in the ordinary gas engine being limited to the compression 
at which fuel would ignite. He concluded that if he could com- 
press the air only, and put the fuel in when the compression had 
been accomplished, he could get the compression ratio which 
would give the highest efficiency without limitations of pre- 
ignition present in the ordinary gas engine. 

His theoretical investigation of this eycle of operation was 
complete, and he wrote and published a book on this before any 
actual engine had been built, and the writer believes this is the 
first time anything of this kind was done. The usual process 
is to develop a machine, later on investigate its various principles 
and limitations, and then papers and books are usually written 
alter the thing has been accomplished. 

\s this investigation showed promise of lower power costs, 
commercial firms in Europe were finally induced to develop the 
actual engine, and it is interesting to note that the original de- 
A 
of industrial firms in Europe joined to develop an engine 


velopment of the Diesel engine was a cooperative process. 
number 
with this eyele of operation suitable for commercial service. 

The original idea was to use powdered coak as fuel, but on 
account of the complications and difficulties in accomplishing the 
desired results along these lines in connection with the high pres- 
sures and high temperatures which were much beyond the tem- 
peratures and pressures at which much experience had been ob- 
tained up to that time, the simpler and more satisfactory method 
of using hydrocarbon oil as fuel was adopted, the oil being atom- 
ized and introduced into the cylinder at high pressure by com- 
pressed air at a sufficiently higher pressure than the compression, 
not only to put the oil in the cylinder but also to atomize it, so 
that it would burn quickly and completely. With the initial 
problem solved by cooperative effort, the various firms that 
had joined in this work started the production of Diesel engines 
commercially. 

The original idea was an engine which would reduce the fuel 
cost, as the cost of fuel in Europe at that time was a very large 
factor in the cost of power, and the very high efficiency of the 
Diesel cycle of operation would make a material reduction in the 
fuel costs for producing power. When these engines were put 
to work in actual service, it was found that there were other 
Savings in the cost of operation, such as the lower labor cost per 
unit of output and lower maintenance than with a steam station, 
also that it had other advantages such as complete absence of 
standby losses while the engine was shut down, and the ability 
of the engine to take full load at short notice. 


First Dresets Were SINGLE-ACTING 
The original engine was developed as a four-cycle engine with 


' Engineer, McIntosh & Seymour Corp. Mem. A.S.M.E. 

Presented at the First National Meeting of the A.S.M.E. Oil and 
Gas Power Division, the Pennsylvania State College cooperating, 
State College, Pa., June 14 to 16, 1928. 
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air injection, and in order to reduce the first cost a start was 
made to develop the Diesel engine working on the two-cycle 
principle so as to get more output from a given engine. These 
early engines were all single-acting. 

These engines gradually came into service, first for central 
stations for driving generators and in industrial power plants, 
both as belted units and as engines coupled to a generator so 
that power could be transmitted through the works to various 
electric motors. On account of the low operating cos's, these 
engines began to be used for driving pumps, because in a pump- 
ing plant the load factor is usually very high, and the lower 
operating costs would justify the high first cost of the engines 
at that time. On account of the absence of standby losses and 
the ability to take on a load at short notice, these engines came 
into use as auxiliaries in water-power plants. 

It was early seen that this type of engine had a great many 
advantages for marine use, and installations were made on vari- 
ous vessels, some of the first being with Diesel electric drive, the 
idea being to use moderate-sized engines at fairly high speed 
and a slow-turning motor on the propeller. However, owing 
to the lack of development of marine electrical equipment at 
this time more or less trouble was had, so that the direct drive 
which had been tried out in several cases proved to be more 
satisfactory, and the engines were made in larger and larger 
sizes for direct drive for various vessels. 

These marine engines for direct drive had to be made reversi- 
ble, which proved to be a problem easily solved, and a great 
many of the early vessels were made with the twin-screw arrange- 
ment, for the reason that the engines available were only of mod- 
erate power and to get the amount of power required for a given 
vessel the twin-screw arrangement seemed to be the best way. 

Among the problems of the Diesel-engine builders as this de- 
velopment went on were first the limitations as to what output 
could be secured from a given engine; and the reliable Diesel- 
engine ratings today are based on actual experience with the 
operation of Diesel engines at certain ratings rather than on any 
theoretical determination or test demonstration of what 
maximum possible output might be. There were also probléms 
of materials, as in the early development of this industry materials 
were not available that are available today, neither was the in- 
formation on the characteristics of the different materials as 
complete as it now is. 

They also had problems in regard to fuels, as then they did 
not understand the effect of the different fuel characteristics 
nor were the quantities and qualities of fuel available that are 
available now. There were also problems of lubrication, as it 
was not understood at first just how the cylinder lubrication 
could be taken care of under the conditions of the extreme pres- 
sures and temperatures which this cycle of working developed. 

In regard to the research which was conducted during this 
period, a good deal of research was conducted by the individual 
manufacturers to perfect the various arrangements for the prepa- 
ration of fuel for combustion in the cylinder and the shape and 
arrangement of the combustion space. In regard to research 
on the output limitations, this was regulated more by actual ex- 
perience and practice than by any special research that could 
be carried out. Oil engines could develop considerable power 
under test conditions, but it was found in actual practice that 
it was advisable to carry a lower load than test results showed 
it was possible for the engine to develop. 

When the metallurgists found what characteristics in a ma- 
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terial were desired, the metallurgical research developed materials 
that were more advantageous for the various uses than had been 
previously available. In regard to fuels, as time went on experi- 
ence developed difficulties with certain fuels, and the use of these 
fuels in actual service usually developed the cause of the difficulty, 
so that the remedy could be applied and the particular fuel in 
question made usable. 

In regard to troubles with lubrication, as experience developed 
with these engines it was found that some of the early fears in 
regard to lubrication problems were groundless, and the oil 
men when they found just what characteristics were desirable 
for use in a Diesel engine were able to produce oils which would 


render the satisfactory service desired. 


During this development, the period of the war came on, 
and the necessities of war caused a very rapid development of 
the types of Diesel marine engines which had proved so suitable 
for use on submarines and developed materials and processes 
which eventually proved to be of advantage to the Diesel-engine 
manufacturer; but another change, which was the rapid intro- 
duction and use of the automobile, gave a very rapid develop- 
ment by the metallurgists of materials and also information on 
the ‘use of heat treatment of materials which was a great help 
to the Diesel-engine industry. Also with the tremendous in- 
crease in the use of the automobile, petroleum supplies were 
developed to a tremendous extent, and the great demand for 
gasoline improved processes of refining crude petroleum, so as 
to give enormous supplies of suitable fuels for Diesel engines, 
and also the experience gained with the lubrication of engines 
for automobiles proved to be of great benefit to the lubricating 
engineer in taking care of the lubricating problems on the Diesel 
engine. 

Now that the Diesel-engine industry has the tremendous 
benefit of development in other lines, all these things have facili- 
tated the commercial development of the Diesel engine itself. 
At the present time the use of the Diesel engine is more diversi- 
fied than ever before. Stationary engines are used in a great 
many central stations, and when we hear of central stations 
we always think of magazine descriptions of plants with a ca- 
pacity in the hundreds of thousands of kilowatts, but as a matter 
of fact, the size of station that is usually installed is the one 
that can best serve the particular neighborhood where it is used, 
so that in general the average Diesel engine used today is some- 
where between 300 and 800 hp. 

Such engines are in use in central stations, cement plants, 
oil pipe-line pumping stations, flourmills, and various industrial 
plants, brick-making plants, plaster mills, city waterworks, 
for irrigation, for drainage pumps, for marine service, and they 
are coming into use as the main drive on the very largest and 
fastest ships and are now ‘yuilt in sizes so that they can be used 
for single-screw vessels up to the largest tonnage that is desir- 
able for the usual freight service. 

This development has been along not only the four- and two- 
cycle air-injection line, but also mechanical injection has been 
developed for both four and two cycle. In addition to this, 
the largest sizes, both four- and two-cycle, have been built double- 
acting, which gives a reduction in the weight and a reduction 
in the first cost. This type of engine has also proved to be 
very desirable for auxiliary service on shipboard, and all modern 
motorships have Diesel electric units to furnish electric power 
for auxiliary service. 

The Diesel engine has also proved very advantageous for use 
on dredges, and is used for direct drive on main dredging pumps, 
also for driving the auxiliary equipment by means of shafting 
and clutches and by having an engine connected to a generator 


so that the various auxiliary equipment can be driven by motors, 
Some of the larger dredges have Diesel engines coupled to gen- 
erators, and all of the auxiliaries including the main dredging 
pump driven by electric motors. This arrangement allows [|| 
power to be applied to the dredging pump at low heads, which 
is very advantageous. 

The Diesel engine has now invaded the railroad field and has 
been used in Europe on smaller locomotives and railears for 
about a dozen years. The use for railears has just started in 
this country, and a number of Diesel engines have been built 
for use on switching locomotives. Practically all of these have 
been electric drive; that is, the Diesel engine is coupled to 4 
generator, and regular electric motors are used on the driving 
axles. 

While the peculiar tractive-effort characteristics of the Diese! 
locomotive make it especially desirable in switching, and wher 
the freedom from smoke and noise is also of advantage in populous 
districts, it has been found that the operating costs are very low, 
which makes the use of the Diesel engine for main-line locomo 
tives very desirable, and it is actually coming into use for this 


particular service. 
Diesets DesrRaBLE IN AERONAUTIC FIELD 


In addition to this, there are special cases where us: 
Diesel engine seems very desirable, such as for aeronautics 
While at present the weight of the Diesel engine is a draw) 
for use in this service, the fact that it can use a very safi 
is a very desirable feature for aeronaucic use. 

In general, the Diesel engine as it stands today has r 


practically the same state of development as other power 
ment such as the steam engine and the turbine. The ma 
problems have all been solved, and efficient, reliable servi 
been demonstrated in a great many lines of use. 

While, as mentioned, the main problems have all been solv: 
an advance could be made if more complete informatior 
be obtained in regard to some of the fundamental things con- 
nected with the operation of a Diesel engine, such as more com- 
plete knowledge of the nature of the combustion; the cha: 
istics of the products of combustion at the high temperat 
and pressures obtaining in a Diesel engine; the characteristics 
and nature of the ignition of fuel at these high temperatu 
and pressures; more complete information in regard to the tr 
fer of heat from this mixture to the walls; a coordination of 
information now existing in regard to the transfer of heat throug! 
the walls to the water jackets; a more complete knowledg tl 
desirable characteristics of the walls and other parts that ar 
exposed to the high temperatures so as to resist not o! 
temperatures but also the natural wear. 

These problems of the Diesel engine are along much the sam 
lines as has been the case from the first, the most important 


being the combustion characteristics of the engine, which wit! 
the design of the engine, especially the parts in connection W 
the combustion space, and also the materials used for this part 


of the engine, have an important bearing on the size and outpu' 
limitations. 

Those three things also have a bearing on the maintenant 
of a Diesel engine, and the maintenance further depends 
lubrication, and the cooling, and the nature of the cooling wate! 
used. For special cases such as for railway work, the out! 
limitations will require special investigation, and also t! 
tion of weight will have to be carefully gone into 

In regard to the special uses for aeronautics, the weight 
Diesel engine is a vital factor in this case, and the output 
tions will have to be especially investigated to secure 
weight desired and as high speeds will have to be used 
investigation will have to be made of the characteris! 
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fuel consumption at these high speeds. In regard to the solution 
of these problems, research in various degrees is now being car- 
ried out by industrial concerns and government departments. 

For instance, in regard to the aeronautical use of the Diesel 
engine, the National Advisory Committee for Aeronauti¢s has 
conducted very interesting and complete tests on the output 
limitations, fuel consumption, and weights of the Diesel engines 
for this use. 

Now in the building of a modern Diesel engine, the manufac- 
turers avail themselves of the special knowledge of the metallur- 
gists and of the steel works for the furnishing of the crankshaft 
for the Diesel engines. Standard parts, such as standard studs 
and nuts, are bought of concerns who specialize in these particular 
things. Gages, thermometers, lubricators, piping, and the 
valves and fittings for this piping are all bought from specialists; 
also the seamless tube for high-pressure piping, seamless air 
receivers, and riveted air receivers are the product of specialists. 

It is when Diesel engines are in actual service and being opera- 
ted by the user that the problems which have to be solved are 
developed. In England there was an association of users of 
steam equipment, known as the Manchester Steam Users Asso- 
ciation, which made periodic inspections of the steam plants of 
all the members and made a paintaking investigation or research 
in connection with every failure of a boiler or engine part, and 
the effect of this cooperative research was very beneficial to the 
users of the boilers and steam machinery and had a profound 
influence on the design ot this equipment. The Diesel engine 
users in England have had for years an association where they 
could compare notes and look into the problems of the individual 
members and by this cooperative effort improve the operating 
results. 


RESEARCH INTERESTS Many LINES 


In view of all this, such problems as come up regarding improve- 
ments of the Diesel engine are of interest not only to the Diesel 
engine builders but also to these other industries, such as the 
petroleum industry which furnishes the fuels and lubrication 
for these engines, and to the many lines of industry which are 
users of this equipment. 

In addition to this, the solution of some of these problems 
would be of benefit to still other industries; for instance, the 
transfer of heat from gaseous mixtures to the walls of the Diesel 
engine involves a careful investigation of the problem of heat 
transfer, which would be of advantage not only to Diesel-engine 
builders but to builders of steam locomotives, boilers, radiators 
that are used in the heating of buildings, and to the builders 
of radiators for cooling automobiles. 

In view of the cooperation of a number of industries in supply- 
ing materials which go to make up a modern Diesel engine, it 
would be desirable for these industries to cooperate, and also 
for the Diesel-engine builders themselves to cooperate, and also 
the various other industries that would be benefited by special 
research on problems specifically brought up by the manufacturer 
of Diesel engines in the solution of such problems as may appear. 

Just how this research should be conducted or supported is 
4 Guestion that should be taken up and settled to insure the 
quickest and best development of the Diesel engine. Cooperative 
effort along various lines is now seen commercially among manu- 
facturers who are cooperating to educate the public in regard 
to the use of cement. This is also true of the hardwood lumber 
merchants, brick manufacturers, and a number of others. 

In England the Government authorities have seen the desira- 
bility of assisting and advising in the research necessary to in- 
gm life, and as far as this has gone it has proved very bene- 
icial, 


In this country we have the Bureau of Standards, which has 
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problems and improving their processes. Various government 
bureaus have departments of research. The Bureau of Aero- 
nautics of the government has a wonderful research department 
which has accomplished a great deal, and both the army and 
the navy have conducted considerable research into their various 
problems. 

Some of the larger industries in this country maintain exten- 
sive research departments, such as the General Electric Com- 
pany, Westinghouse, the Western Electric, American Telephone 
and Telegraph, American Radiator Company, and General 
Motors Corporation. 

A good example today of cooperative research is the Nela 
Park Laboratories of the General Electric and Westinghouse 
companies, which devotes its entire attention to the improve- 
ment of the electric incandescent lamp and the methods of its 
manufacture. The modern incandescent lamp illuminates this 
research problem, and its cheapness and efficiency today show 
how desirable the activities of such a cooperative research can be. 

However, it is only the largest concerns that can afford to 
carry on such research as is now desired, and in this country 
government agencies cannot be expected to solve all the prob- 
lems of industry, nor would this be entirely desirable. Also, 
a great many industrial concerns do not have the resources to 
do this as thoroughly, completely, and quickly as is desired, 
nor can the existing facilities for research and apparatus and 
personnel which are available at the various colleges be called 
upon or expected to do this work unaided. 

A good example of this cooperative research has already been 
set by the petroleum industries, which have already inaugurated 
a very extensive program of research, coordinated by the Ameri- 
can Petroleum Institute, which has arranged to coordinate a 
great part of the technical activities of the oil industry. 

It would seem from all of this that the best solution of this 
problem of Diesel-engine research would be for industry as a 
whole to cooperate in supporting such research as was desired, 
and in the author's opinion this research could best be conducted 
and directed by such a disinterested body as The American So- 
ciety of Mechanical Engineers. 


Discussion 


R. J. S. Picorr. After an association of some 14 or 15 
vears with the Research Committee, the first thing that occurs 
to me when it is mentioned is, ‘‘Where is the money?” Perhaps 
you may not realize it, but over two-hundred million dollars 
a year is expended in the Government and private laboratories. 
There are some large units, such as the General Electric Co., 
which alone spends between seven and eight millions a year; 
the American Telephone & Telegraph Co., which spends a little 
more than that; Western Electric, with probably two or three 
millions; Westinghouse, with two or three millions; Aluminum 
Company of America, two or two and one-quarter millions. 
And then there is an enormous total amount of money spent by 
the smaller groups, eighty or ninety millions of dollars a vear for 
research work. 

In addition to that there are various trade associations spending 
a great deal of money on research work, this money coming 
from their own membership. There are a number of very large 
research endowments, none of which, however, is directed toward 
industrial research; for instance, the Rockefeller Foundation, 
165 million, which is used exclusively for research in the medical 
profession; Mellon Institute, which is devoted to chemistry; 
and also the Carnegie Institute, which covers pure science which 

? Consulting Engineer, Public Service Production Co., Newark, 
N. J.; Chairman, A.S.M.E. Standing Committee on Research. 


done a great deal to assist our industries in solving some of their 
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none of the other groups has attempted. They have a twenty- 
two million dollar endowment. 

The smallest of all is the Engineering Foundation, which has 
about six-hundred thousand dollars, and that amount is insignifi- 
cant compared to the problems coming before it. 

So far as the Society is concerned, we have no fund from which 
to draw, except to draw the money from the Engineering Foun- 
dation. For that reason we have started a campaign of our 
own, which I am not at full liberty to mention as yet. Whether 
that will be successful, I do not know. If we are successful in 
getting such an endowment, this question of research for in- 
dustrial purposes will be solved. Until that time we must pur- 
sue our labors by the same method that we have during the 
past 15 vears. We need funds and we need the cooperation 
of those interested in the furtherance of this work. 

In our experience with several different groups, I might ex- 
emplify it by mentioning the Fluid Meters Committee. This 
committee was made up first of a small group of users, and later 
it was found that the information could be obtained only through 
the manufacturers. The textbooks did not have it; the manu- 
facturers themselves had what little information there was that 


was up-to-date. 

We brought into the committee a large number of manufac- 
turers, but toward the end of our work a great many more manu- 
facturers were on the committee than any other class At first 
the attitude was somewhat colored by suspicion. Each manu- 
facturer thinks, “Well, am I going to get as much out of 
this as the others, or can I get a little more than they are getting 
for the amount I am putting in.” If we could get the proper 
cooperation, then there would not be that suspicion. 

However, they found that the things they were doing were 
not secrets at all in their particular business; they were already 
known to the others or else they were not worth anything. There 
are many problems facing you now that could be solved through 
cooperation and common action. By individual effort you do not 
get the large spread of specialized skill to bear on the subject, 
and you do not have funds enough to make it a commercially 
feasible expenditure. 

The characteristics of the problem before you are twofold. 
Fundamental research covers investigation in the physical 
properties of materials. As an example, I might refer to the 
investigations of Professor Schweitzer in relation to the oil- 
spray atomizers and the action of various oils, etc. That 
has nothing to do per se with any particular design of engine. 

If the work were performed in connection with a particular 
design, that would be a matter of applied research. As a matter 
of fact, the kind of research that you in general have to tackle, 
and that we in the A.S.M.E. can assist in, is applied research, 
because it shows up so well as bringing back money commercially; 
if you have to go out and get money from industry, you must show 
a rather quick commercial return. You will find with rather few 
exceptions that our work has been largely applied research rather 
than fundamental research. The exceptions are in the develop- 
ment of standard steam tables and investigations into the physical 
properties of refrigerants and also some of the work on oil sprays. 

It is curious that the steam tables should have brought in the 
largest amount of money, $63,000 having been collected on that 
work, and when the work is finished $15,000 or $18,000 more 
will have been collected. This represents one of the most valu- 
able single contributions. The reason why it has been so well 
supported is that not only the steam-turbine manufacturers 
but all of the public-utility people and the boiler manufacturers 
require good steam tables, especially in this day when the pres- 
sures are going up. For that reason we have had considerable 
support from all of those groups. Most of the work has been 
carried on in the Bureau of Standards and at Harvard, equally 
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divided between college equipment and government equipment. 

As to the methods used in the A.S.M.E., they are of interest 
to you because you are looking for a path by which you may 
arrive at the solution of your research problems. It seems 
that the first thing you can do, if you are unable to provide 
sufficient funds individually to do a real job on this very expen- 
sive pursuit, you will have to get together as a trade organization 
or through some committee organization. 

After we have undertaken a project, the first thing is to make 
an examination of what has already been done, correlating that 
information, and laying the foundation for future research, 
For example, on fluid meters we spent nearly nine years before 
the first section of the report was brought out. During those 
nine years there was some quarreling among the manufacturers 
and users as to what was right and what was not right, but only 
$1500 had to be spent (on pulsating flow) to get out a textbook 
of up-to-date information on the theory of flow. After ex- 
amining all of the literature, we found that most of the work 
had already been done. That is one way in which duplication of 
work may be avoided. 

The method by which we function has been growing during 
the past 15 years. Our feeders may be the survey committees 
of the professional divisions, the National Research Council, 
or any individual member of the Society who may have a propo- 
sition to present. The subjects are brought in with full data, 
and a program is outlined, and reaches the Main Research 
Committee. We go back to the professional divisions and 
ask them for suggestions in the way of organizing the committee 
and from that point on the committee is granted funds with 
which to operate, and they proceed on their own so far as possible 

The Main Research Committee is called upon to assist in the 
way of an occasional donation or establishing contact from one or 
two other sources, but generally the committee is provided with 
funds for laboratory work from the outside sources. The 
manufacturers have been the largest contributors, 
in general they have been the ones who immediately benefit 
from the results. After this period of education has been com- 
pleted there is not nearly so much difficulty in getting the money 
required to carry on these experiments. 

With regard to a question that was raised this morning, we 
have 29 special committees under the direction of the Main Re- 
search Committee. Each of these committees is investigating 
a particular problem. About three of those committees ar 
working on fundamental research, and about 30 per cent of them 
are joint committees. When we find that the problems reach 
out beyond the field of any one society, we immediately establish 


because 


contact with the other groups. 

For instance, on our Boiler Water Committee, we received 
assistance from the American Water Works Association and the 
National Electric Light Association. There are other joint 
committees I could mention. In every case we make an effort 
to tie up with all of these groups, whether they are trade organ- 
izations or not, if they have an interest in the problem. In that 
way we can get the largest number interested and the greatest 
prevention of duplication of effort. When you have two groups 
working on a particular problem, you get farther ahead than 
you were working with only one group. 

In the problems which have been brought out already in this 
conference, such as the fuel-oil specifications, the design © 
the Diesel engine, and the matter of spray nozzles, etc., you 
have already the mechanism available to go into this matte! 
thoroughly if you want to make use of it. 


W. F. Joacum.* The National Advisory Committee at ' 


? National Advisory Committee for Aeronautics, Langley Fielé 
Va. 
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OIL AND GAS POWER 


Langley Field laboratories has been carrying on research on the 
high-speed oil engine for the past six years. One of the major 
activities that was first developed was the committee’s spray- 


photography equipment. 


This is a parallel apparatus to the equipment that Professor 
Schweitzer has shown you. Instead of injecting the sprays into 
a pressure chamber against a swinging pendulum, the com- 
mittee’s apparatus has a much smaller chamber with large 
optical-glass windows, and pictures are taken of the sprays on 
photographic film. The apparatus may be divided into three 
that part which produces the illumination, the 


The illuminat- 


major parts: 
part Which produces the sprays, and the camera. 
ing apparatus consists of 25 high-tension condensers, charged by 
a transformer of 2-kw. capacity to about 40,000 volts. These 
condensers are discharged through a rotary distributor disk 
about 30 in. in diameter, at the rate of from 2000 to 4000 dis- 
charges per second. The electric sparks, which are about 1 in. 
long, occur in a reflector and are focused upon the spray chamber. 

The sprays are produced coincidentally with the discharge 
of the electric sparks, so they are illuminated at a very high speed, 
The camera is on the opposite side of the spray chamber from the 
reflector and consists of a light tight-box containing a film drum 
about 12 in. in diameter, driven by an electric motor at high 
speed. As the sparks pass between the electrodes in the reflector 
they illuminate the spray nozzle first, then the tip of the fuel jet, 
then the fuel spray as it grows and develops, through the cut-off 
of the spray, and then its final development and dispersion. 
These spray images are caught by the film on the rotating film 
drum. The nozzle and fuel sprays are very well defined, even 
though the sprays themselves may be moving at a rate of 400 
or 600 ft. per sec. and the film may be traveling at the rate of 
200 ft. per see. 

With this apparatus the committee has studied the effects of 
injection pressure on the fuel, the effects of air pressure up to 
600 Ib. per sq. in. in the chamber, the effects of various nozzle de- 
signs, the effect of injection turbulence, injection tube length and 
diameter, the effect of various gases, various fuels, and so forth. 

In endeavoring to point out some of the things that have 
oecurred in our research activities that I believe indicate the 
importance of research, I want to tell you about my first attempt 
to design an injection valve for producing a uniformly distributed 
continuous spray in what might be termed a flat disk-shaped 
combustion chamber. 

tealizing that a very fine atomization was necessary for high- 
speed operation, I did not want to use sprays from round orifices, 
and | attempted to design injection valves using annular orifices 
and centrifugal force. I felt that if an injection valve could 
be designed to produce such a high centrifugal force that the 
fuel would be thrown outward in a horizontal plane, practically 
perpendicular to the axis of the orifice, we would have developed 
4 valve very much worth while. 

The centrifugal force was produced by turning multiple grooves 
on the end of the injection-valve stem, after carefully calculating 
the velocity of the fuel, which would lead the fuel into a small 
chamber and thence through a round hole. The final dispersion 
of the fuel after its exit from the hole was calculated to produce 
a cone with an angle of 120 deg. We tested it and it was about 
110 deg. The difference in cone angles can probably be ex- 
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plained by the adhesion of the fuel to the surfaces, surface tension, 
ete. When this injection valve was placed in the spray-pho- 
tography spray chamber and the injection of the fuel made in 
the air under pressure, the fuel spray which was just about right 
for injection into a flat-top combustion chamber, as viewed in 
night. It was 


the atmosphere, closed up like a rosebud at 


disappointing. The result of that test was that the spray was 
finally directed mechanically. 

In some of the committee's engine work which is carried on 
in single-cylinder aircraft engines, using Liberty engine parts, 
such as connecting rods, pistons, rings, valves, ete., we have 
had occasion to vary the size of round orifices in a vertical 
disk-shaped combustion chamber in order to determine the effect 
of orifices on the penetration, and the effect in turn of the pene- 
The orifices used in two of 
1/.9 in. The total dis- 
tance for penetration was about 4'/, in. The 
The power performance was 


tration of the jet in this chamber. 


the main jets varied from "jo in. to ? 
100 -in. orifice 
sprays did not reach the piston. 
not exceptionally good. In increasing the orifice diameter the 
performance improved, even though the sprays actually con- 
tacted with the piston head. 

Most of us have the idea that our fuel sprays should just reach 
the piston crown or the eylinder wall and should go no further. 
The writer believes that it is true with the cylinder wall, but 
of the piston crown, recent results have indicated it is desirable 
to have the spray hit the piston and then distribute itself at that 
point. 

Professor Schweitzer's spray chamber will give you information 
on sizes of injection valves which the committee is not prepared 
to test. The far has itself 
with eylinders of the aircraft size, 5-in. bore by 7-in. stroke, 


committee's work so concerned 
and by carefully programming the work and carrying it on with 
the spray-photography equipment, using those results to con- 
struct injection valves and fuel pumps, the performance obtained 
on the single-cylinder aircraft engines has improved at a rapid 
rate. 

In 1922 and 1923 the cylinder pressures in these single-cylinder 
units ranged from 1600 Ib. to 2000 Ib. per sq. in. The reason 
for this was that at that time the committee’s spray photography 
was not in operation. We needed more research. In the year 
succeeding, the cylinder pressure was reduced, first to 1000 
lb. per sq. in. and then to 800 Ib. per sq. in., and during this last 
year we have obtained at 1500 r.p.m. a brake mean effective 
pressure of 100 Ib. per sq. in., with a fuel consumption ranging 
around '/, Ib. per b.hp. and cylinder pressyres as low as 550 Ib. 
per sq. in. 

When these performances are corrected to multi-cylinder 
engine operation, the brake m.e.p. is 110 Ib. per sq. in. and the 
fuel consumption about 0.46 lb. per b.hp-hr. To obtain the 
same performance at 1500 r.p.m. as is obtained in engines 
around 600 r.p.m. is a considerable feat, and it could not pos- 
sibly have been done without the research facilities at Lang- 
ley Field and the money with which to back it up. The writer 
would like to say that Professor Schweitzer’s equipment is 
capable of doing the same thing in a somewhat different way 
for the oil-engine industry and would like to urge that each one 
here avail himself of the opportunity to carefully inspect the 
Pennsylvania State College equipment and get behind the project. 
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Diesel-Fuel-Oil Specifications 


By G. H. MICHLER,' NEW YORK, N. Y. 


The author gives examples of the various specification requirements 
encountered by the oil refiners, and points out the impossibility of 
carrying several grades of Diesel fuel oil at distributing points 
which are not also refining centers. Unless Diesel engines are 
constructed which can operate efficiently on a standard grade of oil 
of broad specification, ship operators will be unduly restricted to 
limited points of fuel supply and may be precluded from operating 
in the most desirable trade services. He suggests that three speci fi- 
cations would be sufficient: a minimum gravity of 24 deg. A.P.1., a 
maximum sulphur content of 1.5 per cent, and a minimum flash of 
150 deg., closed cup. 


to present to Diesel-engine engineers and manufacturers 

one of the problems facing the petroleum industry today in its 
endeavor to meet the varying demands made upon it for Diesel 
oil for the many types and makes of Diesel engines now in use. 
I therefore welcome the opportunity afforded to present a pic- 
ture of our problems with the earnest hope that this audience 
may feel they are worthy of consideration and may cooperate 
with us, after obtaining a closer understanding of the oil-suppliers’ 
situation, toward a simplification and standardization of Diesel- 
oil specifications. This cannot fail to operate to the mutual 
advantage of Diesel-engine designers and builders, Diesel-engine 
operators, and the suppliers of the fuel for these engines. 

Let me say at the outset that I do not believe the petroleum 
industry has any clearer understanding of your problems than 
you have of ours. It is only by an exchange of ideas from each 
side, for which this meeting furnishes an admirable opportunity, 
that each party igterested in the development of the Diesel 
engine can appreciate the limitations of the others. 


Jv BEEN hoping for some time to have an opportunity 


Grow1InNG ASCENDENCY OF THE DIESEL ENGINE IN THE MARINE 
TRADE 


The growing importance of the Diesel engine as an economical 
power unit cannot be overestimated. In one of its principal 
fields, the marine trade, its growing ascendency over steam power 
plants is attested to by Lloyd’s marine-construction figures for 
the year 1927, which reported that for the first time in history 
world-wide construction of Diesel ship tonnage exceeded con- 
struction of steam tonnage, the comparison being as follows: 


Steamers, Motor vessels, 
deadweight deadweight 
No. tons No. tons 
11 71,900 8 18,670 
Foreign........... 364 1,422,000 277 1,590,848 
375 1,493,900 285 1,609,518 


It will be noted that in Europe where the construction of motor 
vessels is considerably more advanced at the present time than 
in this country, motorship construction during the year surpassed 
steamer construction by about 200,000 deadweight tons. This 
represented a considerable advance in Diesel construction over 1926 
in which 925,837 deadweight tons of steamers were constructed 
48 compared to only 701,777 deadweight tons of motorships. 

When we consider that the fuel consumption in these large 
units bears a ratio of 1:3 as compared to fuel oil burned by 


Standard Oil Company of New Jersey. 

Presented at the First National Meeting of the A.S.M.E. Oil and 
Gas Power Division, The Pennsylvania State College cooperating, 
State College, Pa., June 14 to 16, 1928. 
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steamers under boilers to develop the same horsepower in com- 
parable tonnage, the importance of the Diesel engine as a factor 
in conserving the future world oil supply can be appreciated. 
Its advantage to the operator, particularly of freight ships, on 
long trade routes, is decided. His fuel consumption is materially 
decreased, making available more space in the ship for freight- 
earning cargo and requiring him to make fewer stops for fueling 
purposes. A good illustration of this is furnished by the recent 
development by some shipping companies of a fast round-the- 
world freight service by Diesel ships which, in some instances, 
practically bunker for the entire round at one port. 

Everything apparently justifies the operators’ investment in 
a comparatively high-priced piece of mechanism (in this country 
at least), but there is, as usual, a fly in the ointment. In this 
case it is the various types of Diesel oil required by different engine 
builders, and passed on by them to operators as a basis of per- 
formance guarantees. 


Various Types or Dieset DEMANDED 


Let me cite some examples: A couple of years ago a motor- 
ship made her maiden voyage from a United Kingdom port to 
the United States. The following is comparison of oil supplied 
the vessel in the United Kingdom and oil supplied by our com- 
pany at New York: 

United New 
Kingdom York 


sample sample 
26.7 30.2 
Flash, Pensky-Martens closed cup, deg. fahr.. .. 175 175 
Viscosity, Saybolt, at 100 deg. fahr............ 98 50 
Sulphur, bomb method, per cent.............. 1.34 0.4 
Carbon residue, per cent..................... 3.05 0.4 
Asphalt, Italian tar test, per cent............. 45 6 
Water and sediment.......................5. trace trace 


At the time of delivery, our knowledge of requirements of 
marine Diesel engines led us to believe that the oil furnished by 
us was very much superior to that furnished on the other side, 
and we believe that most Diesel-engine manufacturers would be 
of the same opinion. This is apparently borne out by the speci- 
fications issued by marine-Diesel-engine builders from time to time. 

In actual operation of the vessel, however, serious trouble was 
encountered, and all of the trouble was laid to the oil by the 
operators of the motorship. As an experiment, we mixed 40 
per cent of a heavy residue oil with Diesel oil, which had the 
result of reducing the gravity, increasing the viscosity, sulphur 
content, and coke residue, and very materially increasing the 
asphalt content by what is known as the Italian tar test, also 
reducing the B.t.u. per lb. In other words, the oil was brought 
to what we consider a poorer quality and made to conform more 
nearly to the grade of oil delivered in the United Kingdom, which 
appeared to operate successfully. Whether the trouble was due 
to the grade of oil delivered or mechanical troubles of the engine 
we are not in position to say. Under any circumstances, the 
operators claimed that by blending what we considered an in- 
ferior oil, their troubles were overcome. This is only one illus- 
tration of the difficulties we have encountered. 


VARIOUS SPECIFICATION REQUIREMENTS OF SHIP OWNERS 


One of the largest customers of the company which I represent 
who buys a considerable volume of Diesel oil for his ships at 


OGP-50-10 


4 
a 
Be 
| 
— 
* 


38 


North Atlantic and U. 8. Gulf ports insists on various specifica- 
tions for different ships, although all of them were engined by 
the same company in Europe. For some of his vessels he re- 
quires a maximum sulphur content of 0.75 per cent, and a 
minimum A.P.1. gravity of 26 deg. For other vessels he limits 
the maximum sulphur content to only 0.5 per cent and stipulates 
that gravity shall not be below 27.5 deg. These specifications 
are drawn in accordance with the guarantee of the engine builder. 
Vessels with engines of the same make have operated success- 
fully for years on the West Coast on an oil with a sulphur content 
of over 1 per cent, and gravity at times as low as 24 deg. For 
several years our company had a contract with another ship op- 
erator who required Diesel oil of a minimum gravity of 33 deg. 
A.P.I. Builders’ specifications were again given as the reason. 

Another of our contract customers requires the following mi- 
nute specifications of Diesel oil for delivery to his ships: 


Viscosity at 100 deg. fahr. Saybolt Universal, sec. maxi- 

Flash point, Pensky-Martens closed cup, deg. fahr.. 150+ 

0.05 


Ash, per cent, not more than.................. ; 
Hard asphalt, insoluble, per cent, less than Puts 1 


Coke, per cent, not exceeding... . 1.5 
Hydrogen, per cent, not less than. 11 
Carbon, per cent, not less than...... S86 
Oxygen, per cent. ‘ none 
Cold test, deg. fahr., not t more than : 46 
Water, per cent, not to exceed.. 0.5 
Sulphur, per cent, not more than. . ‘ 1 
19,000+ 


It is natural that Diesel-engine builders should wish to insure 
a supply to their engines of fuel oil ideally suited for their best 
performance. It is further natural that in the course of evolu- 
tion, through which any new type of machinery must advance 
toward perfection, there should be a wide variation in the ideas 
of different manufacturers as to what constitutes a suitable fuel 
for their particular engine. One present phase of evolution is 
that manufacturers are endeavoring to construct engines which 
will operate on heavier oils. In doing this it seems that these 
engines will not operate on lighter grades of oil such as are con- 
sidered more desirable for other engines. Each manufacturer 
seems to have a different idea of the grade of oil required for his 
particular engine. Sulphur is sometimes blamed for all troubles 
encountered, and some manufacturers, as mentioned previously, 
are requiring that oil should be used containing not more than 
0.5 per cent of sulphur. It is our view that to limit sulphur to 
this low percentage is unnecessary, and further it is our view 
that a great many of the other specifications demanded are un- 
necessary. During the early period of development of the 
Diesel engine, such varying requirements in fuel specifications 
were perhaps excusable. Is it not a fair question to ask today, 
however, whether the Diesel engine has not developed to a point 
where such minute and variable specification restrictions are no 
longer either necessary or desirable? Their continuation can 
have only one result, and that an unfavorable one, to the further 
progress of the Diesel engine: higher cost of Diesel fuel oil. 


PRoBLEMS OF THE PETROLEUM INDUSTRY 


To clearly appreciate the reason for this statement requires an 
understanding on the part of the engineering fraternity of the 
problems of the petroleum industry. 

In a great many cases the exacting specifications now re- 
quired cannot be met, or if they can be met the oil can only be 
delivered from refining centers, as the specifications demand 
running a special batch of oil, carrying it in separate tankage, 
and delivering through clean lines or barges so that the oil will 
not become contaminated with what has heretofore been con- 
sidered a standard grade of Diesel oil. Take, for example, 
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unnecessarily restrictive sulphur limitations. They may require 
the fuel-oil supplier to manufacture a special batch of Diesel vi 
from low-sulphur crudes, which either may not be availalle 
when delivery is wanted or else are considerably more expensive 
than crudes of a higher sulphur content that would be suitalle 
for the manufacture of Diesel oil of a more liberal sulphur speciti- 
cation. 


IMPOSSIBILITY OF CARRYING SEVERAL GRADES OF O11 aT Points 
Nor REFINING CENTERS 


We do not believe that consideration has been given to the fact 
that it is impossible to carry several grades of oil at distributing 
points which are not refining centers. If the oil industry at- 
tempted to do this it would have to invest millions of dollars in in- 
creased tankage in order to carry separate grades of oil at different 
points where there might only be a demand for the special grade re- 
quired once a year. It will be readily seen that this does not fit in 
with refinery operations, nor does it fit in with tank-steamer deliy- 
eries. It is of course impractical to carry several different grades of 
Diesel oil on a tanker making delivery from a refinery point to 
an oil-distributing station. Imagine a distributing station on 
the Atlantic seaboard where storage sufficient for the volume of 
business done is replenished by tanker deliveries from the nearest 
refining center. Imagine at the same time having contracts 
with shipping interests, one of which calls for a minimum gravity 
of 33; another of which prefers 24 gravity and does not under 
any circumstances want to exceed 28; one of which has a sulphur 
limitation of 1 per cent; another sulphur maximum limitation of 
0.5 per cent; and still another which has ten or a dozen minute 
restrictions with reference to viscosity, ash, hard asphalt, coke 
hydrogen, carbon, oxygen, etc. Suppose, further, that against 
each one of these contracts only one vessel per year calls for 
bunkers; a tremendous investment would have been made for 
separate tankage, lines, and transportation from the refining 
point against each of the contracts made, and perhaps one de- 
livery of, say, 2000 barrels of each grade would represent the 
return on the investment. 

We feel that Diesel-engine manufacturers overlook the fact 
that crude petroleum is produced in a great many sections of 
the world. All of these crudes vary in their characteristics. In 
the United States foreign crudes will be received from Peru, 
Mexico, Colombia, Venezuela, Trinidad, or the Argentine, and 
in addition to these foreign crudes Atlantic Coast refineries may 
be receiving crudes from Pennsylvania, Illinois, Kansas, Arkan- 
sas, Oklahoma, Wyoming, Texas, or California. Some ar 
primarily asphaltic-base crudes, some naphthene- and some 
paraffine-base, and all vary in their other characteristics. Fur- 
thermore there may be some variance in crudes from different 
sections of these various producing divisions. 

Consider for a minute the operation of an oil refinery on the 
Atlantic seaboard. It will receive daily by pipe line and tank 
steamers crudes of widely varying characteristics from differen! 
parts of this country or imported from other countries. Th 
problem is to extract from these crudes various grades of finished 
products, aviation naphtha, gasoline, lubricating oils, grease 
wax, kerosene, gas oil, Diesel fuel oil, light fuel oil for metallurg 
cal work, bunker C fuel oil, and asphalt, not to mention a larg 
assortment of specialties. You can readily appreciate the null- 
ber of stills, lines, and tanks required to handle such a volume 
products from different kinds of crude oil. Let us go further 
still and imagine the result of a dozen or more of different sets © 
specifications being required for each one of the long list of fit 
ished products—the result is obvious. It means multiply 
refinery equipment and expense to a point beyond all reas0® 
The cost of finished products must compensate for the unreaso! 
able extension of equipment. It is perfectly true that there & 
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necessity a highly specialized product, but you do not buy lubri- 
cating oil at a Diesel-fuel-oil price. 


CONSIDERABLE REQUIRED IN DrRawiING 
SPECIFICATIONS 


It is therefore clear that there must be considerable latitude 
in drawing up Diesel-oil specifications. An exacting specifica- 
tion drawn up to meet a Diesel-engine fuel oil that might be 
made from Mid-Continent crudes would quite likely not be met 
with Diesel-engine fuel oil produced from California, Venezuela, 
Mexico, or Texas crudes, nor could such a specification be met 
by refiners who are running a great number of mixed crudes. In 
other words, if an attempt is made to segregate crudes to pro- 
duce Diesel oil only from a selected crude, the cost of the product 
would be high. 

As we see it, the successful development of the Diesel engine 
is dependent on a supply of Diesel-engine fuel oil at the lowest 
possible price. The main obstacle in the future to a reasonable 
price is the lack of a standard Diesel-oil specification with suffi- 
cient flexibility to permit refiners to utilize crudes from various 
sources and to carry one grade of Diesel oil in tankage at different 
points. Unless this is done, the future progress of the Diesel 
engine is going to be very materially handicapped. This handi- 
cap will be twofold: in the first place, the cost of manufacturing, 
handling, and storing a variety of different grades of Diesel oil 
may cause the price to mount to a point where it would destroy 
the economy which rightly belongs to the Diesel engine due to its 
low fuel consumption. In the second place, unless Diesel engines 
are constructed which can operate efficiently on a standard grade 
of Diesel oil of broad specifications, ship operators will be unduly 
restricted to limited points of fuel supply. This feature might 
very easily preclude their operation in the most desirable trade 
services. 

From the standpoint of the oil companies the question of 
specifications is considerably simplified if they are limited to 
three: minimum gravity, sulphur content, and flash. With re- 
gard to the first, it is our feeling that a minimum gravity of 24 
deg. A.P.I. should be generally satisfactory. We believe that a 
maximum sulphur content of 1.5 per cent should be acceptable. 
Minimum flash of 150 deg. closed cup has always been the stand- 
ard. We should welcome an expression of opinion from you as 
to the suitability of these specification limits, and whether 
you do not feel that further restricting specifications are un- 
hecessary. 

I know you are all interested in the advancement of the Diesel 
engine. I am sure you agree that that advancement depends 
upon a suitable future supply of Diesel-engine oil at a reasonable 
price. I am equally sure that you have not been in a position 
torealize the fact that varied and restrictive specifications present 
aformidable obstacle to low-priced Diesel oil. I have endeavored 
in what I have said to show you that that is the case. The more 
liberal the specifications of oil demanded for Diesel engines, the 
greater the security of an adequate supply of fuel oil for them at a 
reasonable price in the future. To this extent the success of the 
Diesel engine is in the hands of its designers and builders. 


Discussion 


J.J. Brosuex.? The Navy is a large consumer of Diesel oil, 
pmncipally as fuel for the engines of submarines, of which there 
are about eighty in service at the present time. Contracts for 
the oil are made by the Bureau of Supplies and Accounts in 
Washington, and all of it is required to be in accordance with 


*Commander U. 8. N., Navy Yard, Philadelphia, Pa. 
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a great number of different grades of lubricating oil, which is of 
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Navy Department Specification 7-0-2 of May 1, 1925, only one 
grade of fuel oil for the Diesel engines of submarines being pro- 
vided for. 

General requirements in the specifications provide that the 
fuel shall be a hydrocarbon oil, free from grit, acid, and fibrous 
or other foreign matters likely to clog or injure the burners or 
valves, and, if required, shall be strained by being drawn through 
filters of wire gauze, 16 meshes to the inch. The oil must comply 
with the following five detail requirements: 


1 The flash point shall not be lower than 150 deg. fahr., Pensky- 
Martens closed tester 

2 Water and sediment combined shall not amount to more 
than 0.5 per cent 

3 The total sulphur content shall not exceed 1.50 per cent 

4 The viscosity shall not be greater than 200 sec. at 32 deg. 
fahr. by the standard Saybolt Universal viscosimeter 

5 The ash shall not exceed 0.1 per cent. 


The requirement of 150 deg. fahr. as the minimum flash point 
is standard for all grades of fuel oil used in the Navy except in 
the case of very heavy oils, when the flash point is required to be 
not less than the temperature to which the oil must be heated to 
give a viscosity of 8 deg. Engler or 30 sec. at 150 deg. fahr., 
Saybolt Furol. 

A limit of 0.5 per cent of water and sediment is believed to 
be ample. This item is not included in the three specifications 
which are recommended by Mr. Michler, but it is considered a de- 
sirable one. 

The sulphur content has been the subject for much discussion 
and thought, and only as recently as 1924, one year before the 
specifications now in use were issued, a sulphur content of not 
in excess of 1.0 per cent was required for Diesel oil; but oil with 
this comparatively low sulphur content was hard to get at a 
reasonable price, so the limit was raised to 1.5 per cent. There 
was a general belief that sulphur in the fuel had a decidedly corro- 
sive effect, but with existing designs of engines there has been 
practically no complaint from vessels on this score. Examina- 
tion of a large number of submarine engines has shown no pitting 
or corrosion that could be attributed directly to sulphur in the 
fuel. 

Fuel for the Navy, whether Diesel or bunker oil, is never pur- 
chased under a gravity specification; the limiting factor for naval 
requirements is viscosity. For use on submarines the oil must 
flow readily even at a low temperature, and this quality cannot 
be covered by a gravity limitation since oils of the same gravity 
may have entirely different viscosities. At the fuel-oil testing 
plant in the Navy Yard at Philadelphia, there were recently 
tested two oils with identically the same gravity, 18 deg. B.; 
one, an Asiatic petroleum, had a viscosity of 4 deg. Engler at 90 
deg. fahr; the other, an East Coast oil, had a viscosity of 4 deg. 
Engler at 189 deg. fahr. 

The ash content is specified at less than 0.1 per cent and is kept 
low, because if present in any quantity it might cause serious 
injury to the working parts of the machinery. With the Diesel 
oils ordinarily supplied this requirement should present no diffi- 
culty. 

To insure that the specifications are complied with, three 
representative samples are taken from each lot; one sample is 
tested by a Navy inspection office, one is for the contractor 
supplying the oil, and the third is for reference to the Bureau of 
Standards in case of a dispute as to the quality. 

The Navy has had no trouble in obtaining fuel meeting the 
requirements of these specifications at a reasonable price; con- 
tracts are usually made for six months or a year and provide for 
deliveries of estimated quantities at certain designated ports 
both on the East and West Coasts. 
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O. H. Wetse.* The author has indeed rendered a splendid 
service in bringing to the attention of the Diesel-engine builders 
the lack of standardization of Diesel-fuel-oil specifications, and 
in the construction of engines which should burn the same quali- 
ties of oil so as to avoid the necessity of storage of various grades 
of fuel oil suitable for Diesel engines. 

The shipowners operating Diesel-engined vessels have interests 
common with the petroleum industry in desiring a standardiza- 
tion of Diesel-fuel-oil specifications and should welcome the formu- 
lating of such a standard in order to insure the procuring of 
suitable oils at a more reasonable price, which such standardiza- 
tion would no doubt bring about. At the present time every 
Diesel-engine builder has specifications for fuel oils which in 
many instances have been found to meet the requirements of 
their engines, and in other cases grades of fuel oil have been arbi- 
trarily selected which would be more beneficial to the life and 
operation of the engine, thus avoiding complications which would 
necessitate costly experimental work in developing fuel-injection 
systems in order to make their engines suitable for burning a 
heavier grade of fuel oil. Such divergence of opinion of Diesel- 
engine builders has brought about a condition which requires 
a considerable variation in the qualities of fuel oils required for 
Diesel engines, and which burdens the purchasers as well as the 
petroleum industry. 

The above statements are borne out by the examination of 
the questionnaires submitted by engine builders with their 
bids on main and auxiliary engines recently opened by the 
Shipping Board. 

The lowest grades of fuel which the various builders claimed 
they could use in their engines successfully varied between the 
following characteristics: 


.56 to 1000 


. .0.05 to 35 per cent 
. .0.20 to 5 per cent 


It may be of interest to know what fuels were used on the tests 
of the main and auxiliary engines built for the Shipping Board 
during the initia] program which is tabulated below: 


1 2 3 4 5 6 

Baumé at 60 deg. fahr..... 26.8 24.9 21.1 25.6 20.3 19.70 
Viscosity, Saybolt Furol, at 

OE eee 46.5 53.0 50.8 19.0 67.2 202.0 
Carbon, per cent.......... 86.5 are 85.6 85.8 7.6 86.99 
Hydrogen, per cent........ 12.4 — 11.99 12.5 11.6 11.43 
Sulphur, per cent.......... 0.66 0.76 2.53 1.06 0.40 1.12 
Oxygen and nitrogen ( Diff.) 0.28 0.95 0.62 0.38 0.46 
High H.V................+ 19,374 19,180 18,780 19,164 19,002 18,954 
Low H.V 18,188 18,020 17,7 18,071 17,917 17,883 


Average temp. of fuel during 
test, deg. fahr........... 621/23 145 140 =73'/2 88 72 
In establishing a specification for Diesel-engine fuel oils, the 

lowest quality should be established so that the owner of a 

Diesel-engine plant could obtain the advantage of low-priced 

fuels, which should enhance the economic value of the Diesel 

engine. 

In the case of marine Diesel engines, the chief saving lies in 
the annual fuel bill, and therefore the lowest quality established 
as satisfactory would give the greatest saving, which naturally 
is of paramount importance. There is also the advantage that 
by setting a fairly low limit on the quality of fuel oils, the engine 
builders would be encouraged to strive toward the construction 
of engines which would meet conditions required for the use of 
this grade of oi], which would also be a stride forward toward the 
development of the Diesel engine. 

The author did not mention viscosity, which appears to be 


8 U.S. Shipping Board, New York City. 


the chief characteristic of fuel oils giving the engine builders 
concern, These oils must have a viscosity low enough to readily 
flow to the fuel pump and through the small piping between the 
fuel pump and fuel valves, so that if the highest viscosity per- 
missible at the fuel pump is established, there is little reason to 
consider gravity. 

The author’s selection of the maximum sulphur content of 
1'/. per cent seems reasonable, and in addition to the foregoing 
characteristics, ash and coke should be limited, as coke has a 
tendency to gum up the cylinders and piston rings, while ash, if 
found to any great extent, will have a detrimental effect in 
causing excessive liner and piston wear. 

It has been rumored that one of the Standard Oil groups in the 
East has been carrying on experiments to develop a Diese! oil 
by treating ordinary bunker C by some process in order to re- 
duce its viscosity, and it would be of interest to have the author 
give such information as he may be willing to disclose relative to 
the success that has been attained with these experiments, and 
also how the cost of this oil would compare with that of ordinary 
boiler fuel. 


Ernest Nipss.‘ Many expert chemists who have grown up 
with the oil industry frankly state that they know comparatively 
little about the complex structures forming what are known as 
crude oils. In refineries, similar processes on different crudes 
result in differing products; different processes on similar crudes 
also differ in the results; and similar processes, except for small 
changes in temperatures and pressures, will produce different 
results from similar crudes. When it is considered that oil 
companies endeavor to market all their product, adjusting their 
processes best suited both to their raw material and the market 
of the moment, it is not to be wondered at that the Diesel-engine 
manufacturer as well as any other consumer receives a consicer- 
ation exactly in proportion to the value of the oil company’s 
product for which he provides a certain market. 

Meanwhile the Diesel builder produces a Diesel engine. It 
is tested thoroughly, marketed, and after a time the customer 
comes along and says his engine will not burn the only oil he can 
obtain in such and such a place. Sometimes he says, “I can get 
burnable fuel, but I want to use the cheapest possible.”’ Another 
says, ““‘The engine must use oil picked up at any bunkering port 
in the world.”” And so the engine builder responds, and tests 
various kinds of fuel procured from many various fields, only to 
find that some unexpected results occur. By experience he finds 
that oils above a certain viscosity number have to be heated, 
and that goes into his specification; other oils, even if heated, 
give him trouble with wax in spray valves or carbon in valve 
passages; others seem to delight in depositing a sticky, resinous, 
asphaltic substance on and behind piston and rings, while som 
cause steel and iron parts to corrode extensively. Very naturally 
he specifies characteristics which he has found will give good 
service in his engines; but as all engines are not alike, as many 
fuel specifications exist as there are engines. 

Mr. Michler proposes three qualities only: maximum specifi 
gravity, maximum sulphur, and minimum flash point. With 
numbers 2 and 3 I am in agreement; the third for the reason that 
the insurance societies insist on a minimum flash point of 1% 
deg. fahr., and this requirement is of the nature of one imposed 
on two parties by a third party; the second, because up to 14 
per cent sulphur my experience leads me to anticipate no trouble; 
but the first does not appear to me to be sufficiently fundament# 
or embracing. 

Will specifying specific gravity alone or in combination with 
maximum sulphur and minimum flash point prevent an oil's being 

4Chief Engineer, New London Ship & Engine Co., Groto® 
Conn. 


{ 
( 
‘ 
| 
t 
t 
t 
t 
fi 
0 
a 
ef 
fu 
al 
m 
al 
in 
pr 
ex 
he 
ar 
; Viscosity, Saybolt Furol, 60 deg. fahr...... Pe wi 
oil 
Sp 
Ba 
Fi; 
Vi 
Ca 
Ag 
Wi 
Re 
Lo 
Ult 
firs 
ver 
aro 
T 
sho 
sup 
to 1 
first 
hea: 
clea 


OIL AND GAS POWER 


supplied that will not flow at ordinary temperatures? Will it 
limit the amount of water that may be in the form of a mixture 
oranemulsion? Will it prevent too great a proportion of bottom 
ends being blended with a high-grade distillate? Will it insure 
a fuel that will not settle out into its original parts when in 
storage? I do not think it will, and yet all these points are im- 
portant. Consider tar, asphaltum of the hard and soft varieties, 
resins, waxes, and coke; think of the various tests and names of 
the tests designed to define these constituents; the Italian tar 
test, which I confess was first called to my notice by Mr. Michler; 
the test by the Nolde method; the California tar test; the various 
degrees of purity of the petroleum ether used in dissolving the 
tar content, and likewise that of the benzine also used as a sol- 
vent. Therefore the first step to any fuel specification is to 
further standardize nomenclature of the various tests. Many 
of these are standardized already, the A.S.T.M. having done good 
work in this connection, but those in connection with tar and 
asphalt need some attention. Likewise the terms “‘tar,”’ “pitch,”’ 
“asphaltum of the hard and soft kinds,” “asphaltic residues,’ 
ete., require definition and general adoption. After this has 
heen done, the hardest part remains, viz., specifying ‘Diesel 
fuel” that will be fair to all engine builders, to the operators 
and owners of engines, and to the oil producers. It involves 
many things: whether the specifications are to be international 
and (or) national, national and (or) regional; whether the fuel to 
be specified is intended to be consumed by marine or stationary 
internal-combustion engines where ignition is by heat of com- 
pression only, including hot-bulb engines, or consumed by engines 
excluding these latter; whether the classes of fuel, if classes there 
be, shall limit in both directions or only one. 

Here are the analyses of two different fuel oils, both of which 
are supposed to be suitable for Diesel engines (the latter of which 
will be pumped to a ship whether bunker fuel A, B, C, or Diesel 
oil is ordered): 

Specific gravity 0.9371 0. 9395 

Baumé 19.5 19.1 

Flash 235 deg. fahr. 220 deg. fahr. 

Viscosity at 77 deg. fahr. Saybolt 

Viscosity at 122 deg. fahr. Saybolt 
Universal . 

Carbon residue, Conradson 

Asphaltic matter, A.S.T.M. precipi- 
tation No., using petroleumether 20 4.8 

Water (distillation method). . . . 0.70 percent 0.42 per cent 

Remainder after distillation by Eng- 
ler method up to 620 deg. fahr.. . 

Low heating value......... 

Ultimate Analysis (percentages) 


950 sec. 93 sec. 


50 sec. 
1 50 per cent 


250 sec. 
6.02 per cent 


42 per cent 
17,264 B.t.u. 


68 per cent 
17,805 B.t.u. 


Cc 84.76 87.34 
H 64 11.04 
Sulphur... 83 0.37 
Ash ; 06 0.02 
N a 48 0.06 
O and undetermined. 2 23 1.17 


Both are not really good. They can be utilized, although the 
first requires heating to handle properly, and the second, though 
very fluid, has some high-molecular-weight compounds, probably 
aromatics, that are hard to burn. 

The M.A.N. Company consider, in general, that viscous oils 
should be burnt with a small charge (about 5 per cent) of a 
superior grade of fuel; if this be not done, then in time the oper- 
ator will pay excessively for wear and tear and maintenance due 
to unburnt fuel at light loads, besides having paid more in the 
first case for extra installation features, comprising special 
heaters in tanks, supply-line pumps, pipes on engines, special] 
cleaning and filtering arrangements, and stowage for different 
fuels. Simplicity and reliability are the great needs of today in 
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the marine world; many intricacies and complications are un- 
avoidable, and we should therefore avoid those we can, especially 
in modern ships which can carry sufficient fuel for round-the- 
world trips from selected ports. 
In order to present an alternative to Mr. Michler’s proposal 
I submit the following as reasonably insuring a fuel that I be- 
lieve would give satisfaction for guarantee purposes and con- 
tinued operation for marine and stationary installation without 
pressing unduly hard on oil refiners for output or consumers 
for cost; and I would point out that specific gravity is not in- 
cluded in the requirements. 
Marine Stationary 
Flash point, insurance-company re- 
quirement, deg. fahr.,notlessthan. 150 150 
Heat content, operators’ requirement, 
B.t.u. per lb., low heating value, 
minimum 
Water content, operators’ require- 
ment, per cent, not over......... 0.05 0.05 
Viscosity, operators’ and builders’ 
requirement, Saybolt Universal at 
70 deg. fahr., not over eilang 
Sulphur content, operators’ and 
builders’ requirement, per cent, not 


17,500 17,500 


200 sec. 200-700 sec. 


ment, remainder after heating to 
660 deg. fahr., per cent, not more 
than 
Coke, builders’ requirement, Conrad- 
son test, percent, not over...... 2'/2 


The engine builders are just as keen as the oil producers and 
engine operators to combine and specify a Diesel fuel such that 
all three industries may be run on a basis which will permit them 
all to obtain a fair return for their labor. 


J. W. Morton.’ There are two methods for utilizing liquid 
fuels for the generation of power: either the engines are adapted 
to the fuels, or the fuels are adapted to the operations of the 
engines. Sustained efforts are at present made in both directions, 
but whereas up till now engineering has been principally con- 
cerned with the first-named method, the oil industry has lately 
commenced to advance along the second line of procedure. For 
the Diesel engine, however, the results of these efforts are as 
yet insignificant. 

I fully agree with Mr. Michler that an endless number of fuel- 
oil grades are just as perplexing to the Diesel-engine designer as 
it is for the oil refiner to have to furnish a special grade of fuel 
for every motor vessel in port. 

For large horsepowers, two means are at hand for the designer: 
either increase the number of cylinders for a given bore, or in- 
crease the bore for a given number of cylinders, in order to obtain 
the desired horsepower. The shipowner is especially interested 
in smaller weight and space, resulting in lower first cost and 
larger-cargo earning capacity. The designer is interested in 
his cylinder dimensions, whether he can satisfactorily and com- 
pletely burn his fuel-oil charge. The operating engineer is 
generally interested in the simplicity of his engine or engines, 
so that they will burn almost any kind of oil without changing 
all his valve settings, heating the oil, ete. Thus a uniformity in 
Diesel-oil specifications is a factor that interests more than one 
party. 

I do think it is wrong for any builder to specify a certain grade 
of fuel oil; first, because the engine should be built so as to take 
care of a certain fluctuation in fuel Baumés, and secondly, it in- 
volves storage of maybe just as many grades of fuel oil as we 
have engine builders. With the present-day non-corroding steel 
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suitable for valves, I do not think sulphur plays such an important 
role that it is necessary to restrict its limit. I agree with Mr. 
Michler that a Diesel engine should more or less be able to “‘di- 
gest” all kinds of “food,’’ within certain limits of course. Once, 
however, the engines are out of the hands of the builder, it is 
principally a question for the shipowner, as the rea] problem is 
one of upkeep, maintenance, and possible delay. 

So far, certain regulations have been laid down regarding oils, 
and they have been divided into more or less useful and service- 
able fuels. But the present aim of Diesel engineers is to build 
engines in such a way that all liquid fuels, including the most 
inferior and especially residues from the oil industry, may be 
used without any particular chemical or physical preparation. 
And this feature is responsible for the high degree of economy of 
the Diesel engine. 

A preliminary condition for the use of any liquid fuels in 
Diesel engines is an exact knowledge of their chemical and physi- 
cal properties. Strange to say, no sufficient attention has been 
paid up till now to the chemical and frequently also to the physi- 
cal properties of liquid fuels with regard to their applicability to 
various classes of internal-combustion engines, and above all 
to the Diesel engine. 

For the chemical properties of liquid fuels with respect to 
their use in the Diesel engine, the following factors are of im- 
portance: 


1 General chemical composition for ascertaining: 

a Ignition and combustion and the equipment required 
for same 

b Effect of a possible presence of sulphurets on engine parts 
that come into contact with either the fuels themselves 
or with the combustion and exhaust gases 

c Possible effect of the presence of asphalt components, 
especially in case of their incomplete combustion 

d Effect of the presence of free carbon. 

2 The ash contents, ie., purely inorganic incombustible 
combinations or incombustible residues of salts from or- 
ganic acids which adhere to the engine parts after com- 
bustion and cause wear and tear. 

3 The heating value for approximately judging the type of fuel 
and determining the consumption and thermal efficiency. 


Of the physical properties of liquid fuels the following are 
important: 


4 The specific gravity, for an approximate estimate of the fuel 
and heating value and for determining the space required 
for fuel consumption and fue! requirement. 

5 The flash and the combustion point, for an estimate of the 
fuel, the danger of fire and the requirements for storing. 

(Points 4 and 5 do not concern the work of the engineer.) 

6 The boiling curve, for ascertaining the composition in quality 
and quantity of the boiling points of its various com- 
ponents. 

7 The viscosity at various temperatures, for ascertaining the 
degree of fluidity and the contrivances necessary for the 
feed and conveyance to and within the engine and for 
determining atomization by air or mechanical pressure 
into the combustion chamber. 


As regards the technical treatment of oils, to this must be added 
the presence of water and mechanical impurities, which can be 
reduced to the lowest possible minimum for permanent work 
by separation, evaporation, or filtering devices. 

The burning of heavy oils in an oil engine is a point of great 
interest. It is true that solid impurities may be fairly readily 
separated from the oil by mechanical means such as filters, set- 
tling tanks, and centrifugal separators; but it is the hard asphaltum 


case formed during the combustion that is the troublesome ele- 
ment. Hard asphaltum can be completely burned and is burned 
in some oil engines, all that is required being sufficiently congenial 
conditions of temperature and time coupled with sufficient air, 
The secret of burning asphaltum is to obtain as perfect com- 
bustion as possible. The indication of good combustion is low 
fuel consumption on an i.hp. basis, and generally speaking the 
engine with the lowest fuel consumption per i.hp. will most read- 
ily burn hard asphaltum. The fuel-injection system associated 
with the lowest fuel consumption on an i.hp. basis will generally 
be the system most suitable for using boiler oils with hard as- 
phaltum content; but at the present day there seems to be little 
to choose between the best systems of either air or mechanical 
injection as regards fuel consumption per i.hp. Obviously, 
however, the engine with the lowest consumption per b.hp. will 
burn a minimum of oil and therefore is subject to a minimum of 
abrasive matter in the oil. This latter may appear unimportant 
at first sight, but it must be remembered that there are well- 
known Diesel engines burning 0.44 Ib. per b.hp. and others burn- 
ing 0.36 Ib. per b.hp. under service conditions, a difference of 
25 per cent. It is here that some solid-injection oil engines will 
show a distinct superiority. 

Broadly speaking, therefore, it may be said that any contriy- 
ance or construction, such as improved shape of combustion 
chamber, which will tend to reduce the fuel consumption will 
also tend to reduce the formation of asphaltum coke. The fore- 
going is an illustration of the necessity for obtaining the best 
possible fuel consumption not only on the grounds of economy 
of fuel but also because it means perfect combustion with con- 
sequently improved operating conditions of the cylinder parts. 

Most of our fuel-oil specifications are incomplete, I think. 
The more readily the heat units can be converted into work, 
the higher the price that can be paid for the fuel. The connection 
or ratio between the hydrogen and carbon atoms in the fuel oil 
is a good measure for its suitability in oil engines, but these are 
generally omitted in the ordinary specifications submitted when 
bunkering. The hydrogen content is a direct measure of the 
formation of a volatile “oil gas,”’ assured by the great heating-up 
of the oil. The more susceptible the oil is to formation of this 
gas, the better it is suitable for oil-engine service. 

This ratio, as specified by some well-known European ship- 
owners, is expressed by the percentage of the carbon and hydrogen 
atoms combined in the fuel, i.e., 


H Per cent of H in oil X 12 


C cent of C in oil 


The best all-around results are obtained when this ratio is as 
near as possible to 2, and it should not fall below 1.6. 

The use of “‘boiler oil’ for oil engines is principally a question 
for the shipowner, as the real problem is one of upkeep, mainte- 
nance, and possible delay. Oil engines can be run on boiler oil 
satisfactory if care is taken to rid the oil of water, sand, and other 
earthy matters by heating and centrifugal force. The heating 
is also necessary to enable the oil to be pumped and to permit of 
proper atomization, and excepting for a slightly higher fuel con- 
sumption, it is, so far as running is concerned, a perfectly good 
oil to use. 

Both ash and hard asphaltum are very undesirable and must 
be avoided on account of the abrasive action within the cylinder, 
which spells “repairs,” and it resolves itself into an economic 
question whether the saving in fuel cost warrants the greater 
detention and repairs. Whatever policy is adopted, it is cer 
tain that all motorships should be capable of burning oil fuel in 
the event that Diesel oil is not available at some bunkering 
station. 

It is interesting to note what the author says about the im- 
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portance of the sulphur content of the oil. Where damage has 
occurred, it might have been caused by other constituents of the 
oil. It is reasonable to suppose that sulphur could not form 
sulphurie acid within the cylinder because of the temperature’s 
being too great. 

I think I am right in quoting that from the separation of crude 
oil 15 per cent is classed as gas oil and 45 per cent as boiler oil. 
The latter percentage is sure to increase at the expense of the 
former through the ever-increasing demand for the lighter dis- 
tillates, particularly gasoline and thus we come to the crucial 
question: What is a shipowner to do in a few years’ time with an 
engine which is restricted to the use of an engine oil that is difficult 
to obtain? Builders must prove to owners and superintendents 
that the use of boiler oils does not necessitate repairs if the oil is 
properly rectified. 

The ash content in oil used in Diesel engines should be as low 
as possible, since ash causes wear on the cylinder liners and piston 
rings. A figure of 0.05 per cent should never be exceeded, and 
this is higher than desirable. In a few motorships boiler oil is 
now being exclusively employed for the Diesel engine, and the 
best results appear to have been achieved when arrangements are 
made for purifying the oil by means of centrifugal separating 
machines. The main object of their employment is the elimina- 
tion of all water (which is less easy of separation in settling tanks 
than is the case with Diesel oil), as well as the ash content so far 
as possible, together with mechanical impurities. In all cases 
where boiler oil is employed it must be heated by steam coils in 
the tanks or by other means, while steam heating should also be 
provided in the gravity tank. The centrifugal machines are 
comparatively small plants driven by electric motors (or steam 
turbines) at a high speed of rotation. It may be estimated that 
about 50 per cent of the ash content in the oil can be removed by 
centrifuging, while the water can be totally eliminated. As- 
phaltum is not removed by passing the oil through a centrifugal 
separator, but this has no detrimental influence in the Diesel- 
engine cylinder. 

The flash point at which oil can be carried on motorship has 
been reduced to 150 deg. fahr., so that ships may bunker at prac- 
tically any port they like to visit. Settling tanks should be high 
and of small horizontal area and provided with heating coils 
fitted vertically for about two-thirds of the height of the tank to 
insure rapid and uniform heating of the whole of the oil in the 
tanks. The heating surface necessary is approximately 2.5 sq. 
ft. per ton of tank capacity. If viscous oil is likely to be used, 
heating coils should be fitted in the main fuel tanks. The heating 
surface necessary is about 0.7 sq. ft. for deep tanks and 1.5 sq. ft. 
for cellular double-bottom tanks per ton of tank capacity. 

Chemists and engineers, by the help of analysis of deposits in 
the cylinders and exhaust passages and by signs of wear and tear 
obviously resulting from the use of the fuel employed, have been 
able to determine the constituents forming the oils which are 
responsible for these undesirable manifestations, and as a result 
of this experience are now able to prepare specifications of oils 
suitable for use in Diesel engines; but since these cannot be had 
at every bunkering station, their use is very much restricted and 
the importance of such specifications is somewhat nullified, and 
a8 already said, a broad specification should be adopted, sufficient 
only to exclude oils which would be liable to cause danger or de- 
tention, ete. to the ship, should an unsatisfactory oil be bunkered. 

To summarize conclusions: Oil for marine purposes has come 
tostay; coal, aided by the as yet undiscovered perfect condenser 
tube which will permit the use of water-tube boilers with really 
high pressure, may still put up a good fight. The itinerary which 
4 ship must follow is a factor in determining the most suitable 
machinery, but is lessening in importance as the provision of oil 
increases in those countries which do not produce oil. Specifi- 
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cations will help us to realize what we want, but will not enable us 
without experience of similar oil in similar engines to indulge too 
freely in prophecy. It should warn us off the rocks of ash and 
hard asphaltum, which cause wear and low hydrogen, which 
means low efficiency. More economical use must be made of 
existing supplies. As engineers we are equally ready to build 
and to operate with equal technical efficiency steam engines or 
oil engines, and any system of transmission of power, mechanical, 
electrical, hydraulic, or Magnus currents, which may appear 
most suitable to the business in hand. But commercial efficiency 
as between ship and ship may vary very widely with the various 
types of machinery, and it is on the commercial efficiency of our 
gear that we must rely for our future successes. 


T. B. Danckworttt anp M. 8. Reynoups.’ The difficulties 
encountered by the petroleum industry in meeting the varied 
demands for Diesel-engine fuels have been presented by Mr. 
Michler in a very clear statement, with which we are in full 
agreement, as Atlantic Seaboard and Pacific Coast conditions 
with regard to facilities for fuel distribution are practically iden- 
tical. Because of the fact that many Diesel engines are manu- 
factured on the eastern coast, and hence designed with the use of 
eastern fuel oils in mind, we have encountered some difficulties in 
the application of western fuel oils to Diesel-engine operation 
which would be of general interest. Until a few years ago the 
problem of obtaining suitable fuel for Diesel engines was a simple 
one, but the enormous automotive-industry demand for gasoline 
has resulted in changed refining conditions so that the lighter 
grades of gas oil are no longer available in as large quantity for 
Diesel-engine use. The increased number of Diesel engines oper- 
ating has also been a factor. The situation has become further 
complicated by the advent of a new type of engine, the high- 
pressure solid-injection type, some forms of which are very sus- 
ceptible to slight variations in the physical characteristics of the 
fuel used. The essential requirements for the complete com- 
bustion of fuel of any type are sufficient oxygen, time, and initial 
temperature, and for optimum operation these factors must be 
combined properly by the correct and timely distribution of the 
fuel spray which has a penetration ability conforming to the 
requirements imposed by the density of the air, the shape of the 
combustion chamber, and controlled air-turbulence action. As 
a general rule, paraffin-base fuels burn somewhat more readily 
and rapidly than asphalt-base fuels of similar characteristics. 
For this reason, some of the smaller-sized engines of the solid- 
injection type manufactured in the East and particularly adapted 
to eastern fuels, give unsatisfactory performance on California 
fuels. On investigation, it was found in each case that the 
design of the combustion chamber and injection system was 
unsuitable for the complete combustion of California fuels, and 
after redesigning the engines in this respect the flexibility as to 
speed and permissible variation in fuel was greatly improved and 
in several instances the horsepower was increased 40 per cent. 
Because of these experiences we consider that the engine manu- 
facturer should feel it his duty to test each new engine type and 
size with both paraffin- and asphalt-base fuels so as to be certain 
that his engine will be suitable for operation on either of these 
types; as well as the intermediate varieties of fuel, and hence 
that the purchaser will not be restricted in his choice of fuel and 
field of operations. 

At the present time the types of Diesel engines used on the 
Pacific Coast and operating on California fuels are as follows: 

1 Air-Injection Type. Air-injection engines, when properly 


* Diesel Engineer, Union Oil Company of California, Los Angeles, 
Calif. 

7 Research Engineer, Union Oil Company of California, Los 
Angeles, Calif. 
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adjusted, can obtain perfect combustion with asphaltic fuel oils, 
regardless of gravity, viscosity, or other characteristics within 
wide limits. Because of the possibility of adjusting the pressure, 
quantity, and temperature of the injection air to obtain the best 
fuel economy, fuels, ranging in gravity from 12 deg. to 40 deg. 
A.P.I. can be used successfully in this type of engine, in spite of 
the comparatively short and late injection period, although in 
general the closed type of injection valve has somewhat better 
atomizing characteristics for the heavier fuels. Of course, the 
atomization and flame-propagation characteristics of the fuels 
change with the physical properties, such as gravity and viscosity, 
but the possibility of controlling the air-turbulence energy by the 
injection pressure and by the timing permits wide variation in 
the physical characteristics of acceptable fuels. All the con- 
ditions for efficient combustion, namely, fine and uniform atomi- 
zation, air turbulence, good distribution of the fuel spray, excess 
air, and high compression, may be met without restricting the 
engine to the use of special grades of fuel. 

2 Precombustion-Chamber Injection Type. Diesel engines of 
the precombustion-chamber injection type vary widely in their 
design and operating characteristics. In general, engines with 
small restrictive passages between the precombustion chamber 
and the main combustion chamber usually have insufficient air 
turbulence and heat conduction to the precombustion chamber, 
and this results in rapid carbonization unless the dimensions of 
such antechambers, including the injection device, have been 
developed especially for operation on our particular fuel. In 
other words, engines with such restrictive passages are usually 
poorly adapted to operation on fuels of varying characteristics. 

The type of precombustion injection engine with a plain cylin- 
drical neck between the precombustion and main combustion 
chambers gives a timed air turbulence before and during com- 
bustion which is adequate for the complete combustion of as- 
phaltic fuel oils, and thus the fuel flexibility of these engines ap- 
proaches that of the air-injection type. When well designed and 
properly adjusted, they can operate on a wide range of California 
fuels from 14 deg. A.P.I. up, regardless of flash point or viscosity. 
This system of injection is well adapted to small- or medium- 
sized engines of low or high compression and either two- or four- 
cycle. Many engines of this general type are now operating 
satisfactorily on Pacific Coast fuels. 

3 High-Pressure Fuel-Injection Type. In this method of 
injection the fuel is forced directly into the cylinders through 
nozzles of very small diameter by means of high hydraulic pres- 
sures. Engines of this type are therefore very sensitive to vari- 
ations in the physical characteristics of the fuel, since changes 
in the viscosity particularly influence the atomization and pene- 
tration characteristics of the injection spray. It is frequently 
found that the efficiency falls off markedly with a variation in 
the gravity of the fuel beyond a range of about 4 deg. A.P.I. 
unless the nozzle size is changed. This sensitivity toward fuel 
variation is marked even in the largest sizes of engine, and be- 
comes still more serious in the small sizes. With proper adjust- 
ment of the injection by the use of suitable nozzle types, fuel 
pressure, and timing, the high-pressure solid-fuel-injection type of 
engine is well suited to Pacific Coast fuels of 24 deg. A.P.I. 
gravity and lighter, and the fuel economy obtained is very satis- 
factory. This economy, however, has been attained at the ex- 
pense of sensitiveness to fuel variation, with the result that the 
responsibility for permanently efficient operation has been place 
on the oil companies instead of being assumed by the engine 
designers. European practice has shown that engines of the 
solid-injection type can be designed with greater flexibility as 
regards variation in fuel by giving particular attention to air 
turbulence with the use of open combustion chambers and high 
injection pressures. 


A tabulation of the gravities of California fuel oils which have 
been used successfully in engines of different types can serve 
only as an approximate indication of the fuel flexibility of the 
various engine groups, as this flexibility depends so largely upon 
adjustments, loads, and minor variations in the design. However. 
as it may serve as a rough classification of engine characteristics 
with special reference to operation on Pacific Coast fuels, the 
following list of engine types and of fuels which have been success- 
fully used in them is presented: 


1 Air-injection engines, large and small sizes, two- or four-cycle, 
mediun fuel pressures, uniform and controlled air turbulence, high 
compression; 12 to 40 deg. A.P.I. gravity. 

2 Precombustion-chamber engines, two injection sprays, air or 
solid injection, medium fuel pressures, medium to high compression, 
cylindrical neck, four-cycle, controlled air turbulence; 14 dey. 
A.P.I. gravity and up, depending on type and size. 

3  Precombustion engines, one injection spray, air or solid injec- 
tion, low and medium fuel pressures, two-cycle, four-cycle, open 
neck, controlled air turbulence, low or medium-high compression; 
16 deg. A.P.I. gravity up to gasoline, depending on type, size, speed, 
and load conditions. 

4 High-pressure fuel-injection engines, two injection sprays, 
opposed-piston types, high compression, high fuel pressures, two- 
cycle, open combustion chamber, air turbulence; 18 deg. A.P_] 
gravity and up, depending on size and speed. 

5 High-pressure fuel-injection engines, one multiple-hole spray, 
high compression, high fuel pressures, two- or four-cycle, open com- 
bustion chamber, air turbulence; 20 to 22 deg. A.P.I. gravity and 
up, depending on size and speed. 

6 High-pressure fuel-injection engines, one multiple-hole spray, 
medium or high compression, high fuel pressures, four-cycles, or two- 
cycle, open combustion chamber, no air turbulence; 24 deg. A.P_I. 
gravity and up, limited range for each engine, depending on size and 
speed. 

7 Medium- and low-pressure fuel-injection engines with restricted 
antechamber, one injection spray, high compression, two- or four- 
cycle, cups, tubes, etc., partial air turbulence; 26 deg. A.P.I. gravity 
and up, depending on type and size. 


What has been said about the combustion difficulties encoun- 
tered on the Pacific Coast with Diesel engines of medium size 
applies with even greater force to the small engines which are 
now appearing in increasing numbers, as the sensitivity toward 
fuel variation increases as the combustion chamber becomes 
smaller, the piston speed greater, and the explosion pressures 
higher. Although this class of engines is still in a critical stage of 
development, the successful operation of foreign engines of this 
class on the Pacific Coast for many years has established the 
feasibility of building small engines which will operate satisfac- 
torily on a wide range of fuels. Much research on engine design 
in relation to fuel flexibility remains to be done in order to insure 
a permanently cheap fuel supply to the small Diesel-engine users. 
To illustrate the type of service in which these engines are used 
and the economy which may be obtained, the following example 
is given: 

A 2-ton Diesel boat, 21 ft. in length and equipped with a +hp. 
engine using regular Diesel fuel oil which costs 2°/, cents per 
gallon at Los Angeles Harbor, can run about 800 miles for an 
expenditure of only $1 for fuel. 

From our experience with western fuels in Diesel engines, we 
are in complete accordance with Mr. Michler’s proposal to sim- 
plify the specifications for Diesel fuels by omitting such items 
as carbon residue, asphalt, surface tension, ete. As long as the 
functions and importance of these properties have not been e> 
tablished by fundamental research, definite specifications for 
such characteristics must be considered as premature. The 
elaborate specifications originating with some Diesel-engine 
manufacturers are considered to be the result in most instances 
of experience in limited markets rather than of careful exper 
mental work. Mr. Michler proposes to restrict the specifications 
to minimum gravity, sulphur content, and flash point. In our 
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opinion, the specifications for the ordinary grade of Diesel fuels 
(that is, excluding the heavy industrial fuel oil which can at 
present be used successfully in only a limited number of engines) 
should contain the following items: 

1 Gravity. This is important as an index to the class or grade 
of oil, although fundamentally the property is of less importance 
than viscosity. A minimum gravity of 24 deg. A.P.I., as pro- 
posed by Mr. Michler, should be acceptable at the present time 
to both the Diesel-engine manufacturers and the petroleum in- 
dustry. 

2 Flash Point. As the flash point may be decreased by the 
presence of a limited amount of low-boiling material in the oil, 
it is not as significant as regards the burning characteristics of 
the oil as the fire point, which is the temperature at which the 
fuel vapor continues to burn. Until the relative efficiency of 
fuels of varying fire point in engines of definite compression 
pressure has been thoroughly determined by extensive experi- 
mental work, it is felt that no specification should be arbitrarily 
chosen for this property. To insure safety in handling the fuel 
oil, it is felt that a minimum flash point of 150 deg. fahr. in the 
Pensky-Martens closed cup should be specified, as has been com- 
mon practice in the past. 

3 Water and Sediment. This test was not mentioned by Mr. 
Michler, but it is felt that it should be specified to protect the buyer 
from the delivery of contaminated oils. An acceptable oil should 
have a water and sediment content not exceeding 1 per cent. 

4 Viscosity. The viscosity of a fuel oil is of more fundamental 
importance than the gravity, as it measures directly the charac- 
teristics of the oil as regards flow through nozzles or lines. While 
the specification of 24 deg. A.P.I. as the lowest gravity permissible 
will automatically exclude oils of extremely high viscosity, it 
may be advisable to include a viscosity specification as a further 
safeguard. It is suggested that the maximum permissible vis- 
cosity be set at 100 sec. Saybolt Furol at 77 deg. fahr., following 
Government specifications for Navy Standard and Bunker Fuel 
Oil A, which, according to Technical Paper 323-B, United States 
Government Master Specification for Lubricants and Liquid 
Fuels, are both high-grade fuel oils which may be used in Diesel 
engines. It should be understood that this applies only to the 
usual grade of light Diesel fuel oil and not to heavy industrial 
fuel oils such as are commonly used for steam boilers but which 
have a restricted use in Diesel engines. 

The specification for sulphur content, although not objection- 
able to Pacific Coast refiners if set at 1.5 per cent maximum, as 
Suggested by Mr. Michler, is considered unnecessary, as the 
deleterious effect of sulphur on engine parts has been greatly 
exaggerated; some Diesel installations have been operating for 
over 20 years and under adverse conditions on Mexican fuels 
containing 3 to 4 per cent sulphur and still retain the original 
cylinders and pistons. 

The limiting of Diesel fuel specifications to gravity, flash point, 
viscosity, water, and sediment should not work any hardship 
upon Diesel-engine manufacturers and should be satisfactory 
to the oil refiners. In considering the suggested figures for the 
specifications, it should be borne in mind that these may be sub- 
ject to future modification as dictated by economic necessity. 
Even with this possibility of future change, however, the estab- 
lishment of definite specifications at the present time will assist 
materially in the standardization of engine-fuel requirements and 
available types of fuel, with benefit to the engine-manufacturer 
and user, as well as to the oil companies, through greater economy 
of operating because of decreased fuel costs. The experience of 
our company in common with that of other members of the pe- 
troleum industry has proved the impracticability of attempting 
to maintain supplies of a large variety of Diesel fuels throughout 
the territory in which we operate, and to a lesser extent the in- 
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advisability of supplying special fuels even to groups of consumers 
that happen to be located near a refining center. 

As regards the future development of Diesel-fuel specifications, 
there is little doubt that economic considerations will force the 
use of progressively heavier fuels. One of the chief factors in 
this development is the increasing importance of gas oil as raw 
material for the production of gasoline by various cracking proc- 
esses. The demand for gas oil as cracking stock in competition 
with its use as Diesel-engine fuel has already resulted in the 
establishment of a substantial differential in price between this 
commodity and heavy industrial fuel oil, and we may anticipate 
that this differential will tend to increase rather than decrease. 
The obvious remedy for the increasing cost of Diesel-engine fuels 
of the gas-oil type is the construction of engines which are suitable 
for operation on heavier oils. 

One of the serious obstacles that the Diesel-engine industry 
must overcome is the fear of prospective purchasers that possible 
future increase in the price of Diesel fuel will nullify the present 
economic advantage of the Diesel engine. To overcome this fear, 
and thus insure their own future, the manufacturers must make 
their engines sufficiently flexible in fuel utilization to take advan- 
tage of the grades of oil economically available. The greatest 
increase in the use of Diesel power will come through replacement 
of steam plants, and when it is considered that a steam plant 
uses nearly three times as much oil as a corresponding Diesel 
plant, it is evident that such replacement will create a consider- 
able surplus of boiler fuel. This will tend still further to increase 
the differential between boiler fuel and lighter fuel of the gas-oil 
type. With such developments, the engine that is restricted to 
the use of a light fuel will be penalized, and it is to the interest of 
the Diesel-engine industry at this time to prepare for such a 
contingency not only by standardizing on a simple specification 
for a type of fuel which will continue to be available for a con- 
siderable time, but also by developing designs of engines which 
are adapted to the use of heavier grades of fuel. 


Harte Cooxe.* Mr. Michler’s paper gives a very interesting 
statement of the confusion at present existing in regard to the 
question of Diesel fuel oil: 

I think that a general specification about as follows will cover 
the situation in regard to Diesel fuel oil: 

Viscosity not more than 25 Saybolt Furol at 60 deg. fahr. The 
reason for this requirement is that fuel more viscous than this 
cannot be handled conveniently through piping without special 
provision for heating. 

Flash, 150 deg. fahr. The reason for this requirement is to 
comply with the results of the classification societies. 

Water, dirt, and foreign matter not to exceed 1 per cent. The 
reason for this is to prevent excessive cost in settling and cleaning 
the oil. 

Gravity, 22 to 30 B. The reason for this is that oils heavier 
than 22 usually have to be heated in the system to make them 
fluid. Oils lighter than 30 are apt to give trouble owing to 
seepage past the fuel valves, causing carbonization. 

In general, an oil corresponding to these specifications should 
be entirely satisfactory for Diesel engines. 


V. L. Maueev.® Our experience shows that the present high- 
compression Diesel oil engines, particularly those equipped with 
the airless mechanical-injection system, can handle satisfactorily 
any fuel oil, provided it is clean and not excessively viscous. 
I agree with Mr. Michler that the specifications should be broad, 
and I think that the ones he suggests can be adopted by all 


8 McIntosh & Seymour Corp., Auburn, N. Y. Mem. A.S.M.E. 
® Consulting Mechanical Engineer, Western Enterprise Engine 
Co., Los Angeles, Calif. Mem. A.S.M.E. 
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Diesel-engine builders: minimum gravity 24 deg. A.P.I., mini- 
mum flash of 150 deg. fahr. closed up, and maximum sulphur 
content of 1.5 per cent. However, I think that it is advisable 
to add one more specification, namely, limits for viscosity. 

We all know that a very viscous oil is apt to give trouble by 
clogging small-size pipes, especially when the outside temperature 
drops sufficiently low. On the other hand, we also know that 
it is very difficult to keep tight glands in high-pressure fuel pumps, 
valves, and fuel needles if the oil is not viscous enough. Gener- 
ally speaking, a gravity of not less than 24 deg. A.P.I. determines 
to a certain extent the viscosity, but not always in a sufficient 
way. Therefore it seems that viscosity limits should be pre- 
scribed but should be sufficiently broad, namely, a minimum of 40 
sec. and a maximum of about 260 sec., both Saybolt Universal 
at 100 deg. fahr. 


E. P. J. B. The use of Diesel engines 
is growing quite rapidly, and the question of specifications for 
fuel is increasingly important. It would be advantageous if 
one type or grade of oil could be found suitable for all designs of 
engines, but this is not possible with present designs. It is 
desirable to restrict the number of oils to as few as possible and 
to make the specifications as broad as possible. We do not agree 
with Mr. Michler that fuel specifications should consist of mini- 
mum gravity, sulphur content, and flash, since we consider these 
three items the least important. The specific gravity only fur- 
nishes a rough index of the general type of the oil and a very rough 
estimate of the heat values. The flash point only measures the 
danger from fire in transporting and storing the oil. The amount 
of sulphur has little if any influence on the behavior of the engine. 

The viscosity has a very important bearing on the ease of 
atomization and consequently on the thermal efficiency of the 
engine. Oils of low viscosity tend to produce smoother operation 
and a cleaner engine than oils of high viscosity. It should be 
noted, however, that if the viscosity is too low, trouble may be 
experienced in the fuel pump, which in a great many designs 
relies on the fuel oil for its lubrication. Heavy asphaltic matter 
probably has an influence on the performance, principally on 
coke troubles around the exhaust valve. The specification for 
this quality might be the A.S.T.M. precipitation number or some 
other equally simple test. Some of the troubles in Diesel-engine 
performance can be traced to foreign matter, and the quantities 
of inorganic ash, insoluble matter, and water should be limited 
by specification. We feel that a specification of the following 
points should insure better operation than the suggested speci- 
fications of Mr. Michler: 


Max. and min. Saybolt Universal viscosity at 100 deg. fahr. 
Maximum asphalt 

Minimum Pensky-Martens flash deg. fahr. 

Maximum ash content, per cent 

Maximum sediment, per cent 

Maximum water, per cent. 


The case which Mr. Michler mentions in which a supposedly 
better grade of Diesel fuel gave trouble when the poorer grade 
did not, is, in our opinion, attributable to the fact that the engine 
was adjusted for the poorer grade and was capable of handling it, 
and the change to the cleaner and lighter oil without adjustment 
might have been expected to cause trouble. 


L. K. Doretutne." As the Diesel engine is a very flexible 
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12 De La Vergne Machine Company, New York, N. Y. Mem. 
A.S.M.E. 


engine and there are very few oils that cannot be burned success- 
fully, I believe we should not make complicated specifications 
for a few exceptions. We have not found a single oil not suitahle 
to be burned in a Diesel engine in the last five years. 

About 23 years ago I drafted the first specification for fuel oil, 
It was short, but as time went on and we met with difficulties, we 
added to the specification. It should be remembered that at that 
time we built a low-pressure oil engine which is more sensitive. 
It was not long before the specifications covered a whole page, 
and we found considerable sales resistance because customers 
objected to the specifications for the oil. 

About two years ago we drafted a new specification which is 
simple but apparently answers the purpose as we have not en- 
countered any difficulties. It reads as follows: 

The engine will burn any commercial fuel oil produced in the 


United States or Mexico, and such crude oils or crude oil mixtures are 
now successfully being used in Diesel engines of similar size. 


H. E. Bretsrorp.'* The oil companies seem to think that 
“oil is oil,” and any Diesel-engine company that will put an 
engine out without specifying the kind of oil to be used in it is 
certainly hunting trouble. Mr. Nibbs hinted somewhat, and 
quite specifically, at the variations in oil. I remember when | 
took organic chemistry in school we had a Russian professor, and 
our introduction to the hydrocarbon group was this: ‘“‘Gentlemen, 
there are more than fifty-thousand compounds in this group, and 
we don’t take all of them in this semester.”’ 

I think this whole thing simmers down to this: 

No one today that I know of is building a universal atomizer, 
that is, one that will burn any oil that may be put in it in any 
engine in any part of the world. Over in Europe they are 
burning 33 or 34 B. fuel oil. 

In this country you cannot control the kind of oil that a cus- 
tomer wants to use in his engine, and therefore a specification 
on fuel oil should be such that an engine builder can build an 
engine with an atomizer that will be entirely satisfactory, 
according to the specifications given for that engine. And then 
if any one wants to burn some other kind of fuel, the burden of 
making such changes or readjustments should not be up to the 
builder of that engine, but the expense should be borne by the 
customer. I think for that purpose a standard fuel oil is probably 
the desirable thing. 


W.H. Burter.'* One of the first things I should like to men- 
tion is that the statement that the oil companies are not in agree- 
ment is very true, and sadly true. If they were, the conditions 
we are facing today would not be as important as they are. If in 
the beginning the Diesel-engine industry and the oil companies 
had stood together and worked out their specifications together, 
and the Diesel-engine industry had built the engine around the 
specifications, then today we should not be trying to furnish 
numerous grades of oil for various engines. 

For instance, there is one motorship running in New York har- 
bor that if it were bunkered with an oil with a viscosity below , 
could not get out of the harbor. 

There are two things I want to bring up, and one is the B.t.u. 
per lb. In test work, of course, everything is figured on B.t.u. 
per lb., but we do not burn the oil by the pound, but by the gallon, 
and why not specify the B.t.u. per gallon? We inject a definite 
amount of oil into the combustion chamber, and that is a volu- 
metric measurement, not a weight measurement. If we look 
over some of the theoretical measurements of B.t.u. per gal. and 
per lb., we shall realize that condition. For instance, 32 gravity 
oil has 19,530 B.t.u. per lb., the weight is 7.169, and the B.t.u. per 
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gal. is 140,010.57. And then we come to 20 B. oil, which has a 
weight of 7.772, with 19,050 B.t.u. per Ib. and 148,056.00 B.t.u. 
per gal. 

At one time our company was experimenting with some heavy 
oil which quite a few men present have used and tested. We 
showed some very peculiar results. We would take gas oil, 
32 gravity, run it against this oil, which was 18 gravity, and show 
a 6 per cent saving in fuel. It is merely in the difference in the 
weight and number of B.t.u. per gallon. This was not only 
proved in the test which was made, but certain small boats 
running in New York harbor, covering a period of 18 months, 
showed month in and month out a 6 per cent saving, due to the 
weight and the number of B.t.u. per gallon. 

Gravity has always been accepted as a standard specification 
for a Diesel fuel. Of late years this has become unimportant, 
for the gravity range no longer is a criterion of the function of 
the oil. It is our contention that viscosity should be a standard 
specification. In atomizing a fuel we are attempting to produce 
from a given quantity the greatest possible number of the smallest 
possible drops. As the volume decreases by the cube of the 
diameter and the surface decreases by the square of the diameter, 
then in spraying of fuel surface, tension plays a very important 
part. Viscosity is a fair indication of the surface tension. 

If we plot the curves of various oils from the very volatile 
substance of the heavier oil over a wide range of temperatures, 
we find that the surface tension decreases with the viscosity. 
There has been some work done on this subject at Bayway Re- 
search Laboratory, but so far as we can find, no one has attempted 
previously to prove the relation between viscosity and surface 
tension. At one time gasoline was quoted in terms of gravity, 
which at present is obsolete. The same should hold for Diesel 
fuels, especially since cracking has become prevalent. The 
gravity of an uncracked stock will be 20, with a viscosity of 150 
sec. Universal and a surface tension of 29.5, while a cracked 
stock of the same gravity will have a viscosity of 50 sec. Universal 
and a surface tension of 18.5. We have gone into that very 
carefully and have obtained a great many figures, and our labo- 
ratories are still working on it. Any further information that we 
obtain we shall be glad to pass on to the Diesel-engine industry. 

We can give various examples of this with widely varying grav- 
ities, and yet hold the viscosity and surface tension consistently. 
As the Diesel-engine industry develops we shall make use of more 
cracked products for fuel, thereby rendering the gravity speci- 
fications even less reliable, while on the other hand, if we accept 
the viscosity specification no matter what the stock, we have an 
indication of surface tension and thereby an indication of how 
thoroughly the oil will atomize. This is more vital today owing 
to the rapid progress made in high-speed Diesel engines. The 
qualities limiting the speed of a Diesel engine are the ignition 
lag and combustion time, which are products of atomization. 
We are attempting by atomization to produce a homogeneous 
air-fuel ratio. To do this we must expose the greatest possible 
area to the available air, for the rapidity of combustion is pro- 
portional to surface; therefore we are not interested in the weight 
of a Diesel fuel, but in an indication of how rapidly the oil will 
atomize. 

_ Mr. Weise, of the United States Shipping Board, asked for 
information on the fuel that we had been working on, and spoke 
of it as a bunker C oil. This was an experiment which we were 
working on. We put up a plant with 250 bbl. capacity, and we 
worked on it for two years, producing different kinds of fuel. 
We would take a heavy product and produce from it a very low 
viscosity and thereby a low surface tension. That would work 
very well in certain types of engines. It was tested in practically 
every engine made. We even sent samples to Germany, and 
they ran these tests in the engines of leading European manu- 
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facturers of Diesel engines. We got very satisfactory results 
from those tests. Today we are not going into it, because of the 
economic conditions in the oil companies today. At some future 
time, if the lighter oils become scarce and the cycle swings around, 
we shall go into this proposition, and practically guarantee that 
we can furnish an oil of 12 or 18 gravity that will meet speci- 
fications and will burn with no trouble in engines. 

There has been discussion relative to the Italian tar test, 
which is really a lubricating-oil test, determining the sludge that 
can be produced in the oil. It means nothing in fuel oil. You 
can sludge any oil by this method, but of course lubricating oils 
begin to sludge at a very sticky and slimy stage, that which ad- 
heres to pipes and strainers, and it is not advisable for any fuel 
oil. However, this sludge is a homogeneous mixture with fuel 
oil and is burned readily. 

Among the various complaints received, and the troubles 
reported by the operators of Diesel engines, we have found as a 
rule that the plant was as much to blame as the oil. In other 
words, the fuel tanks had not been cleaned, and improper methods 
were used in straining oils. Any oil is bound to carry a certain 
amount of sediment out of the tank cars, including salt water, 
scale, etc., and when thousands of gallons of oil are passed through 
the tank during a year, a certain amount of the sediment which 
settles, gets into the oil and is bound to cause trouble, even though 
that material would not show up in the analysis. Consequently, 
if the fuel tanks are not cleaned consistently and persistently, 
the operators are going to experience trouble due to that fact. 

Limiting specifications will not eliminate troubles. There 
are lots of things about oil that we do not and will not know for 
a number of years. A certain company had a very peculiar com- 
plaint from one of their users several months ago, and got in 
touch with the writer’s company. The oil was not supplied by 
them, but by another oil company in another locality. Looking 
into the matter, it was found that the specifications were beyond 
reproach. It was found at that time that the particular batch 
of oil that had been delivered and used in that engine had a high 
percentage of aromatics. It would not show on the specification, 
and there was no way in the world to determine it except by test. 
The various types of materials and compounds in their relation 
to the oils are so complicated that one batch of oil from one 
refinery, treated under certain conditions, will be entirely different 
from that from another refinery. The same is true with the 
by-products. 

Those things are out of our control, and out of the control of 
every one else, but if we can get a set of specifications that are 
agreeable to every one, and yet fair to every one, it will solve our 
problem, and also advance the development of Diesel engines 
considerably. 


Outver F. Auten. I wish to speak about the comparative 
cost of oil used in steam apparatus and in internal-combustion 
engines. It has been stated here that the ratio is 1 to 3; that is, 
steam equipment requires three times as much fuel as that 
used by the internal-combustion engine, doing the same class 
of work. I think that is true in the average marine and land 
equipment today. But we are looking to the future. Con- 
sequently we should use as a measuring stick the best performance 
at the present time, and that best performance represents a 
ratio of 2 to 1 and not 3 to 1. 

I believe that when certain marine steam installations which 
are now under construction and being studied are put into 
operation, it will be found that they have practically caught up 
with the Diesel in some classes of service. So the question of 
utilizing the same grade of oil in internal-combustion engines 
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that is used under boilers is of prime importance. For the 
steam plant is going to give the Diesel a race in the matter of 
overall efficiency. 

Another point is that the performance of the small engine 
and the high-speed engine must not be confused with that of the 
larger type, such as the central-station engine and the marine 
engine. In every one’s home there is a heating unit, a little 
steam or hot-water plant, and if manufactured gas is too expen- 
sive, coal is used, not dirty soft coal but the cheapest acceptable 
fuel obtainable. It is the same with a big power plant; the 
owner obtains the cheapest fuel that he can get. The Diesel 
station must get oil where it can get it at a reasonable price. 

I had occasion recently to inquire into what is being done by 
the preeminent users, and found that the marine people are al- 
most universally centrifuging, even if they get what they con- 
sider clean oil; and particularly is that true among the British 
owners. It also seems to be the tendency to improve the quality 
of the filters. For instance, Hesselman-A.E.G. are making their 
filters with passages finer than any opening they have in any 
part of the fuel-oil system, that is, the opening of any fuel valve 
or nozzle. I think most of the foreign manufacturers are em- 
phasizing the importance of having clean, free-flowing fuel-oil 
lines, and they are not only heating the oil as it goes through the 
pipes into the pumps, but are heating it right up to the point of 
injection so as to insure adequate control of the injection itself. 


Luoyp Yosr.'* The comments made by Mr. Nibbs, seem to 
be probably the nearest to the solution, from the engine-builders’ 
standpoint. There are certain things in a fuel oil that must be 
considered from other than the purely petroleum-technology 
standpoint. In selling engines we must place our bids according 
to the specifications offered (and by bids I mean that guarantees 
of performance must accompany the bids) and if the engine does 
not perform, then the builder must make good, if he is capable 
of making good. That means the oil specified should be a com- 
mercial product, something that a customer can obtain—and he 
must not be misled. Guarantees of fuel consumption are made, 
of course, in terms of weight. A specification in terms of so many 
B.t.u. per gallon would be acceptable if one could get the pur- 
chaser of the engine to understand and accept it. I do not see 
that this makes very much difference to him, but it is an im- 
portant point when guaranteeing the fuel consumption of your 
engine. 

We have found out the only way to determine how a fuel oil 
will perform in a Diesel engine is to try it in one. At the same 
time we make a scientific laboratory examination, including 
fractional distillation. Up to this time we have distilled and 
tested over 1500 commercial grades of fuel oil. We have tabu- 
lated those results, and after going through them backward and 
forward, so far we have been unable to determine a specification 
that would be fair to ordinary engine buyer and also fair to the 
builder of the Diesel engine. In that case we must fall back upon 
the commercial factor, pure and simple, and refer to the oil as 
put out under a certain brand, and then write into the specifi- 
cation that this engine will perform under such guarantees ‘‘when 
using any brand listed on the attached sheet,” which lists a great 
many of them, several hundred perhaps, or ‘‘oil equal to any one 
of those listed.”” That is as close as we have been able to come 
toit. We think this thing of an oil specification is very important, 
and we wish we had one, but it is necessary, as we see it, for all 
of the engine builders to agree—I don’t know if it can be done— 
upon a certain specification. In testing these oils, we have found 
that you cannot put all fuel oils into any one classification or in- 
clude them with the others and still be fair to the user. We have 
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adopted a triple classification: (1) an oil which is satisfactory 
for use directly in the engine, using the standard equipment; 
(2) an oil which may be such as to require preheating or treat- 
ment in order that it may be used satisfactorily; and (3) an oil 
which may have a low heat content or other characteristics which 
will not allow it to make the required fuel consumption. Natu- 
rally there are some oils that are not usable in any circumstances, 
but those would not appear on the list at all. 


J. ©. Grorr.'? Mr. Michler’s paper is appropriately in line 
with the trend of modern industry toward the elimination of 
overlapping of products. Further lowering of the cost of fuel 
oils for Diesel engines should be achieved through broadening of 
needlessly restrictive specifications. It is not difficult to imagine 
what the price of automobile fuel would be today or to what 
extent the enormous growth of the automotive industries would 
have suffered had these respective engine builders demanded 
rigid adherence of their products to superfine grades of fuel. 
Similarly, it would seem that extensive adoption of the Diesel 
engine, particularly in this country where it must compete with 
the steam plant having available a plentiful supply of low-priced 
boiler fuels, will be largely dependent upon its ability to operate 
satisfactorily upon widely varying grades of fuel oils. Only 
in this way can the Diesel engine take advantage of the most 
economical grades of fuel, and only in this way can the shipowner 
be assured that his vessel will be able to operate to advantage in 
all parts of the world. 

The three limiting specifications, as suggested by Mr. Michler, 
in conjunction with minimum content of ash, carbon residue, 
sediment, and water, should be generally satisfactory. The 
following section is from the standard guarantee contract speci- 
fications adopted for our oil engines: ‘Fuel oil, before being de- 
livered to the engine, to be passed through a centrifuge of 
approved type. Centrifuge to be furnished by purchaser. We 
suggest fuel oil of 18 deg. to 22 deg. B. gravity. Sulphur con- 
tent may be any amount not exceeding 3'/2 per cent.” 

It is presumed that the minimum gravity of 24 deg. A.P.1 has 
been so chosen in conjunction with an initial viscosity which 
will assure fluidity at low temperatures, say, 32 deg. fahr. Many 
motorships, particularly those carrying fuel in double-bottom 
tanks and not fitted with heating coils, experience difficulty in 
handling fuels having a high viscosity at low temperatures 
Indeed, our experience has shown that handling the fuel up to 
the engine is much more of a problem than burning it. Proper 
prehandling of fuel oils by the user would seem to offer one of 
the most likely means of assisting all concerned in the broadening 
of specifications for the cheapening of fuel. 


C. E. Cox.'s I am heartily in accord with Mr. Michler’s 
recommendation that a set of standard specifications for Diese! 
fuel oil be prepared and adopted, but also believe that the inter- 
ests of Diesel-engine builders should be protected as well 3 
those of the fuel-oil refiners and dealers. Broadening the spec 
fications as far as he suggests will undoubtedly favor the refiner 
but will not sufficiently protect the engine builder, becaus 
there are certain properties and constituents of fuel oil not limited 
in his recommended specifications which may render a fuel ol 
unfit for Diesel-engine use, owing to the fact that they are post 
tively injurious to the engine. While it is true that refiners and 
dealers in oil cannot carry a large variety of oils meeting various 
specifications, yet it seems to us entirely possible for them 
carry a grade of oil which will successfully meet the majority 
of specifications presented by engine builders. 
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Almost all engine-builders’ specifications for fuel are of the 
limiting type; that is, they do not attempt to define any limits 
farther than those tending in a detrimental direction. Experi- 
ence has proved that certain properties of any ingredients in 
fuel oils if existent in excess of certain quantities produce unfavor- 
able operating conditions. It is therefore necessary that the 
engine builder limit these unfavorable factors to safe values in 
order to be able to make his guarantees and to protect the engine 
owner. Fuel specifications are thus made to look very rigid, 
while as a matter of fact the majority of fuel oils will meet them 
easily. Once the dealers’ and refiners’ attention is directed to- 
ward these points, the ready adoption of a standard fuel will rapidly 
develop and the name “‘standard Diesel fuel oil’? can be applied. 

The specifications, while appearing to cover minutely every 
property and constituent of the oil, in fact are so liberal that few if 
any oils that would ever be submitted by a refiner or dealer will 
fail to meet them. Many products are marketed today under 
strict, lengthy specifications that have been complied with so long 
and so easily that they are seldom referred to. Portland cement 
might be cited as an example. There is no reason why such can- 
not be the case with Diesel fuel oil. On this basis, then, I believe 
that the specifications should be complete and yet broad enough 
in their limits to avoid expensive processes in producing the fuel 
oil. An oil dealer should know even without analysis that his 
oil will meet these specifications, and the engine builder will 
know what the worst operating conditions are that he must meet. 
Any hardships that may result will more likely reflect on the 
engine builder than on the refiner or dealer. It is assumed that 
the fuel oils under discussion are petroleum, and it is on this basis 
that we proceed. 

The following properties are known to affect the operation of 
a Diesel engine and are the ones which we believe should be 
considered in defining a standard Diesel fuel oil: 


Coke content 
Water content 
Heating value 
Flash point. 


| Gravity 

2 Viscosity 

3 Sulphur 

4 Ash content 


Gravity has no influence except to supply a conversion factor 
for converting barrels to pounds. So far we can learn, it gives 
no index as to the probable properties of the oil unless the 
origin is known. Gravity in our opinion could be limited to a 
value of 24 A.P.I. very readily. 

Viscosity is important, for the oil must flow readily enotgh 
under normal winter temperatures to be handled by injection 
pumps and nozzles; beyond that its influence is slight. Viscosity 
should be limited to a value of 200 at 32 deg. fahr. Giving the 
viscosity at 100 deg. fahr. its worse than useless, for that gives no 
indication of what it may be at the operating range for oils in 
general. 


Sulphur tests have shown that a high sulphur content is not 
severely injurious. Limiting it to Mr. Michler’s content of 1.5 
per cent is therefore very liberal, and it might be raised to 2 per 
cent. 
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Ash content is important and extremely so, as the ash affects 
lubrication seriously, causing worn parts, sticking rings, and 
rapid wear. Ash should by all means be included, and should be 
limited to a value of not more than 0.05 per cent. It is hoped 
that some experienced refiner will announce that no fuel oils 
ever contain ash nowadays. If such is the case, then the speci- 
fications will not burden the oil refiner and yet will protect the 
engine builder. 

Coke or carbon residue is important. Some California and 
Mexican oils have a very high content, the oils appearing to crack 
and form coke, which spoils lubrication and fouls the engine 
rapidly. Wear takes place and reliability is badly affected. 
The coke content should therefore be included and limited to 
3 per cent, a value easily attainable by refiners of petroleum 
oils. 

Water mechanically entrained will cause failure of ignition 
and unsteady operation of the engine. Water mixed with the 
oil in the form of an emulsion does not necessarily interfere with 
ignition, but higher temperatures are required to ignite and 
burn such oils. Water lowers the heating value of the fuel. 
A purchaser of oil should not pay for water and the cost of trans- 
porting it. Its value should be limited to 1 per cent. 

The heating value of fuel oils is not so important, I believe, 
owing to the fact that nearly all oils run 18,000 B.t.u. or higher. 
When a builder is making a fuel guarantee a variation of 1000 
B.t.u. is a considerable amount, and he therefore has to limit his 
fuel to a definite value. It would be advantageous to make all 
guarantees on a basis of 18,500 B.t.u. minimum, making no cor- 
rection for fuels having values higher than this. This would 
favor the refiner as well as the engine builder. 

Flash point is purely a storage problem and affects the engine 
operation very little. This item must be considered because of 
other influences. Mr. Michler’s value of 150 deg. should be 
easily acceptable. 

To summarize, we believe that such standardized fuel should 
be well defined as to detrimental factors, but so broadly limited 
as to not impose any hardships on the refiner or to cause a re- 
flection of too strict specifications in an increased price for the 
fuel. The engine builder will then know what range of fuels 
his engine will be called upon to operate on, and can govern the 
design accordingly; the engine owner will be spared the trouble 
of buying fuel to rigid specifications, and whenever fuels are 
offered that do not come within the limits of the specifications, 
the purchaser should benefit by a differential in price. Engine 
builders, will be protected against having to make blind guaran- 
tees, and will have a general standard that they should be able to 
live up to. The mere adoption of these specifications does not 
imply that every batch of oil must be tested—far from it! It 
should not be necessary. If the refiner has kept proper check of 
his process, he should know that his oil is well within these speci- 
fications. There is no reason why the Diesel engine should be- 
come a disposal plant for all manner of refinery and oil-production 
wastes, and engine builders should not have imposed upon them 
all the burden of the fuel problem. 
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The Economic Field for Large Diesel Engines 


By EDWARD B. POLLISTER,! ST. LOUIS, MO. 


The author defines a large Diesel engine as one ranging from 
2500 to 25,000 hp. He cites the successful performance of marine 
Diesels, and gives figures showing that the aggregate horsepower of 
such engines now being built or installed is over three times that of 
marine steam turbines. He points out territory far removed from 
coal mines and where a cheap supply of fuel oil makes the use of the 
Diesel engine especially desirable. Over half of the fuel oil con- 
sumed in generating electric power, he states, could be saved by 
burning it in Diesels rather than under boilers. Diesel generating 
stations cost about the same as modern steam plants, around $135 per 
kw. Diesels have characteristics which especially fit them for use 
as auxiliaries in steam and hydroelectric power plants. The 
paper concludes with a brief consideration of the use of large Diesel 
engines in industrial plants. 


station in the Panama Canal Zone idly turned the pages of 
a Saturday Evening Post and saw the advertisement of an 


American firm claiming for the Diesel engine “instant readiness 


} ARLY in the year 1924, an engineer waiting in a railroad 


rie, 3750-Hp. Panama Diese. Burtt py NorpBERG MANUFAC- 
TURING Co., MILWAUKEE, WISCONSIN 


for service.’ If true, the Diesel was just the prime mover he 
wanted for the proposed new 12,000-hp. Canal power station at 
Miraflores, to supply power in case of failure for any cause of the 
power transmitted from the Gatun hydroelectric station, about 
36 miles distant, over a 44,000-volt transmission line. 

He immediately started a serious investigation of the large 
Diesel. A natural beginning was the inspection of Diesel-pro- 
pelled ships passing through the Canal. Quick starting and 
performance being convincingly established by records of ships 
propelled by single-screw Diesels of several thousand horsepower 
'n round-the-world service, the safety of ships and crews de- 
pending on one engine, with non-stop runs as long as forty-five 
days, he set out on a visit to the Diesel firms of the United States 
where he was enthusiastically received. 

Special automatic equipment was worked out between the 
Diesel-engine builders and the generator manufacturers which 
would permit motoring of the idle engines by the generators 
“perating as synchronous condensers for power-factor improve- 


pomneral Manager, Busch-Sulzer Bros.-Diesel Engine Co. 
ented at the First National Meeting of the A.S.M.E. Oil and 
C: er Division, the Pennsylvania State College cooperating, State 
ollege, Pa., June 14 to 16, 1928. 


ment and voltage regulation, any transmission line or similar 
power failure automatically causing a transition from idling con- 
dition to load condition and thus providing for continuing the 
important power service to the Canal uninterrupted. This quite 
fully satisfied the claim for “instant readiness for service.” 
Although the desired unit size, 3750 b.hp., was larger than 
any Diesel which had at that time been built in the United States, 
it is astonishing that no less than eight substantial American 
heavy-machinery firms considered the large Diesel engine field 
sufficiently attractive to justify bidding on, an undertaking which 
for many involved a development expense of several hundred 
thousand dollars. A list of these firms follows, and all of them 
now have marine Diesel engines of 2500 b.hp. or larger in service 


Bethlehem Steel Corporation 

Busch-Sulzer Bros.-Diesel Engine Co. 
McIntosh & Seymour Corporation 

New London Ship & Engine Co. 

Nordberg Manufacturing Company 

Sun Shipbuilding Company 

Wm. Cramp & Sons Ship & Engine Co. 
Worthington Pump & Machinery Corporation. 


The building of the Miraflores Diesel plant was carried through 
to successful conclusion, three Nordberg 3750-hp. engines being 
supplied. This project would indicate a favorable outlook for 
large Diesel engines for standby service entirely aside from the 


Fic. 2 3750-B.Hp. Buscu-Sutzer Diesen GENERATING UNIT, 
Feperat Licgut & Traction Co., Tucson, ARIZONA 


more prominent advantage of the Diesel—its high thermal effi- 
ciency of about 33 per cent—which has not yet been approached 
by any other type of prime mover. But in the intervening four 


years only one Diesel of this size, a Busch-Sulzer 3750-hp. unit, 
selected by Sanderson & Porter for the Tucson, Arizona, plant 


of the Federal Light & Traction Company, has been purchased 
in this country for stationary service, and no larger units for land 
plants. 

Wuart Is a “Larae”’ Dreset ENGINE ? 


A proper question may be, “What is a large Diesel engine?’ 
Diesels built by Sulzer Brothers, of Winterthur, Switzerland, of 
4000 hp. capacity have been operating in European land stations 


for over fifteen years. In the same year that the Panama Canal 
invited bids on 3750-hp. Diesel engines, the Hamburg Electric 
Company, of Hamburg, Germany, placed an order for a 15,000-hp. 
two-cycle double-acting M.A.N. Diesel generating unit for in- 
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stallation in their electric generating station to carry peak loads. 
While this is the largest Diesel now in operation, Sulzer Brothers 
have developed a single-cylinder experimental double-acting two- 
cycle engine rated for stationary work at 2400 b.hp. at 110 r.p.m. 
with a cylinder bore of 900 mm. and a piston stroke of 1400 mm. 
A 10-cylinder engine of this size would develop 25,000 b.hp. 
This number of cylinders is frequently employed in marine 
work, and Sulzer Brothers have supplied eight 10-cylinder units 
averaging above 5000 hp. each for propelling ships. As 900 
mm. diameter of cylinder is not the limiting size, a former Sulzer 
single-cylinder experimental engine having a bore of 1000 mm., 
somewhat larger units are not without the range of conservatism. 
A large Diesel may therefore be considered as of from 2500 to 
25,000 b.hp. 


DIESELS 


In considering the economic field for large Diesel engines in this 
country, it is important to note that the suecessful performance of 


Fig. 15,000-Hp. Two-Cycie, Dousie-Actina, M.A.N. Diese, GENERATING Unit, HampurG 
Evectric Company, HamBurG, GERMANY 


large marine Diesels was a vital feature in the decision to go 
ahead with the 12,000-hp. Panama Canal power plant; and the 
extremely rapid adoption of the Diesel for the propulsion of ships 
has eliminated what might be the fear of experimental develop- 
ment by possible purchasers of large land Diesels. The largest 
motorship in service, the Augustus, of 32,500 gross tons, is pro- 
pelled by Diesels totaling 28,000 hp. The proposed recondition- 
ing of the Shipping Board steamer Mount Vernon calls for two 
propelling Diesels of 14,500 b.hp. each, and a total Diesel plant 
of 35,000 to 40,000 b.hp. These large engines can be furnished 
in the same American-built cylinder sizes as are now success- 
fully operating in round-the-world marine service. The survey 
herewith, as of December 31, 1927, of marine engines under con- 


Steam Engines Oil Engines 


Reciprocating Turbine 
No. I.hp. No. I.hp. No. L.hp. 
327 556,874 34 343,700 352 1,233,956 
Average size 1700 10,000 3,500 
Total gross tonnage under construction { —_ 1,609,888 


struction throughout the world discloses that the aggreyate 
horsepower of Diesel engines building or being installed is over 
three times that of steam turbines (excluding Germany— figures 
not available), and that the tonnage of motorships now building 
is greater than that of steamships. 

The trend toward Diesels is indicated by a statement. issue: 
in April of this year by Lloyd’s Register of Shipping for the firs: 
quarter of 1928, showing a gain to March 31, 1928, of oil engines 
to 1,333,875 i.hp. compared with a decline of steam turbines 
(excluding Germany) to 277,600 i.hp., and a decline of steam 
reciprocating engines to 549,910 i.hp. This ratio of five to 
one for marine Diesels as compared with steam turbines demands 
the serious attention of designers of land power plants. 

But, with this brief mention of marine Diesels, it is necessary, 
in view of the limitations of the present paper, to return to land 
plants, and without much encouragement from existing installs- 
tions in this country, outline the future of the large stationary 
Diesel. 

TERRITORY ESPECIALL) 
ApapTep TO Use oF Diese: 
ENGINES 


As a general statement, tly 
United States is a country oi 
cheap coal; and as the greatest 
industrial developments origi- 
nally centered around the coa 
mines of the East, the grea’ 
power-plant engineering prob- 
lems have been worked ou! 
without any consideration « 
the Diesel whatsoever.  O)- 


viously, steam plants of hal 
the thermal efficiency of th 
Diesel, using local cheap coal 
can produce power at less fu 
costs than Diesels requiring 
liquid fuel if the cost of th 
liquid fuel at the oil field plus 
the cost of transportatior 
(which is often several times 
the cost of oil at the point o! 
production) is sufficiently 


excess of twice the cost of loca 
coal on a B.t.u. basis. Of cours 
we shall always have with 
Diesel enthusiasts who believe that Diesels can beat steam unde! 
all conditions. But consider a large up-to-date steam-turbin 
installation located in East St. Louis, and burning 12,500-B.t.u 
Illinois coal, available at $2 a ton. Such a plant will produc 
a kilowatt-hour at a fuel cost of between one and two mills 
while a Diesel using 5-cent oil brought from Oklahoma, cann’ 
produce a kilowatt-hour for less than twice this fuel cost. This 
is an example of steam territory. 

But this is a country of vast area, and there are large sections 
especially through the Middle West and along the seaboart 
remote from coal mines, and within easy reach of oil fields or * 
cheap supply of fuel oil transported at low costs in oceal 
going tank ships. These are decidedly examples of Die* 
territory. 

Also, industry is moving westward with the center of pop 
lation, and the demand for power throughout the great West 
growing with the increase of population. This is favoring th 
more general adoption of the large Diesel. 

The tabulation herewith of the consumption of fucl oil » 
generating electric power by public-utility power plants in 192% 
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Division and State 


United States 
New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain 
Pacific 

New England: 
Maine 
New Hampshire 
Vermont 
Massachusetts 
Rhode Island 
Connecticut 

Middle Atlantic: 
New York 
New Jersey 
Pennsylvania 

East North Central: 
Ohio 
Indiana 
Illinois 
Michigan 
Wisconsin 


West North Central: 


Minnesota 
lowa 

Missouri 
North Dakota 
South Dakota 
Nebraska 
Kansas 


South Atlantic: 
Delaware 
Maryland 
District of Columbia 
Virginia 
West Virginia 
North Carolina 
South Carolina 
Georgia 
Florida 


East South Central: 
Kentucky 
Te hnessee 
Alabama 
Mississippi 


West South Central: 
Arkansas 
Louisiana 
Oklahoma 


Texas 


Mountain: 
Montana 
Idaho 
Wyoming 
Colorado 
New Mexico 
Arizona 
Utah 
Nevada 

Pacific: 
Washington 
Oregon 
California 


shows this natural distribution of territory where oil is the 
and the Diesel is the logical prime mover. 
At least one-half of the greater part of these 6,782,199 bbl. 


logical fuel 


OIL AND GAS POWER 


Per cent of 


Barrels U.S. total 
6,782,199 100.00 
858,289 12.65 
342,462 5.05 
68,456 1.01 
815,534 12.02 
2,048,991 30.21 
57,977 O86 
929,581 13.71 
225,889 3.33 
1,435,020 21.16 
30,842 0.46 
1,555 0.02 
30,221 0.45 
628,072 9.26 
167,225 2.47 
374 0.01 
323,983 4.78 

9,615 0 

S,S64 0.13 
S46 0.13 
9 0.14 
27,101 0.40 
13,821 0.20 
9,202 0.14 
6,911 0.10 
41,694 0.62 
103,818 1.53 
1,855 0.03 
37,845 0.56 
84,708 1.25 
538,703 7.94 
0 0.00 
3,182 0.05 
0 0.00 
7.884 0 12 
246 0.00 
2,189 0.03 
4,925 0.07 
96,359 1.42 
1,934,206 28 .52 
3,277 0.05 
11,338 0.17 
12,426 0.18 
30,936 0 46 
63,605 0.94 
133,665 1.97 
135,627 2.00 
596,684 
2,160 0.03 
0 0.00 
13,603 0.20 
2,040 0.03 
63,446 0.94 
104,425 2.07 
45 0.00 
4,170 0.06 
173,656 2.56 
15,857 0.23 
1,245,507 18.36 
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of fuel oil could be saved if it were burned in Diesel engines 
instead of under boilers. This would be a saving of easily over 
$5,000,000 in public-utility fuel costs. 

The comparative thermal efficiencies of Diesel-engine generat- 
ing units and large steam-turbine plants sre too well known to 
justify repeated technical discussion. There are large plants 
on the Atlantic seaboard (for instance, the Narragansett Power 
Station) where fuel oil transported in tankers is burned under 
boilers. The average fuel consumption per kilowatt-hour in such 
large modern steam plants is about 1.2 Ib. of fuel oil as compared 
with about 0.6 lb. burned in large Diesel engines. Varying load 
conditions and types of equipment may, for particular installa- 
tions, change slightly these figures; but they are approximately 
correct. 

The next question to consider is whether this saving of 
$5,000,000 would be dissipated by fixed charges on higher Diese! 


Fic. 4 Dovsie-Actinc Two-CycLte ENGINE 
2400 b.hp. at 110 r.p.m.; 900 mm. bore, 1400 mm. stroke; mechanical 
efficiency, 70 per cent.) 
plant costs or higher Diesel operating costs. While steam- 
plant costs are very generally known, this information is not 
obtainable on large Diesel-engine plants, due to lack of such 
installations. With so many concerns offering large Diesels in 
advance of actual building, prices quoted are very unstable, the 
market not having become established. Again, the ultimate 
price of large Diesel engines will only be determined after suffi- 
cient orders have been placed to produce these engines on other 
than single-engine orders with comparatively high cost of manu- 

facturing. 


Cost or LarGe Dieset-ENGINE GENERATING STATIONS 


Contrary to general opinion, however, based on actual selling 
prices of the few large Diesels which have been sold in this coun- 
try, the cost of large Diesel-engine generating stations is approxi- 
mately that of modern steam plants. In fact, in many cases 
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the cost of the Diesel plant is less, depending upon the varying 
costs of providing condensing water for the steam plant. For- 
merly Diesel engines were comparatively high in price, but today 
Diesels rank with the very few commodities that are being sold 
for less than prewar prices. Large stationary Diesels cost less 
than $60 per hp. and the total cost of a large Diesel generating 
station is normally around $135 per kw., made up about as 
follows for average conditions: 


Estimate oF Cost oF a Four-Unirt, 15,000-B.Hp. 10,000-Kw. 
INSTALLATION 


Building, including 20-ton crane.................. 75,000 
Four 3750-b.hp. Diesel engines, f.o.b. point of manufac- 

Freight on engines at $1 per ewt.......... i ane 40,000 
Generators and exciters, direct-driven..... 100,000 
Freight on generators and exciters....... - 5,000 
Unloading and placing on foundations............ 15,000 
Cooling-water system (if required).................. 25,000 
Switchboard and wiring.................... eer 20,000 
Miscellaneous items, contingencies, and engineering. . . . 80,000 

Diesel station cost per kilowatt of installed capacity... . $135 


It should be noted that the installation is extremely simple, 
approximately only one-half of the floor space being required 
that is necessary for turbine installations, the building being 
somewhat lower, and expensive smokestack, coal and ash- 
hauling apparatus being absent. Fig. 8 showing the comparative 
floor space of a 20,000-b.hp. electric station with four units 
of 5000 b.hp., steam turbines—Diesel engines, is taken from a 
catalog of Sulzer Brothers, Swiss builders of Diesels as well as 


Fic. 5 Svuizer Bros. Marine Type 10-Cytinper Two-CycLe 
Enarne, 5800-6800 Hp. 


of steam turbines and boilers. The simplicity and small size 
of the building is quite well established by Fig. 9, which shows 
a 20,000-hp. 6-unit Sulzer Diesel plant installed at Shanghai, 
China. 

As the size of the Diesel increases, the maintenance cost di- 
minishes. The replacing of a working part on a 36-in.-diameter 
cylinder rated at 2000 hp. does not cost ten times as much as 
a similar part on an 18-in. cylinder rated at 200 hp. This is 
apparent and will become established in this country after more 
of these large Diesels have been installed. 

Similarly, the same operator who takes care of a 500-hp. 
Diesel engine can as well take care of a single engine several 
times as large. There is no more to do while the engine is in 
operation, Adjustments and upkeep work would be somewhat 


greater of course, but not in proportion to the increased size of 
the larger engine. 

And so this fuel saving would be a net saving and added to the 
net income of public utilities. 

Here, then, is the first economic place for the large Diese! en- 
gine, in sections of the country where the price of Diesel fuel 
on a B.t.u. basis compares favorably with the price of steam 
fuel. 


Use or DigsELs IN AUXILIARIES IN LARGE STEAM Power PLants 


The task remains, however, of convincing “‘dyed in the wool” 
steam engineers, who will, of course, still insist on having steam 


Fie. 6 & 2700-B.Hp. Fork 
MARINE 


at any cost. Before reaching a decision to purchase the 3750-hp 
Diesel for installation at Tucson, clearly.a Diesel territory, on! 
of these “steam’’ engineers organized an exploring party to s¢ 
if a coal stratum could not be discovered in that locality. The 
geographical division of the country into cheap-coal and cheap 
oil territory is a logical step in the first consideration of the larg’ 
Diesel. But this is only the first step, and possibly a mor 
important use of the Diesel is as an auxiliary to even the largest 
power plants, both steam and hydroelectric, because of char 
acteristics it possesses which are too frequently overlooked 
In fact, due to its limitations in size the Diesel will never be 4 
competitor of the largest steam turbines; but it can be very 
advantageously used as auxiliary capacity, as follows: 


1 By carrying normal peaks, permitting steam equipmet! 
to be operated at most favorable constant loads with 
highest efficiency 

2 For emergency peaks 

3 As standby and reserve to high-lines 

4 Hydroelectric auxiliary. 
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Self-contained, with a minimum of piping and auxiliary equip- 
ment, and using easily handled and stored fuel, capable of de- 
livering full output within a few minutes’ time, simple to start 
up, the large Diesel generating unit, costing no more per kilowatt 
of installation than the overall steam plant, forms a very de- 
sirable 10 or 20 per cent of the capacity of quite large steam- 
turbine generating stations. The daily peak load is the bugbear 
of the central-station efficiency operator. It is usually of short 


Fic. 7 M.A.N. Type, Two-Cycie, Dovusie-Actinc Dreset Enaine, 3900 B.Hp., Burtt sy THE 
Hooven, Owens, RENTSCHLER Company, HAMILTON, Oxn10 


duration, two or three hours 
only, but must be provided for 
either by firing up additional 
boilers and warming up addi- 
tional turbine capacity, or op- 


OIL AND GAS POWER 
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and supply smaller and more widely separated communities. 
Further, the western part of the country is more subject to wind 
and sleet storms, causing damage to high-tension distribution 
lines which often requires many days for repairs. The pride of 
even small communities is humbled by a sudden return to dark 
nights, kerosene lamps, and candles. The support of these small 
municipalities as customers is almost a necessity for the proper 
electrical development of the western part of our country, 
where industrial power de- 
mands are smaller than in the 
East and grow at a lesser rate. 
Eastern holding companies who 
have extended their operations 
to the Middle West are finding 
out that it is extremely difficult 
to appease the clamorings of 
disgruntled small-town citizens 
over interruptions of high-line 
service. The answer is to in- 
stall part of the capacity of 
the system in Diesel generating 
units placed at important feeder 
points and used either for con- 
stant operation, where the cost 
of Diesel fuel favors, with the 
surplus capacity in readiness in 
the distant steam-turbine sta- 
tions for emergencies; or, where 
the cost of steam generation is 
lower, to have the distant Diesel 
to supply service during high- 
line and other interruptions, and 
assist in carrying peak loads. 


erating the remainder of the 
day at less than the maximum 
efficiency loading of both. 
Once adopted as part-station 
capacity for carrying peak 
loads, the large Diesel will 
quickly become a favorite ap- 
paratus with the chief engineer 


and the efficiency engineer of 
the large power plant, as well Bg 
as with the owner. Ho 
Aside from the normal daily “—? 
peak loads, there are occasional ib 
unexpected fluctuations in the ss) 
load curve, especially in large - 


thane 


be 


cities—for instance, such as is 
caused by a bright day becom- 
ing cloudy. When such a sky 
becomes suddenly overcast 
with black clouds a large light- 
ing demand, seldom felt during daylight hours, comes on quickly. 
For such loads, and for emergency partial breakdown of steam- 
Power-plant apparatus, the separate, self-contained Diesel ca- 
pacity serves an excellent purpose. 

_Eastern superpower systems are closely tied in with compara- 
tively short distances between large generating stations. This 
8 not the case in the West, where high-tension lines become longer 


Steam Turbines 
Fic. 8 Comparative Fioor Space oF Two 20,000-B.Hp. Erecrric Stations Four Units 


Diesel Engines 
Or 5000 B.Hp. Eacu 


This plan of installing Diesels is being rapidly adopted in several 
sections throughout the West, especially where small Diesel gen- 
erating stations have been taken over by expanding holding com- 
panies, and their low-cost-production records forcibly brought to 
the attention of the new owners. 

This system of installing Diesels at outlying points on high 
lines has other advantages. When a high line becomes over- 
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loaded, it saves increasing its capacity. Where 
new properties are acquired far from existing high 
lines and with loads not immediately justifying 
high-line extension, Diesel generating plants may 
be installed for the period of years required for the 
load to be built up to a point where extension of 
the distribution system may be profitably made. 
As such Diesel generating stations will produce 
power at costs comparable with the largest steam- 
turbine plants, even where steam fuel is obtain- 
able at a more favorable cost, the rates of the large 
parent station may be maintained for the cus- 
tomers of the Diesel generating station, assisting 
in developing this load. 

In these days of rapid improvement of steam 
equipment, the replacement of low-pressure 
boilers, turbines, and equipment which have 
been superseded by more efficient types, may be 
oftentimes deferred by installing additional ca- 
pacity in more economical Diesel generating 
units, in many cases the partially obsolete steam 
equipment ultimately becoming reserve capacity 


DiesELs AS AUXILIARIES IN HyDROELECTRIC 
PLANTS 


Another distinct field for the Diesel is as a hy- 
droelectrie auxiliary plant. During times of low 
water flow the Diesel may be operated with mini- 
mum attendance; depreciation is practically ab- 
sent when shut down, in contrast to the heay 
depreciation of idle steam equipment; the fuel is 
safely stored for long periods without danger oi 
spontaneous combustion or depreciation fron 
weathering; and the plant is compact and lends 
itself readily to installation in the hydroelectri 
turbine power house, to which the fuel is de- 
livered by gravity pipe line. A single attendant 
can start even quite a large engine to carry 0c- 
casional peak loads; and for more sustained 
seasonal operating, additional personnel can be 
supplied as required. The life of a Diesel op- 
erating as standby auxiliary is almost indefinite 
the working parts being bathed in oil and not 
subject to rusting or deterioration. 

Where water storage capacity is sufficient 
and peak loads exceed the capacity of a hy- 
droelectric plant, the Diesel auxiliary may b 
operated as a hydraulic accumulator, pumping 
the water back over the dam to storage during 
light-load periods of the day, as well as adding 
its capacity to the hydraulic turbines during 
peak loads. 

Extensive study of the advantages of larg 
Diesel-hydroelectric auxiliary plants has bee! 
made during the past ten years, and each tim 
the lack of actual installations of large Diesels 
has introduced an experimental hazard whic! 
for so large an investment has prevented col 


Fic. 9 20,000-Hp. 6-Unit Sutzer Dieser 
INSTALLED AT SHANGHAI, CHINA 


A—1200-kva, group (1500 hp.); B—3300 kva ar 
(3600 hp.); C—4600-kva. group (4800 hp.); —— 
tank; E—fuel wells; F—compressed-air bottles; a 
electric pumps; H-—settling tank for piston poe 
water; K—hot-water tank; M—water tower; N —coolits 
tower; O—mufilers; P—exhaust piping; Q—suctio? 
pipe; R—turbo-blowers for scavenging air; > —rota' 
converter substation; —T—switchboards. 
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summation of such plans. This hazard has now been eliminated 
by the very extensive building of large marine engines, advantage 
of which will no doubt be taken by engineers in charge of super- 
power development, embracing both steam and hydroelectric 
power plants, with its network of distribution lines. 

So far, in dealing with this subject, the use of the large Diesel 
engine by public utilities has been alone considered, and this is 
by far the largest field. To what extent the large Diesel is 
adopted by industry depends to a great degree on the attitude 
toward it manifested by the public utilities. 


INDUSTRIAL DIESEL INSTALLATIONS 


If the large Diesel-engine installation has merit as a low-cost 
power producer it cannot be stifled, for the simple reason that 
industrial plants will be able to produce their own power with 
large Diesels at lower costs than central-station power companies 
can afford to supply it. Already the greater number of American 
Diesels of medium size—1000 to 2500 b.hp.—are installed in 
private industrial plants. One of these plants at the Moctezuma 
Copper Co., Nacozari, Son., Mexico, consists of two 2200-hp. 
and four 1250-hp. engines supplied by the Nordberg Manu- 
facturing Company. At the end of 1924 this plant was re- 
ported, after some of the units had seen five years of service, to 
have a record of gradual reduction in maintenance cost and 
entirely successful operation. Investigation over a period of 
years of the operating results of similar engines within this range 
of sizes recently led the Commerce Mining & Royalty Co., of 
Cardin, Oklahoma, to install a 6750-hp. Nordberg Diesel plant 
consisting of three 2200-b.hp. engines. The installation of such 
plants in industries which are or should be customers of public 
utilities discloses a competitive situation for a long time existing 
to some extent between Diesel-engine builders and public util- 
ities that is very unhealthy. 

Because the Diesel engine was for many years built only in 
small sizes, its field was limited to small plants, both small city 
power-generating stations and small industrial private plants. 
With the development of the superpower idea, especially during 
the last ten years, the Diesel engine, in the minds of public- 
utility-power salesmen, has become definitely connected with the 
so-called “isolated power plant.’’ Compared with selling elec- 
trie power to replace simple non-condensing steam plants, re- 
placing small Diesel isolated power plants has been very difficult 
because of the low operating costs. The electric-power salesman 
meeting the Diesel-engine salesman in competition for new small 
power plants has come to regard the Diesel as an enemy to be 
fought at every turn—as a menace to successful high-line de- 
velopment. In some cases unfair adverse claims have only 
served to arouse interest in the extremely low costs of producing 
power with Diesel engines; and in some localities the public 
utilities have been harassed by unfair business methods used in 
promoting the sale of small Diesels. 

Undermining existing investment of public utilities giving good 
service at fair rates by agitations directed toward the installation 
of municipal Diesel-engine plants is economically unsound; 
but the menace of so disturbing comprehensive rate systems em- 
bracing large territories served by single public-utility holding 
companies is increasing. Fighting between two industries is 
usually costly to both. The great power business of the country 
s well organized by advantageous national electrical associa- 
tions, while the thirty-five or more Diesel-engine builders are 
without any organization at all. The easy method for applying 
corrective measures would therefore seem to be, first, for the 
public-utility interests to promulgate proper views which would 
discourage costly and useless inter-industry fighting between 
Cleetric-power and Diesel-engine salesmen, and, second, by in- 
Stalling the Diesel engine where fuel and other conditions justify 
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the use of the Diesel, thus robbing the unethical Diesel salesman 
of his offensive weapon of comparing the low cost of Diesel- 
engine power with higher cost of steam power on which electrical 
rates are based. If a central station generates all or part of its 
power with Diesels, the principal reason for installing a municipal 
Diesel plant in competition is lacking; and the same line of argu- 
ment. applies to the isolated industrial plant. 

While the Diesel was built only in small sizes this procedure 
could not be undertaken, but now that large units are available, 
the way is open. In all fairness to the merits of the Diesel 
engine the American power-plant engineer should give more 
consideration to the large Diesel, not only because of its high 
thermal efficiency but for other qualities which it possesses which 
commend it in sizes of 5000 and 10,000 kw. for installation as 
part capacity of even the largest power plants. 


Fic. 10 Test-Bep View or 5250 B.Hpe. Sutzer LAnp ENGINE, 
Evectric GENERATING STATION, SHANGHAI, CHINA 


Discussion 


EpGar J. Kares.? Attention has been called to the many 
points of contact between the local Diesel power plant and the 
electric central station. Referring to the fact that the greater 
number of American Diesels in the size range of 1000 to 2500 
b.hp. are installed in private industrial plants, the author re- 
marked that ‘‘the installation of such plants in industries that are 
or should be customers of public utilities discloses a competitive 
situation for a long time existing to some extent between Diesel 
engine builders and public utilities that is very unhealthy.” 

Certainly, oil-engine builders do not wish to stand in the way of 
sound economic progress. Economic laws are bound to prevail 
in the end, and the sooner they are allowed to come to fruition, the 
greater will be the benefit to all. 

It therefore seems pertinent to inquire into the real function of 
the electric central station. Is it desirable from the standpoint of 
the people at large that all industry should as soon as possible 
receive power from centralized public utilities? Or, on the other 
hand, are there certain inherent limitations attached to central- 
station service that sometimes make a local individually owned 
power plant more desirable as a matter of public policy? The 
question of course is independent of any selfish interests. It in- 
cludes other factors besides those involved in a mere investigation 
as to which kind of power the industrialist can buy the cheapest. 
In effect the question is, “How can the electric central station 
best serve the community?’’ The excuse for discussing it at this 


2 Consulting Engineer, New York, N. Y. Chairman, Oil and Gas 
Power Division. Mem. A.S.M.E. 
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time is its intimate connection with the economic future of the 
Diesel engine. 

When the public sale of electricity was started, over forty years 
ago, the sole purpose was to furnish current for lighting, and for 
many years over 90 per cent of the current was thus used. In 
those days a central station’s load curve showed two peaks, one of 
short duration in the early morning, and the other a longer one 
persisting through the late afternoon and evening. During the 
rest of the day a large part of the generating capacity was idle. 

Subsequently, certain developments in the industrial field and 
in electrical technic, such as the improvement of electric motors 
and the application of alternating current to long-distance trans- 
mission, offered a solution to the problem of filling up the valley 
between the morning and evening peaks in the load curve. Thus 
commenced the eager quest for industrial power load which is 
still vigorously under way. This type of load was exceedingly 
attractive, as it made use of generating equipment otherwise idle 
and incurred only a small additional operating expense consisting 
mainly of the extra fuel. Most of the private steam plants were 
thermally inefficient, and the electric central station could easily 
afford to produce and deliver power to them at a lower price than 
they could make it. 

Because of these advantageous factors the search for industrial 
power load was completely successful, and eventually the day- 
time valleys in the load curves of the various central stations were 
quite filled up. But now the pendulum has swung to the other 
side, and in most public-utility systems it is the industrial power 
load instead of the lighting load that causes the peaks and 
necessitates the expenditures for extensions. The industrial load 
is no longer a byproduct, and a correct cost analysis must allocate 
to it a fair share of the overhead charges. 

During this period of substitution of central-station electricity 
for private steam-power plants the modern Diesel engine has been 
developed, and it has now reached a place of great economic 
significance. The Diesel power plant for private use enjoys the 
tremendous advantage over the corresponding steam plant of 
being highly efficient even though small. Consequently, the 
private Diesel plant can produce power at low cost. 

Though a modern steam central station burning cheap coal 
generates electricity very cheaply, the cost of transmission makes 
the delivered cost much higher. Statistics for the United States 
show that the investment in transmission and distributing sys- 
tems exceeds by a considerable amount that in the generating 
plants themselves. Furthermore, upkeep and operating costs for 
the distribution agencies are high, and an average of about 20 per 
cent of the energy transmitted is lost. 

For these reasons, central stations are unable to deliver power 
to many types of industries at as low a cost as the power user 
could obtain from a Diesel plant of his own. Of course, electric 
power is often sold at a price which does not correspond with cost. 
That is because, under the system of public-utility regulation fol- 
lowed in most of the states, there is no obligation or even an incen- 
tive for central stations to segregate their loads into classes, deter- 
mine the cost of serving each class, and apply rate schedules in 
accordance therewith. On the contrary, the fact that some 
classes of load, such as the domestic consumers, are practically 
non-competitive, provides an inducement to discriminate against 
the residence customer in favor of the industrial power consumer 
who can make his own energy if he wishes. With the present 
system of regulation this practice is generally permissible, so long 
as the total income of the central station company does not exceed 
a “fair return.” 

Such discrimination is of course economically unsound, and not 
only the general public, but even the central stations themselves, 
would benefit by its abolition. Industrial power rates that are 
below true cost do not promote the public interest. The low 


rates are not reflected in the prices of the goods marketed, since if 
the electric rates were higher, the manufacturer could still obtain 
cheap power from a plant of his own. On the other hand, the 
public makes good the central station’s loss by paying higher rv-si- 
dence rates than necessary. 

Our national economy would be served if future large reductions 
in the cost of central-station current should enable all our power 
needs to be cheaply supplied from that source. At present there 
does not seem to be much hope. Generating costs are not like|\ 
to be greatly lowered; fuel engineering developments may indeed 
further reduce operating expenses, but they will require greater 
capital investment and thus greater overhead charges, with |itt\; 
net advantage asa result. The cost of hydroelectric power is 
not subject to much reduction; the efficiency of hydraulic tur- 
bines already approaches 100 per cent, and the best sites for 
hydroelectric projects have already been developed. Trans- 
mission costs have an upward trend, because longer lines and 
higher voltages demand larger investment, cause higher expense 
for maintaining reliable service, and bring about greater energy 
losses. Transmission lines are first built to serve dense and 
profitable loads, and are later extended into less attractive locali- 
ties. 

In view of these limitations, what are the proper economic 
fields for central-station electricity? In the opinion of the writer 
the most important are: 

1 The delivery of cheap hydroelectric energy to industries 
which are so dependent upon cheap power that all other considera- 
tions are secondary and they will be built near the hydrogenerat- 
ing stations; for example, electrochemical undertakings such as 
the production of aluminum and the manufacture of fertilizer. 

2 Furnishing electric energy to industrial establishments re- 
quiring small amounts of power, in which private power plants 
would not be justified. Such power should be sold at rates that 
will yield a reasonable profit. Typical of this field are the numer- 
ous small manufacturing plants in city loft buildings. 

3  Thesupply of current for commercial lighting, except in a few 
large stores and office buildings where a private power plant woul 
be more efficient. 

4 Last and most important, the supply of cheap current to the 
home. This field for central-station energy offers such tremendous 
opportunities to serve the public welfare, and at the same time 
afford a most profitable income to the electric companies, that 1! 
deserves far more attention than it has received. 

Over 85 per cent of the homes within reach of electric-service 
companies’ lines are now wired up and connected. Obviously, 
therefore, future expansion in electric service to the home will de- 
pend not so much on connecting up to more homes as on supplying 
more current to the homes that already are consumers. ‘These 
homes use electricity almost exclusively for light; the great 
opportunity lies in supplying them with current for other purposes. 

Electricity can and should be made a great social servant in the 
home, not only for lighting, but for many other conveniences, 
comforts, and labor-savers unique to electricity and not suf- 
ficiently availed of at present; such, for instance, as electric re- 
frigerators, water heating, room heating, and the operation of 
many small but useful electrical appliances. 

The present utilization of electricity in the home is absurdly 
small. The average consumption is only 1 kw-hr. per day, and 
the load factor only 14 per cent. Think of the great expansion 
possible. Under these conditions the indirect costs of providing 
service are high, and this is sometimes pointed to as explanation 
for the fact that the price of electricity in the home is about te? 
times the cost of production. 

The editorial staff of Electrical World, after making a survey 
of the light and power business, pointed out that experience with 
well-applianced electrical homes has demonstrated that it is e- 
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tirely practicable for a householder to use from 12 to 20 kw. of 
electrical equipment consuming between 4000 and 6000 kw-hr. 
annually. Such domestic installations produce a very desirable 
load, with a fairly even demand throughout the day and night and 
a load factor of 22 per cent. It was estimated that an average 
rate of 3.52 cents per kw-hr. could be obtained for this business 
and that the resulting gross income would be about 3'/2 billion 
dollars per year, which is over ten times that now received from 
the entire industrial motor load. 

The present inadequate use of electricity in the home is due 
mostly to obsolete types of rate schedules, originally designed 
with the idea of protecting. These should be revised with the 
purpose of promoting increased usage. Lower prices in the higher 
blocks of the rate schedules will cause greater usage and bring 
more profits to the electric companies; at the same time the 
people will derive the benefits of increased electric service. 
Effective education must of course accompany the changes in rate 
schedules. 

The opportunities for profit to the electric public utilities that 
lie in taking on more industrial power load are trivial in compari- 
son with those in the domestic field, and any central-station capac- 
ity released from serving unprofitable motor loads can easily be 
utilized for increased residential service. Thus benefits will come 
both to the central stations and to the public. 

The chief function of the electric public utilities is to make our 
homes happier by supplying fully those unique services that 
only electricity can give. By fulfilling this purpose they will 
not only perform their duty to society but also reap rich financial 


rewards, 


J. D. Bowes.’ The Tucson Gas, Electric Light & Power Co., 
of Tueson, Ariz., is one of our subsidiaries. During the summer 
months the climate is very hot, no natural stream flow is available, 
water is pumped from deep wells emerging at a temperature be- 
tween 75 to 80 deg., fuel oil or distillate costs from 5 to 6 cents per 
gallon delivered, and coal costs approximately $8 per ton deliv- 
ered. These conditions combined to favor Diesel operation when 
power-plant additions become necessary in 1914, shortly after we 
acquired the property. Accordingly two 500-b.hp. Fulton 
Diesel units were installed in 1915. These were followed up by a 
pair of 550-b.hp. Busch-Sulzer Bros. engines in 1918 to 1920. 
Then came a pair of 900-b.hp. Werkspoor engines purchased from 
the United States Shipping Board, at what was then considered a 
bargain. All these units are four-cycle and direct-connected to 
three-phase 60-cycle 2400-volt Westinghouse alternators with 
direct-connected exciters. 

The load at Tucson has continued to grow; in fact, during the 
last two or three years it has been growing at an accelerated rate; 
and when the need for additional generator capacity became 
urgent, | recommended against any further Diesel units of 
less than 2500 kw. each. Accordingly a contract was let to 
Busch-Sulzer Bros., of St. Louis, to build an engine rated at 
approximately 3750 b.hp., 124 r.p.m. at Tucson, elevation of 2200 
it. Allis-Chalmers Mfg. Co. furnished the alternator, which is a 
flywheel type, the rotor of the alternator serving as a flywheel for 
the engine. This machine is rated at 3750 kva. and is served by a 
belted exciter using Texrope drive. This drive, by the way, has 
proved entirely satisfactory and permits of an exceedingly short 
coupled arrangement, and by belting the exciter we reduce the 
cost of the installation somewhat; but, mainly, the higher exciter 
speed provides for better voltage regulation and the use of fewer 
relays for the vibrating voltage regulator. The generator voltage 
regulator serving this entire station, by the way, is now equipped 
with 32 vibrating contacts. 
am Vice-President and Chief Engineer, Federal Light & Traction 

+ New York, N.Y. Mem. A.S.M.E. 
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At the present time the Tucson operating requirements are 
about 4000 kw., and we are considering the installation of a dupli- 
cate of the present big unit in the immediate future. 

The two-cycle principle was chosen for this new unit to cut 
down on the number of valves and consequent maintenance and 
loss of service as well as simplified head construction. We have 
found economy of this unit, so far, in all-day, every-day opera- 
tion to be equal to, if not better than, the smaller four-cycle units 
installed in the same station. We are also using a somewhat 
heavier grade of fuel oil in the big engine than is permitted by the 
smaller engines. 

There is no question of the advantage in the ease of operation 
and our anticipated lower maintenance costs for the big units 
when comparing these items with the same capacity in the multi- 
plicity of smaller units. The voltage and frequency charts with 
the big unit in operation indicate superior regulation to several of 
the smaller units running in parallel with the big unit off the line. 

The air for scavenging is drawn through an air washer to clean 
and coolit. Witha reciprocating scavenger pump the rated capa- 
city of this washer should be about twice its rated capacity for 
turbine-generator cooling. Some nuisance has been experienced 
at Tucson with the 3700 b.hp. unit owing to the air pulsation, 
accompanied by a steady thumping noise, both of which carry 
over the country for several miles. There is a difference of opinion 
among those of us who have been in intimate contact with this 
installation as to whether the air currents and noise are caused by 
the exhaust or the intake, or a combination of the two. The noise 
is in the form of a hollow boom like beating a large drum, timed 
at 124 beats per min., although the scavenger pump is double- 
acting in effect. We are now installing some additional muffler 
sections on the exhaust, the muffler being in the form of a stack 
which can be made up of any number of sections. At the top of 
this muffler there will be installed a chimney with its rim 90 ft. 
above the ground to correspond with an adjacent steam-boiler 
stack. 

A concrete inlet chamber has been built which will be provided 
with wood baffles, and the air will enter this chamber through a 
stack carried well up into the air. With these added facilities, I 
do not anticipate any further noise or air vibration nuisance. 
However, our next big engine is to be equipped with an independ- 
ent motor-driven scavenger blower. 

There are a number of interesting featuresin connection with our 
Tucson Diesel-engine installation, such as using Zeolite-softened 
water for spray-pond make-up; putting this spray-pond water 
directly through the jacket spaces rather than through the heat 
exchangers of a closed system; removing the traces of oil from 
piston-cooling water by chemical treatment and filtration; the 
storage, handling, and cleaning of fuel and lubricating oils; ex- 
haust-heat reclamation in connection with the six smaller engines, 
and so forth. 

{Since the foregoing discussion contracts have been let for a 
duplicate 3750-b.hp. engine but equipped with a scavenger 
blower driven by a 350-hp. synchronous motor, and a duplicate 
alternator. This second large unit will be in operation by the 
early part of the coming year.—J. 8. B.]} 


H. L. H. Smrru.* The author says much that is of interest and 
gives some points that are novel. There is no doubt that in these 
days of interconnection between power systems there would be 
decided merit in having Diesel-engine units capable of operating 
as synchronous condensers when not needed for power generation. 

As to the Sulzer Bros, single-cylinder experimental double- 
acting two-cycle engine with a cylinder of a diameter of 900 mm. 
and a stroke of 1400 mm., this is a huge cylinder, and undoubt- 


‘Superintendent of Steam Power, New England Power Co., 
Worcester, Mass. 
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edly engine builders would have to experiment with construction 
of such size in order that the difficult problems of cylinder-head 
and piston cooling might be worked out by determination of 
facts. The author also tells of a former single-cylinder Sulzer 
experimental engine having a bore of 1000 mm. The author 
does not make it clear whether these huge experimental single- 
cylinder engines were constructed by the Swiss firm or by the 
American Sulzer firm, but presumably they were made by the 
Swiss firm. It would seem to the writer to be a far cry from an 
experimental single-cylinder engine of such dimensions to an 
engine with as many cylinders as ten. It is true that the author 
mentions that Sulzer Bros. have supplied eight 10-cylinder units 
averaging about 5000 hp., but such an aggregation as proposed, 
constituting an engine of altogether record size, would leave one 
waiting somewhat dubiously for the record of successful operation 
and satisfactory maintenance cost and service availability. 

The fact that the number of reciprocating marine engines under 
construction exceeds the marine turbine horsepower under con- 
struction nearly two to one does not of course establish superior- 
ity of reciprocating engines over steam turbines except under the 
very special economic conditions of marine power, and unques- 
tionably it is the rather special marine power considerations 
which establish the ratio of practically five to one for marine 
Diesel engines compared with marine steam turbines. 

The author gives a table of fuel oil consumed in generating 
electric power by public-utility power plants in 1927. In this 
table Massachusetts is outstanding in that it consumed 9 per cent 
of the fuel oil used in public-utility plants of the entire country. 
Massachusetts is neither a cheap oil state nor a cheap coal state, 
but it has water-borne transportation of either fuel so far as its 
coast line is concerned. Its consumption of fuel oil has varied 
somewhat widely and rapidly with the varying factors of oil pro- 
duction and freight transportation, the tendency recently having 
been toward lowered use of fuel oil. Specific reference is made 
to the Narrangansett station as using fuel oil, although the most 
recent practice at that station does not comprise the use of oil 
fuel. 

The author gives an interesting tabulation of estimated costs of 
a four-unit station aggregrating 15,000 b.hp. or 10,000 kw., using 
as a basis the unit engine cost previously mentioned by him of 
$60 per b.hp., the estimate totaling $1,350,000, or $135 per kw. of 
installed capacity. If this installation were figured on its load 
capacity with one unit out of service, the unit cost would go up to 
$180 per kw. 

The author mentions the daily peak load as difficult to provide 
for in central-station operation. In these days, however, the 
central-station field is almost entirely that of light and power, and 
the old-established peak loads of a few hours’ duration which 
characterized all electric-railway stations and do still to the 
limited extent in which electric railway loads have not been taken 
over by the general electric utility supplying light and power, and 
which characterized the electric-light central station in former 
years before the development of extensive industrial peak loads, 
have at the present time very limited existence. 

The general electric utility today has an industrial peak load 
which now exceeds its lighting load. It is true that for a few 
weeks in the winter there is a serious overlapping, but seemingly 
at present it must be handled by short seasonal operation of 
otherwise obsolescent reserve equipment. In a few more years it 
undoubtedly will be handled largely by the joint effect of tempo- 
rary curtailment of the heat economy of steam plants by the cut- 
ting out of perhaps two stage heaters in multiple-stage heating 
turbo-generators, thus allowing nearly the full throttle steam 
admission to go through to the condenser, the low temperature of 
cooling water in the winter season enabling the condensers to 
maintain good vacuum and also making available extra thermal 


capacity of generator air coolers so that the generators may carry 
loads from 10 to 15 per cent in excess of nameplate ratings. 

The author refers to the commercial strife between Diesel-engine 
salesmen and electric-utilities salesmen with respect to industria! 
installations. More responsible consideration of the whole 
matter of the competitive field of electric-utility power supply 
and industrially generated power would seem to be free from 
considerations of this nature. The electric-utility industry 
should not be considered as antagonistic to Diesel engines, nor 
on the other hand can it be expected to adopt it as a means of 
forestalling competition with industrially generated power by 
means of the Diesel engine. 


This meeting has gone from an oil-engine 
meeting to a meeting of an entirely different character; its chief 
object now being, apparently, to criticize the central station ani 
to find fault with the steam plant. A steam plant is not neces- 
sarily the inefficient and disreputable thing we have been told it is, 
and one can be built today that very closely approaches th 
efficiency of a Diesel generating station. Much of the discussion 
has had to do with the low efficiency of a steam plant with low 
load factor, and the suggestion has been made that the peak load 
be taken off with an oil engine, leaving the remaining load at 
higher load factor on the steam apparatus. Now a steam plant 
usually has a pretty well defined economy characteristic. — If 
energy generated be plotted against fuel burned for a great num- 
ber of periods of equal length but different outputs, the resulting 
locus is practically a straight line, crossing zero output at some- 
thing more than zero fuel consumption. Practically every kilo- 
watt-hour generated, after the combustion of this zero load fuel, 
bears the same fuel cost as every other kilowatt-hour. What is 
wanted is to get the average cost down as close to this fixed in- 
crement cost as possible. Any one who has ever run a power plant 
knows that, except under the most unusual circumstances, the 
average fuel rate on the peak watch, with lowest load factor, is 
always better than on the other watches. It is because there are 
more kilowatt-hours to divide the no-load fuel by. It is the big 
divisor we are looking for, and anything that results in increased 
kilowatt-hours helps, be it high-load factor or high peak. With 
the same peak the higher load factor of course wins. Load 
factor in itself means little in operating costs, but it means a lot 
in unit fixed charges. 

The author refers in his paper to the cost of a Diesel plant 
which he estimates at $135 a kilowatt. He also speaks about thi 
Miraflores plant. I had hoped that he was going to tell us what 
it cost. There has been a great deal published about that plant, 
but I have never seen even a suggestion of its cost. TI presume we 
know what the engines and generators cost, for the competitive 
bids were published and $94 per kilowatt was the low bid. A 
statement of the completed plant cost would be very helpful to 
others contemplating a relatively large plant and would clear 
away much of the fog that surrounds estimates of plant cost. 

I think that it will be generally acknowledged that oil engines 
and generators alone will cost $100 a kilowatt, and that is onl) 
where you begin. If all the other necessary things can be supplied 
and constructed for $35 a kilowatt, fine!—but I doubt the ability 
to do it very much. 

The author also shows a layout of a steam station compared 
with an oil-engine plant. If any one were to actually build 4 
steam plant like the one pictured, it would be the last job he 
would ever do for me. The capacity is 20,000 b.hp., less 
than 15,000 kw., and there are four turbine-generators and 
either seven or fourteen boilers, I cannot make out which. What 


5 Consulting Engineer, Stone & Webster, Inc., Boston, Mass 
Mem. A.S.M.E. 
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really should go into the plant depends on the load, its present 
characteristics, and what they are expected to be in the future. 

At most, three turbines would do, possibly only one or two, and 
four boilers would certainly be enough. In some cases I migh 
put in only two boilers, if an increase in load would warrant 
another in a relatively short time. You can readily see what a 
difference reductions like that would make in the cost of the steam 
plant. The same liberties cannot be taken as legitimately with 
the Diesel-plant equipment because the units that have been 
proposed are at least as large as any ever built in this country. 

Referring again to the matter of peak-load capacity. There 
are two ways ordinarily used for providing it. The more usual 
is to employ old apparatus that has been in the plant for years. 
Its first cost was low, and it owes the plant very little now, yet it 
is amply good for operation on short peak runs and is just as good 
as anything else to stand idle for reserve. Another way now 
rapidly becoming popular is to buy apparatus with best efficiency 
points at low ratings but with large overload ability. This extra 
capacity can be obtained very cheaply. This is the plan being 
adopted by the central stations most affected by the sudden short 
notice demands to which the author refers. In case of such a load 
being thrown on the plant nothing has to be started up. The 
reserve capacity is already running. 

I cannot see much to the idea of using an oil engine for peak 
purposes. I think that if an installation of an oil engine can be 
justified at all, it will be run practically on base load to make use 
of its one major advantage, economy of fuel, to the greatest pos- 
sible extent. The only possible excuse for doing otherwise would 
be a marked disproportion in the cost of steam and Diesel fuel 
and a high maintenance cost for the oil engine. I doubt very 
much if the former would occur in this country. Perhaps it does 
in Germany, where, as one of the previous speakers in justifying 
the peak load Diesel in Hamburg has said, coal costs 63 cents per 
ton and oil 11 cents per gallon, although my information is that 
Diesel oil costs there 120 marks per metric ton (1.36 cents per 
pound or 8.75 cents per U.S. gallon) and coal 22 marks per long 
ton or $5.50 per 2240 Ib. 

I do not want it inferred from these remarks that I am not 
favorably disposed toward the Diesel engine. I recognize cer- 
tain legitimate fields for it, and think it would make more prog- 
ress if its proponents confined their efforts to advertising its 
undoubted good features instead of trying to point out the defects 
of other systems of power supply, concerning which they do not 
appear to be particularly well informed. 


AvuTHor’s CLOSURE 


The comments of Mr. Edgar J. Kates throw a very interesting 
sidelight on the discussion. After all, the case between central- 
ized public utilities and local individually owned power plants 
rests upon selfish interests; but the selfish evaluation of the rela- 
tive advantages and disadvantages must, in each case, be based on 
more intelligent and broader considerations that the mere compar- 
ative cost of purchased power and individually generated power; 
at the very least, reliability and permanence of service and the 
effect upon other correlated uses must be considered as factors. 
The author had intended to point out some avenues, opened up by 
the Diesel engine, through which the centralized public utility 
could reach lower power costs, to the mutual advantage of itself 
and the public. Mr. Kates directs attention to another avenue 
to the same goal; that is, the building up of domestic load. But 
the intelligently selfish interests of all parties must be served, if 
such advantages are to be realized. 

The gratifying experiences of the Tucson Gas, Electric Light 
& Power Company, described by Mr. J. D. Bowles, could surely 
be extended to many other public-service stations similarly situ- 
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ated. The steady growth of the unit and total capacities of this 
station is an indication of the development of Diesel engineering 
in the United States during the last 14 years. In this connection 
it may be of interest that, in 1912, when the plant of Busch-Sulzer 
Bros. was built, that company considered itself quite optimistic in 
assuming the largest unit it should be prepared to build to be 
1500 hp. 

The following will answer some of the questions in Mr. H. L. H. 
Smith’s discussion. The large experimental single-cylinder 
Diesel engines, both the single and the double-acting, were con- 
structed by the Swiss firm of Sulzer Bros., in Winterthur. The 
author is not in accord with Mr. Smith’s belief that it is necessarily 
a long step from a single-cylinder experimental engine to a unit 
comprising ten or more of such cylinders. It all depends upon the 
purposes of the experiments, and the extent to which and con- 
scientiousness with which they are carried out. Experiments 
started and carried out with the purpose of proving the correct- 
ness of an accomplished engineering design must not be classed 
with such as have the purpose of developing a piece of apparatus, 
and “working the bugs out of it’? before introducing it to the 
public. The years of successful service of the many children, 
quadruplets to dectuplets, of Sulzers’ large single-cylinder, single- 
acting experimental engine are a tribute to that firm’s Swiss 
thoroughness. As to the utility of marine Diesel engines as 
indices of what may be expected from similar units in stationary 
service, while there are certain differences in the economies 
effected, the success of these marine engines, mounted on rela- 
tively unstable foundations, running at all sorts of angles, with 
propellers alternately overloaded and unloaded by waves, and de- 
veloping full power continuously for weeks at a stretch, is cer- 
tainly sufficient assurance of their reliability in the comparatively 
favorable stationary service. The multiplication of cylinders is a 
definite tendency of the time, with much in its favor, particularly 
in the matter of first cost, and little against it other than compara- 
tive unfamiliarity with the idea. It is not many years ago that 
even six cylinder engines met with considerable opposition from 
purchasing engineers for land stations. 

Mr. Joseph Pope questions the author’s estimate of the cost of a 
Diesel plant. He mentions that for the Miraflores plant the low 
bid on the units alone was $94 per kilowatt, and suggests that a 
statement of the complete cost of that plant would clear away 
much fog. In the writer’s opinion, the opposite would result, and 
as an example of the unreliability of figures by themselves, the 
writer points out that the bids on these units included delivery at 
the Panama Canal Zone, many special engineering requirements, 
six months’ supply of lubricating oil and ten months’ services of 
erecting engineers, besides special shop tests and the expenses 
incident to governmental inspections and approvals. The 
station itself may compare with an ordinary commercial station 
about as the Lincoln Memorial does to the adjacent Munitions 
Building. 

The writer is certain of the sympathetic concurrence of all 
builders of large Diesel engines in his assertion that they would 
be happy could they always get the estimated $60 per b.hp. for 
such stationary machines, built in the best commercial manner; 
and Mr. Pope will be able, on inquiry, to obtain prices on large 
Diesels with generators alone at less than $90 per kw. 

As to the capacity of units and the resulting dimensions of 
stations, there is undoubtedly some economic limit to unit capa- 
city; but looking back over only the last ten or fifteen years, who 
has the courage to set this limit for either steam turbines, or 
boilers, or Diesel engines? It was possibly unwise for the author 
to compare stations of equal flexibility as well as capacity, but he 
still contends that Diesel stations occupy less space than compar- 
able steam-turbine stations. 
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Oil-Spray Research at Penn State 


By P. H. SCHWEITZER,! STATE COLLEGE, PA. 


phenomena is one of the major projects of the Engineering 
Experiment Station of the Pennsylvania State College. 
The main object of the investigation is to establish the laws that 
control the characteristics of oil sprays in compressed air under 
various conditions encountered in the injection type of oil 


A N EXPERIMENTAL investigation of the fuel-injection 


engines. 

The investigation began in 1924, and the past four years were 
almost entirely taken up with the building of the elaborate 
apparatus used in the investigation. The U.S. Navy and several 
engine builders helped generously in the assembly of the experi- 
mental equipment, which is perhaps unexcelled anywhere for 


chamber. The penetration and energy of the spray are accurately 
determined by the pendulum shown in the middle of the 
chamber. The spray hits the disk of the pendulum, which de- 
flects under the impact. The pendulum carries a small mirror 
at the top which reflects a beam of light through the top window, 
and the deflection is read on the scale above the chamber. An 
air-pressure gage and a safety valve, set for 520 lb., are ndicated 
on the diagram. 

Both cam-actuated and automatic nozzles are used for the 
injection of the fuel. The diagram shows the set-up for con- 
stant-pressure injection. A long-stroke pump produces pressures 
up to 10,000 Ib., which can be kept fairly uniform with an accumu- 
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the studying of fuel injection. The completion of the experi- 
mental program will help materially the futher development 
of the oil engine. Advance is expected in these two lines: 


| A more efficient introduction of the fuel 
2 Its faster preparation for ignition as required by high- 
speed engines. 


Fig. | shows the schematic arrangement of the set-up. The 
central part of the apparatus is the pressure chamber. The 
chamber is filled with air and oil is injected into it. The spray is 
observed visually through a plate-glass window which is kept 
free from oil fog by means of a window wiper. Illumination is 
Provided through a similar window on the other side of the 


ce hmociate Professor of Engineering Research, Pennsylvania State 
ege. 

q Presented at the First National Meeting of the A.S.M.E. Oil and 
— Power Division, The Pennsylvania State College cooperating, 
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EQuIPpMENT FoR Fuet-Spray RESEARCH 


lator, partly filled with air, in the fuel line. Passing an oil filter, 
the fuel travels into the cam-actuated nozzle. A cam driven by 
electric motor and acting on a lever arm periodically opens and 
closes the needle valve, producing intermittent injections. 
Through a gearset the frequency of the injection can be varied, 
and by means of an interrupter mechanism either one shot or 
several in succession can be produced at will. The oil-pressure 
indicator records the pressure fluctuations during the injection. 
With the spray stroboscope, which permits the jet pass in a 
certain phase only, the “time distribution” of the spray may be 
studied. 

With jerk-pump injection an automatic nozzle is placed in 
the nozzle holder in place of the cam-actuated nozzle and a fuel 
pump is driven by thecam. In this case the hand pump, accumu- 
lator, and oil-pressure gage are out of operation, but the inter- 
rupter acts on the pump itself producing one-shot injection. 

Fig. 2 shows the pressure chamber, which is a rectangular 
casting with 28 in. X 20 in. X 20 in. outside dimensions and 2'/2-in. 
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wall thickness, tested for 800-lb. hydrostatic pressure. The plate 
glass windows are 1 in. thick and are clamped between rubber 
askets in a floating manner to eliminate the initial strains. 
The seal is effected by the internal pressure only. The entire 
chamber moves on rails, which permits the study of various jet 
lengths. To vary the distance between the nozzle and the pendu- 
lum spacers are used. 

The experimental nozzle, Fig. 3, used for constant-pressure 
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The spray stroboscope, Fig. 5, is an aluminum disk with 4 
slot and is driven from the same shaft which controls the injection, 
It is located between the nozzle tip and the pressure chamber, 
The slot permits the passage of the jet at definite intervals only. 
The rest of the spray is kept from entering the chamber. By 
corresponding angular adjustment of the disk, various phases of 
the injection, such as the beginning, the middle, or the end, can 
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Fic. EXPERIMENTAL NOZZLE FOR CONSTANT-PRESSURE INJECTION 


(1 Valve body. 2 Valve spindle. 3 Valve arm. 4 Stuffing nut. 5 Roller. 6 Roller pin. 7 Nozzle cap. 8 Needle valve. 9 Valve holder 
10 Lock ring. 11 Clutch, female half. 12 Clutch, male half. 13 Packing material. 14 Washer. 15 Washers. 16 Nut. 17 Pin. 18 Roller-pin 
stop. 19 Screw. 20Plug. 21 Cotterpin. 22 Valveseat. 23 Nozzletip. 24 Vent. 25 Vent screw.) 


injection, is built on the screw principle and has proved very 
satisfactory. The object of the unconventional design was to 
be able to use large cams in conjunction with small needle lifts. 
In this way the influence of the cam profile can be studied more 
conveniently. Both flat seats and conical seats are being used. 
With the injection interrupter, Fig. 4, single injections can be 
produced at a high rate of speed. The cam rotates continuously, 
but ordinarily it is out of engagement with the roller of the 
lever arm. By tripping the trigger, shown in front, the cam 
moves axially and stays in engagement with the roller for one 
revolution only. In this way a one-shot injection is produced. 
Setting the interrupter out of action, the injection repeats con- 
tinuously. 


be separately studied. By measuring the amount of oil injected 
in the first, second, and third periods and determining the cnergy 
and penetration of various phases by means of the pendulum, the 
time distribution of intermittent sprays is studied and valuable 
information regarding after-dribbling is secured. 

The dispersion or space distribution includes such items 4s 
penetration, cone angle, and spray density at various points 
Absorbing the spray with felt rings made up from proper sections 
and determining the amount of the liquid absorbed by the weight 
increase is the technique to be used in studying these problems. 

In order to record the pressure variations in the injection line 
during the short time of injection, a special indicator, shown !" 
Figs. 6 and 7, has been developed. 
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The main principle of the indicator is the use of a number 
of pressure-registering elements instead of a single one. Each 
of the six diaphragms is set for a different pressure, and at the 
instant the pressure reaches a predetermined value, electric con- 
tact is made which is recorded on a rotating drum. The contact 
is maintained as long as the pressure exceeds that for which the 
diaphragm is set and during that time the corresponding spark 
needle on the drum punctures the paper at each spark, producing 
a row of holes. In this way a number of perforations are pro- 
duced, the length of each corresponding to the time interval dur- 
ing which the pressure exceeds the pressure for which the respec- 
tive diaphragm is set. Using six diaphragms, which deflect 
at, say, 200, 400, 750, 1200, 2000, and 3000 Ib. per sq. in. pressure 
respectively, twelve points are obtained , six for the ascending and 
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ASSEMBLY OF O1L-PRESSURE INDICATOR 


siX for the descending curve, indicating the time at which these 
presstures were passed during the injection. The connection of 
these twelve points into a continuous curve, giving a time- 
pressure diagram, offers no difficulty. 

The recording is practically instantaneous. The electric 
lag—that is, the time interval between the contact made in the 
indicator and the mark produced on the paper—was measured 
=e found to be about 0.0002 sec. Beeause the movement of the 
diaphragm is but a few thousandths of an inch, the inertia effect 
iS negligible. With this indicator pressure variations of several 
thousand pounds within less than one one-hundredth of a second 
have been recorded and time-pressure diagrams obtained. Fig. 


hows the oil-pressure indicator mounted on an engine with a 
duplicate spray nozzle. 


mittent injection under constant pressure. 
jection. 
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Fic. Cross-SeEcTION OF O1L-PRESSURE INDICATOR 


Standard tests are proceeding now in three different lines: 
Continuous injection under constant 


Inter- 
3 Jerk pump in- 


pressure. 2 


Fia. 8 Ost-Pressure InpIcATOR MOUNTED ON ENGINE 
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The characteristics being investigated are: 1 Spray penetration 
2 Spray dispersion. 3 Time distribution. 4 Pressure fluctu- 
ations. 5 Injection lags. 

The factors influencing these characteristics which are investi- 
gated are: 1 Oil pressure. 2 Pressure or density of the gaseous 
medium. 3 Orifice dimensions. 4 Properties of the fuel. 
5 Frequency of injection. 6 Cam profile. 7 Length and diam- 
eter of the pipe line. 8 Injection pump characteristics. 9 
Turbulence. 

Penetration tests with continuous sprays are made by the 
zero method. The pendulum is loaded with a weight which just 
keeps it in balance against the deflecting force of the spray. 
If the balance is slightly disturbed, the light indicates it on the 


scale. 


Penetration of intermittent injection is measured by the one- 
shot method. The pendulum acts as a ballistic pendulum in 
this case, and the energy of the spray is inferred from the amount 
of deflection. The dispersion or space distribution of continuous 
and intermittent sprays is determined by the felt-ring method 
and the time distribution of intermittent sprays by the spray 
stroboscope. 

Paralleling the investigation of the external spray charact 
istics, pressure variations within the nozzle and the pipe line are 
studied and correlations established. The electric-spark method 
is also used in the investigation of the time lags, so important 
with the jerk-pump injections. 

The project is planned to include the testing of commercial! 
fuel-injection equipment. 
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Specialization in Manufacturing Diesels 


By UO. D. TREIBER,!' CAMDEN, N., J. 


MANUFACTURER is always hunting ways to cut costs, 
and the purchase of finished specialty products is per- 
haps one of the principal ways to do this. The automo- 
tive industry could not have developed to its present state with- 
wit the ability of manufacturers to buy specialty finished prod- 
yets, although some of the automotive concerns have now grown 
tosuch a size that they manufacture many of their own specialties. 

The Diesel-engine industry has today a very good supply 
of specialty products to draw from such as bearings, piston rings, 
drop-forgings, castings, crankshafts, valves, cams, springs, pis- 
tons, gears, governors, lubricators, pumps, gages, and valves, 
allof which are more or less common to many builders of engines. 
Prices of these products to the manufacturer are in many cases 
very satisfactory and such as to discourage the engine builders 
from trying to manufacture them. However, there is opportun- 
ity for improvement. 

The Diesel-engine business is settling down to a more stable 
ind well-organized business. The ability to obtain specialty 
products from various shops will undoubtedly have a bearing 
on the reduction of Diesel-engine costs and should be encouraged. 
There will undoubtedly be different designs of items such as 
fuel-oil pumps and spray nozzles. However, these generally 
fit about the same tools, and shops should organize themselves 
for producing such things, even in small quantities. At fair 
prices they can reasonably expect to be quite successful. There 
may be some parts which an engine builder can manufacture 
i his own plant cheaper or better than can be done in a spec- 
ialty shop. This, however, is doubtful if the specialty shops 
will make a study of requirements and equip themselves for 
economical production. 

The various parts of the Diesel engine can be classified into 
a reasonable number of groups, such as parts which are hardened 


President and Chief Engineer, Treiber Diesel Engine Corp. 
Mem. A.S.M.E 

Presented at the First National Meeting of the A.S.M.E. Oil and 
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and ground, parts made on screw machines, automatics, parts 
made from small iron castings, parts made from large cast- 
iron castings, parts made from aluminum. Another item 
is piston rings; still another is bearing shells. Another separate 
classification could be cylinder heads and liners. Under these 
classifications can be grouped practically all the parts entering 
into the construction of Diesel engines. It would seem to me, 
as an engine builder, that this section of the A.S.M.E. would 
contribute a factor of tremendous economical value by appoint- 
ing « committee to study these classifications and make reeom- 
mendations with a view to assisting both engine builder and spec- 
ialty manufacturer in the economies which might be effected 
from specialty manufacturing. 

It is necessary of course for the specialty manufacturer to 
study the needs of the engine builder and make what the engine 
builder wants and under no circumstances endeavor to sell the 
engine builder something which the specialty man for selfish 
reasons has become interested in selling. 

Progress in the Diesel-engine building art has been very rapid 
in the last few years, but production will never be as intensive 
as in the automotive business. However, specialty shops can 
contribute their portion to the economics of Diesel-engine con- 
struction in maintaining a high-class organization of mechanics 
who are taught to do different kinds of jobs economicaily. This 
policy is of necessity exercised in the Diesel-engine manufacturer's 
shop because of the lack of high production of any given size, 
and if it can be worked out efficiently in the builder's plant it 
can also be done in the specialty shops. Take, for instance, 
the matter of spray nozzles. There are probably twenty-five 
different kinds of spray nozzles today built in as many different 
shops. Probably there is not sufficient production in any one 
shop to tool up for high production. However, should the con- 
struction of all of these spray nozzles be confined to one shop 
and one organization, there are a great many of the operations, 
such as heat treating and grinding, assembling, testing, ete., 
that could be done much more economically, resulting in larger 
savings to the ultimate purchaser. 
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The Diesel Engine and Public Utilities 


By ROSWELL H. WARD,! NEW YORK, N. Y. 


HE problem of the relationship between the Diesel-engine 

industry and the public utilities is one which deserves the 

careful consideration and dispassionate scrutiny of all 
concerned. It is a matter of vital importance to the utility 
companies because the Diesel engine in its present advanced 
state of development is likely to be the most direct answer to 
the future challenge of low power rates, high transmission costs, 
and high fuel costs, conditions which every power producer is 
facing or must expect to face within the next few years. 

To the Diesel-engine industry the subject is naturally of in- 
terest because the public-utility use of Diesel power on a large 
scale, given the proper appreciation of the scope and capabilities 
of the Diesel engine, can become an important force in extending 
the field of usefulness and the public understanding of the Diesel 
engine 

We have heard an author refer to the relations between the two 
industries as “unhealthy;” and it is the purpose of this paper to 
conduct a verbal diagnosis of this “invalid,” this unhealthy 
condition, in the hope that some of the points brought to light 
may serve as a firmer foundation on which to base our future 
efforts in behalf of the broader application of Diesel power. 

The Diesel engine industry and the public utilities are both 
comparatively young, and they are both “pioneer” industries in 
spite of the tremendous development which has taken place within 
the past few years. 

In the sense that they are both dedicated to the greater devel- 
opment of our national power resources, the Diesel-engine 4n- 
dustry and the publie utilities are “brother”? industries. At 
times they have lived and worked together with the utmost 
harmony; at other times they have indulged in the most vituper- 
ative family squabbles; and in some instances they seem to have 
carried on entirely oblivious of each other's presence. This 
rather erratic behavior is due to the somewhat conflicting points 
of contact between the Diesel industry and the public utilities, 
which can be summarized as follows: 


1 Publie utility use of Diesel power 

2 Competition between the Diesel industry and the utility 
companies for industrial load 

3 Competition for municipal projects. 


The first view of such a complex relationship might lead one 
to believe that the questions concerning each individual point 
of contact should be discussed separately. However, it has been 
found that there is so much overlapping, especially so far as poli- 
cies and trade practices are concerned, that we can broaden 
the discussion to inelude all of the underlying issues and that their 
relationships to these points of contact will easily clarify them- 
selves as the discussion continues. 

Looking at this relationship with a full appreciation of the 
fact that the Diesel engine has most conclusively established 
itself in an immense variety of power applications, the general 
sphere of which have been defined by Mr. Pollister and Mr. Pratt, 
we find a rather unequal allotment of this essentially American 

pioneer’ spirit. The Diesel-engine industry has, if anything, 
been a little bit overenthusiastic in some of its relations with the 
utility companies, a perfectly natural reaction, however, when 
they find great and supposedly progressive power producers ap- 
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parently blinding themselves to the immense progress in Diesel 
central stations that has been made by European groups. The 
utility companies, on the other hand, have been backward in 
recognizing the Diesel engine as anything but a troublesome com- 
petitor for industrial load. The reasons for this condition can 
probably be summed up under the following three headings: 


1 Unreasonable sales methods by both Diesel salesmen and 
utility-power salesmen 

2 Lack of understanding of the Diesel engine by American 
engineers 

3 Lack of uniformity and scarcity of Diesel-power cost 
records, especially of public-utility plants. 


In an effort to clarify the sales methods of both industries 
the writer has carried his inquiries not only to all of the Diesel 
executives with whom we are ordinarily in contact, but through 
the courtesy of Mr. Paul 8. Clapp, managing director of the Na- 
tional Electric Light Association, he has also been given an excel- 
lent opportunity to hear what the commercial power salesmen 
have to say about it. From the standpoint of the Diesel-engine 
salesmen the following practices of public-utility power salesmen 
seem to be the ones which arouse the most comment: 


1 Inaccurate compilation of reports on Diesel power costs 
which are submitted as a basis for comparison with the 
utility companies’ quotation 

2 Misrepresentation of operation of Diesel engines in utility 
company plants and in private installations 

3 Misleading statements as to future supply of fuel oil; 
criticism of Diesel engine manufacturers’ advertising; 
presentation of contracts which do not clearly indicate 
the extent of charges, due to penalties, demand charges, 
ete. 

4 Exaggerated statements as to the degree of training nec- 
essary for a successful oil-engine operating engineer 

5 Misrepresentation of municipal and insurance company 
regulations for storage of fuel and lubricating oil. 


The public utility men, in turn, sum up their composite crit- 
icism of Diesel sales methods as follows: 


1 Criticism of public utilities as ‘‘soulless’’ corporations or 
monopolies; criticism of public-utility policies, rate 
structure, etc. 

2 Criticisms based on differences in industrial and residence 
rates, etc. 

3 Appeals for public ownership of municipal plants based 
on everything from costs to civic pride; extremely 
broad generalizations as to superiority of Diesel power. 


In reference to the methods of commercial-utility salesmen, it 
must in full justice be said that most of the statements made by 
them are the result of ignorance. However, there isa uniformity 
in the utility companies’ policy toward the Diesel engine which 
is strikingly absent in the attitude of various Diesel-engine 
builders. 

The reason for the uniformity in utility expressions of opinion 
on the Diesel engine is principally the annual “Diesel Engine 
Cost Report” of the National Electric Light Association, a cost 
report which is compiled by a power committee of power salesmen 
and not engineers. Oil Engine Power, as some of you 
know, has set in motion an effort to obtain a disinterested tech- 
nical scrutiny of the next N.E.L.A. Power Committee report, an 
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effort which has already met with considerable success, although 
there are several points which have not vet been satisfactorily 
settled. 

There is a tendency on the part of the utility-power salesmen 
to regard this “‘report’’ as a sales manual; there is a lamentable 
lack of uniform and up-to-date Diesel-plant cost records, a point 
which will be elaborated later; there is a tendency to regard the 
Diesel engine from the utility viewpoint, as merely an industrial 
competitor. It will therefore be seen that considerable further 
work must be done before this report loses the ‘‘sales manual” 
taint and becomes an impartial report on Diesel costs. 

The attitude of the average American engineer toward the Diesel 
engine is a stumbling block which has its roots deep in the dark 
ages. Realizing that the technical schools are partially, though 
involuntarily, responsible for the lack of up-to-date Diesel train- 
ing of the average engineer, a survey of Diesel training facilities 
has been made by Oil Engine Power. 

Another bad habit of the average engineer is his inclination to 
think only in terms of very large central stations. It is quite true 
that in various thickly populated areas we have extremely large 
central stations, but the cost of high line transmission, the com- 
parative sparsity of the population in a great many sections of 
the United States, and a number of other factors have limited 
the construction of large central stations. Hence, the average 
electric public service or industrial plant in this country is com- 
paratively small, and most of them are well within the range of 
Diesel power; yet our engineers insist on thinking in terms of 
mastodons when they are surrounded with prairie dogs most of 
the time. 

The question of Diesel operating statistics has been mentioned; 
it is comparatively easy to get cost reports on private Diesel 
plants, although they are lacking in uniformity, but the very same 
utility group that will criticize the Diesel engineer for lack of a 
mass of uniform statistical data will be the first to refuse to release 
the cost data on its own Diesel plants. 

Statistics are the basis of any impartial engineering survey; 
and until there is a mutual agreement on such points as rates of 
depreciation, interest rates, charges for maintenance, cost of in- 
stalled capacity, ete., anda mutual interchange of data on private 
and public utility Diesel plants, Diesel statistics will continue to 
suffer from varying interpretations and from the limitations of 
the sources from which they are drawn. 

If we will therefore return to the first analysis of the contacts 
between the utility companies and the Diesel engine manufac- 
turers, we will find the following interrelation: 

1 Concerning competition for industrial load: The natural 
course of business evolution and the setting up of an impartial 
fund of Diesel statistical data will automatically settle many of 
the unnecessary points of conflict which surround what should be 
a condition of healthy clean-cut competition. A future devel- 
opment along this line may be the consideration of the use of 
Diesel engines by utility companies themselves, who find it un- 
economical to attempt to transmit power over the high line to 
an industrial user. If a utility company can ask an industrial 
prospect to install an elaborate transformer installation, it could 
certainly propose to the industrialist that he permit the utility to 
install and operate a utility-owned Diesel plant to give him the 
degree of reliability and economy which he has a right to 
expect. 

2 Public-utility use of the Diesel engine is dependent on an 
appreciation of Diesel power which will be fostered by ‘cleaning 
up” the methods of competition for industrial load; by taking 
additional steps to inform graduate engineers as to the recent 
progress in Diesel engine design and application; by cooperating 
with the technical schools to bring their power plant courses up to 
a requisite point of “Diesel consciousness,’ and by gathering 
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and disseminating broader and more authoritative cost records 
of large Diesel plants. 

3 The question of competition for municipal plants is largely 
a matter of the individual policy of the Diesel engine manufac- 
turers and public utilities concerned. Progress along the lines 
indicated will largely eliminate the charge of ‘unhealthy’ 
methods in this market. 

It will thus be seen that what appears at times to be an intricat 
and embarrassing conflict between two great industries is largely 
a series of minor misunderstandings to which a number of very 
logical answers immediately suggest themselves. [Impartial 
and uniform cost reports on a large number of Diesel plants are 
urgently needed; a determined effort should be made to bring 
engineers and engineering students “up to date’ on Diese! 
progress (a work to which Oil Engine Power and Motorshi; are 
in the nature of things, deeply committed); and underlying all 
of these efforts should be a deep appreciation of the value of giy- 
ing the newer business policy of cooperation between industries 
(even though they are competitive) a chance to prove its use- 
fulness in this relationship. 

Above all, there is the essential dedication of these two indus- 
tries toa common cause: the dissemination of the emancipating 
lifeblood of cheap and reliable electric energy to the mass oi 
the world’s population, a tremendous and fundamental work 
which promises to be the greatest civilizing force ever conceived 
by man—a world movement in which the Diesel-engine industry 
and the public utilities will mutually be expected to meet th 
challenge of the future. 


Discussion 


H.C. Tuuerk.? We are here today not to secure informatiot 
to use against vour Diesel-engine industry nor are we here be- 
cause we feel that by our presence we may temper some of thy 


statements which might be made. We are here, however, 
cause We are anxious to obtain first-hand and authentic operating 
information on the Diesel engine. We have been glad to work 
with Mr. Ward in an effort to reach a common understanding 
between the Diesel-engine manufacturers and our own great 
power industry, as we feel that we have certain common interests 

We have been trying for several vears to secure authentic oper- 
ating cost data on Diesel engine plants. If it were possibl 
have contacts in the Diesel-engine industry where we could ob- 
tain this information, I am quite eure a great deal of the presen! 
misunderstanding would be eliminated. I want to say here as 
a member of the power committee of N.E.L.A. that we sincere!) 
appreciate the spirit of cooperation shown by Mr. Pollister o! 
the Busch-Sulzer Bros.-Diesel Engine Company. 

When we talk about conserving our natural resources it should 
be pointed out that the central stations of this country have 4 
responsibility in this direction. We are at present furnishing 
approximately 60 per cent of the energy used by electrified i 
dustries. We have built up power stations, transmission lines 
and distribution systems which represent a considerable inves'- 
ment. If Jarge customers are taken away by competition !! 
means that these large investments will be idle. Natural) 
therefore we are carefully watching all types of competition fer 
this business in order that we may ethically protect these inves 
ments on a sound, economical basis. 

It is true that the information disseminated to the elect! 
light and power companies had been gathered by our pow" 
salesmen, but I want to point out the fact that these data 4” 
obtained from engineers. We have recently made arrangeme!™ 
so that one member of our power committee will attend all mee” 
ings of the oil and gas power sub-committee of the prime move® 


* Erie Lighting Company, Erie, Pa. 
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committee and thus have available for our own records the data 
gathered by the engineers of our industry. If we can obtain 
from the Diesel-engine manufacturers accurate cost records on 
existing plants over a sufficiently long period of time, I assure you 
that we are going to publish that information if permission is 
obtained to do so. 

| believe that there will always be competition between us. 
We shall never reach the time when members of both indus- 
tries will sit back and curtail selling activities. Your industry 
and mine will probably always be in competition for additional 
power business. If we can compete on a strictly ethical basis 
and eliminate some of the undesirable characteristics of past 
experiences, | think that we shall have accomplished all that we 
may reasonably expect. 

By cooperating we should be able to gather a great deal of 
statistical information on operating and investment costs which 
should be extremely valuable to both of us. This information 
will be of interest to both industries from the standpoint of 
competition and also from the standpoint of installing Diesel- 
engine units In our own generating stations. 

Finally, | believe that this will be accomplished only by adopt- 
ing a reasonable attitude toward each other. If we can have 
that reasonable attitude existing between the Diesel-engine in- 
dustry and the electric industry, many of these problems will 
automatically solve themselves. 


HerManNn Lemp.* In my early days with the General Electric 
Company at Erie, Pa., | was very enthusiastic about the Diesel- 
engine. In connection with Mr. Henri Chatain, we completed 
what we considered a satisfactory 250-hp. high-speed Diesel 
engine, and after our work was finished we were disappointed to 
learn that the central stations had mentioned to headquarters 
that if we were to build these engines our business for central 
stations would cease. It occurred to me later that perhaps our 
sales department was at fault, and instead of advertising the 
fact that the small Diesel engine would be the most satisfactory 
unit for a small plant, it should have gone to the central station 
interests and told them how they might serve a much greater 
territory than they were serving at that time, explaining how they 
might establish portable Diesel-engine plants here and _ there, 
where the outlook of business would not warrant the extending 
of lines, substations, ete. By so doing they would create a new 
demand for electric service, and once this service established, 
feeders could then be run to take the place of the Diesel unit, 
which might then be moved to another unserviced territory. 

I am thoroughly believing in the value of stress, and therefore 
think there will always be a certain amount ot honest competition 
between the electrical-power interests and the Diesel-engine 
interests. When business is operated on that basis, then the 
best results are to be obtained, and I believe it will be beneficial 
to all concerned. 


Hersert W. Dow.' The Nordberg Manufacturing Company 
has many data available concerning the performance of Diesel 
engines in the large stations of this country. There is a plant 
at Moctezuma Copper Company, Nacozari, Sonora, Mexico, 
9400-b.hp , which is the largest Diesel station in North America. 
“ince this plant was put in operation seven years ago every item 
of cost has been recorded, and the records and the manner in 
which they are kept are the most complete that it has ever been 
my privilege to inspect. 

Two 1500-kw. Nordberg Diesel generating units have been 
operated for the past two years by one of the largest public- 
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service corporations in the United States. This plant has been 
operated on base-load service. We know what the costs of 
operating this station have been, and as subdivided into various 
items both as to prime cost and repairs. We have on various 
occasions asked for permission to publish this information con- 
cerning the actual costs of operating these stations, but permission 
has not been granted. 

I personally have a feeling that the Diesel-engine builders 
have no right to publish such costs, for they represent vital 
statistics in relation to the carrying on of another industry. | 
am quite sure that none of us would look with favor upon having 
our detail operating costs in relation to the building of Diesel 
engines published broadcast. I believe that such data should 
come from users of Diesel engines, and then it would be much more 
authentic. We are waiting with great interest for the day when 
the owners of large power plants, who do know the operating costs, 
will either publish this information or pass it on for the benefit 
of the others engaged in public-service work. 


Epwin H. Krieg.’ It would appear from some of the pre- 
ceding statements that there is a prevailing impression that pub- 
lic-utility engineers do not consider the Diesel engine. When a 
plant is built, it is not with the purpose of using a particular kind 
of prime prover, but to attain maximum financial economy. | 
have known of cases where steam plants were replaced by Diesels, 
and likewise where Diesels were replaced by steam turbines. 
Well-informed public-utility engineers would consider it folly to 
select a steam turbine where a Diesel engine would do the work 
better and more economically. 

Statements of $135 per kw. of installed capacity and 9000 
B.t.u. per kw-hr. are felt to be contradictory to values of $150 to 
$300 per kw. and 13,000 to 19,000 B.t.u. per kw-hr. as given 
in former N.E.L.A. reports. All of these glittering generalities 
about Diesel engines as always being the most economical Jead 
to great misunderstanding. Greater progress would be made if 
the Diesel people would call to the attention of public-utility 
engineers the proper methods of evaluating the advantages of 
the Diesel in terms of dollars and cents, as there is a paucity of 
information and methods for such analysis. 

Several speakers have referred to the data in the N.E.L.A. 
reports as perhaps being inaccurate. I know personally of 
some of the plants reported upon and am sure that the data are 
quite accurate. 

May I again plead that the stating of generalities regarding 
Diesels be supplanted by an evaluation of those advantages by 
as accurate data as are available. 


O. F. Atuten.6 When I was in Hamburg, in discussing the 
matter with the manager there I asked him what his comparative 
costs were for current from the new 130,000-kw. highly efficient 
plant in relation to the 10,000-kw. Diesel unit installed there. 
I asked him if he expected the Diesel engine to save anything 
over steam operation, and he said, “No.” Up to that time they 
had no data that indicated there would be a great deal of differ- 
ence in the cost, but they expected the overall cost of current 
produced would be a little less from the steam units. 

A point that I want to bring out is with reference to capital 
investment and the use of capital by industrial plants. Much has 
been said about the industrial plant having its own installation, 
making its own power as compared with buying central-station 
power. 

In the first place, the user of power wants the capital for his 


* Assistant Engineer, Electric Bond & Share Co., New York, N. Y. 
Jun. A.S.M.E. 

6 Manager, Automotive Sales, International General Electric Co., 
Schenectady, N. Y. Mem. A.S.M.E. 
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own business. If you study the great railroad systems that have 
electrified their lines during the Jast few years, not only in Europe, 
but in this country, where they had every inducement based on 
previous history to put in their own plants, you will note that 
they have not done it; they purchase their power. In other 
words, the generation of power is now a business in itself. 

There are many cases where industrial concerns today have 
a certain amount of capital, which they might use in building 
their own isolated plants and thereby reduce their operating costs 
compared with using central-station power. But they do not 
put in their own plant, because they can earn a larger return by 
putting that capital into their normal business. They figure 
that the furnishing of power is the other man’s business and not 
theirs. I am afraid the Diesel-engine men going out to sell the 
isolated plant proposition have not always realized the economic 
situation. 

The other point is that if that investment is made, the owners 
are making a larger investment and will tie up more of the world’s 
capital, on account of the reserve capacity, spare capacity, and 
peak-load capacity, which for their smaller plant must be relatively 
larger than the central-station system which would serve them. 


Artuur F. Macconocut.’ I should like to ask a question 
concerning the development in this country of apparatus for 
utilizing the waste heat from the Diesel. We are already very 
familiar with the application of this principle to the large number 
of industrial plants which have need of heat for process water 
and steam as well as power and which commonly employ a steam 
engine or turbine. In certain cases the heat balance would 
undoubtedly favor the more efficient Diesel, with its entire ab- 
sence of smoke. Where the plant could produce an excess of 
power economically, some arrangement might be made with 
the public utility whereby an interchange could be effected 
(as is sometimes done in the case of the steam prime mover) 
to the advantage of both parties. 


R. W. Wapman.® The question of waste heat is a very im- 
portant one as it applies to Diesel engines, and it has received a 
good deal of attention. There are two companies in this country 
that are producing an ordinary water-tube type of boiler with 
shut-off valves and which are connected to the exhaust outlets 
of the Diesel engine. I know of instances where textile plants 
are securing all of their process water and process heat and still 
turning some of the exhaust up the line. 

Nordberg has a plant at Rensselaer, Ind., a big building which 
is heated entirely from the exhaust of a Nordberg Diesel engine. 
It is a very simple piece of mechanism, but it has not been very 
well merchandized by the manufacturers of the waste-heat 
generators. It can be obtained, and the application of Diesel 
engines to industry will grow extensively as the manufacturers 
of Diesel engines will learn to use waste heat and apply it to the 
problems of their customers. 


Cuarues E. Beck.’ You have heard a great deal thus far 
about the Diesel-engine salesman, and as I am one I believe that 
I can speak for him. I travel constantly over a territory com- 
prising all of the Middle Western States and have done so since 
the year 1911. I am satisfied that all that has been said by Mr. 
Thuerk of the Erie Lighting Company and by the gentleman 
representing the Electric Bond and Share Company is substan- 
tially correct. 


7 Associate Professor of Mechanical Engineering, University of 
Virginia. Mem. A.S.M.E. 

8 General Manager, Oil Engine Power, New York. 

* Sales Engineer, Busch-Sulzer Bros.-Diesel Engine Co., Kansas 
City, Mo. Assoc-Mem. A.S.M.E. 
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Diesel-engine builders are criticized for not having operating 
records of their engines, but we are refused these records by pub- 
lic utilities using our engines. We have some good records of 
municipal Diesel-engine plants, but the utilities are not inclined 
to give them much recognition. Some of the builders have no 
records of any consequence at all, and despite the fact that they 
have many good installations. Some of the published records are 
incomplete and inaccurate, and again they do not always cover 
a long enough period. 

It certainly is not the intention of the better builders of Diese! 
engines to antagonize the public utilities. My company, through 
its representatives and officials, has endeavored to work with and 
to assist the utilities, lend them cooperation, and in no way to in- 
terfere with their activities. They have trained engineers in their 
employ who are fully capable of solving their power-generation 
problems. It would not be far amiss to say that so far in 1928 
more Diesel-engine horsepower has been purchased throughout 
the West by public utilities than by industries and muinici- 
palities. 

The utilities have been aggravated in the West by certain 
engine builders and specially organized companies that go into 
a community being served by a public utility and offer lower 
rates as well as a local Diesel-engine generating plant. A com- 
munity that has suffered from interruptions in the service and 
possibly from abnormally high rates becomes a good prospect 
No obligation attaches to the city or town, and when the net 
earnings of the Diesel plant have wiped out the purchase price 
the plant becomes the property of the city or town. A situation 
of this nature does not improve the feeling of the public utilities 
toward the Diesel engine. 

One of the largest builders of Diesel engines in the [United 
States is back of a scheme of this kind. The contention is 
that the greatest volume of business comes from municipalities, 
and it is necessary to pursue a policy of this kind because of the 
rate at which towns and cities have sold out to public-utility 
companies. The Diesel-engine salesman receives his worst 
criticism for the work he does in connection with this sort of 
scheme. 

Most builders believe in selling or attempting to sell Diese! en- 
gines where they are well fitted for the conditions involved. 
Usually the cost of power generation is the outstanding point of 
consideration, and where it is, the usual practice is to abandon 
the prospect if a substantial saving is not possible. In towns and 
cities the Diesel-engine salesman finds a lucrative field where 
non-condensing steam plants are still in use, where old-t ype sur- 
face-ignition engines have become obsolete, and of course, as was 
previously stated, some of them start a campaign for a munici- 
pal plant where a town served by a public utility has poor ser- 
vice and high rates or both. 


AvTHor’s CLOSURE 


As Mr. Allen so ably puts it, power production is a business 1 
itself, but it cannot expect to fulfil its highest obligation as 4 
business until it supplies electrical energy to industrial and 
residence users at a rate which does not allow for tremendously 
expanded capital charges and an unreasonable margin of profit. 

Mr. Thuerk is quite right in pointing out that there wil! always 
be competition between the two industries, especially 80 far 
as the smaller industrial and municipal plants are concerned. 

Mr. Beck has pointed out a situation which has very largely 
been forced on the builders of medium-sized engines by the ul 
comprising attitude of the utility companies; although ther 
is considerable to be said on both sides of this story, and obvious!) 
it is preferable if both industries can confine their activities 
their respective fields. 

Mr. Dow’s remarks allude to a withholding of statistical da‘ 
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“public service’’ tended over a period of about two years, during which the 
views of most of the important Diesel and public-utility execu- 


A survey of technical schools has also 


which will be eliminated when the utilities make 
a real expression instead of a catch phrase. If the utility com- 
pany has a sound and reasonable rate structure, there can be 
no valid reason for withholding data on power costs. 


However, there are conditions of technical ignorance, biased — ing of American engineers. 
The entire move for cooperation so far as is possible at this 


tives have been obtained. 
been made in order to get at the facts regarding the Diesel train- 


sales policies, and misrepresentation of various types of power 
time is not based on any desire to gloss over the situation, 


costs which ean be constructively eliminated. 
[In closing, it is probably well to recall that the author's paper 
is based on an inquiry into the problem discussed which has ex- and all that it implies 


but is primarily an attempt to infuse a spirit of “good business” 
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One Example of Centrifugal Pumps for 
Petroleum Transportation 


By 


This paper deals with the problems involved in one specific in- 
stallation of motor-driven centrifugal pumps for pipe-line work. 
The author describes conditions prior to the installation, and gives 
the reasons for the selection of centrifugal pumping units, as well as 
actual construction and operating costs so far as possible. He also 
discusses the effect that the experience gained from the installation 
described may have on the future use of centrifugal pumps in pe- 
troleum transportation. 


ECENTLY there has been much agitation as to the rela- 
tive merits of pumping equipment. A great many com- 
' parisons have been made upon purely assumed conditions. 
lt is unfortunate that there are so few actual data available, 
upon which to base a direct comparison between different classes 
of equipment, or between different equipments of the same class. 
The elements entering into pipe-line “cost analysis” are, for the 
most part, hard to determine; and when once determined, hard 
to evaluate correctly. Because of this difficulty, some one or 
more of the component parts are only roughly approximated or 
else omitted entirely. Every pipe line or station presents its 
own particular set of problems, and it is wholly unfair to assume 
that whatever may serve in one case would work equally well in 
any other. Before a true comparison can be made between any 
two stations, the whole story should be told, and the existing 
conditions in each made absolutely plain. 

In view of the foregoing statements, this paper will confine 
itself largely to the problems involved in one specific installa- 
tion of motor-driven centrifugal pumps for pipe-line work. It 
has for its purpose, first, the presenting of the conditions prior to 
the installation; the reasons for the selection of the centrifugal 
units; and so far as possible, actual construction and operating 
costs; and second, the effect that the experience gained from 
this one installation may have upon the future use of centrifu- 
gal pumps in petroleum transportation. 

The data and information have been furnished through the 
courtesy of the Oklahoma Pipe Line Company, and the installa- 
tion referred to is the one known as their Henryetta Station 
(Fig. 1). 

Initially, a 10-in. line had been built between their Crom- 
well and Council Hill Stations, to provide an outlet for a portion 
of the oil produced in the Seminole Area. The line was designed 
to handle 32,000 bbl. of oil per day at 480 Ib. pressure. The 
gravity varied from 35 to 40 deg. A.P.I. and had an average 
viscosity of about 48 sec. Saybolt Universal at 60 deg. fahr. 
Some concern was felt as to whether there would ever be sufficient 
production for the line to operate at its maximum capacity. But, 
as frequently happens in pipe-line work, the line was hardly com- 
pleted before it was found necessary to effect an immediate in- 
¢rease in the delivery to Council Hill. 

The guide chart shown in Fig. 2 is introduced for the purpose 
of showing one method that may be employed for the rational 
selection of pumping equipment but will be discussed only so 
far as it applies to the equipment selected at Henryetta Station. 

Production from a new field is almost invariably well in ad- 
vance of all storage and pipe-line facilities. Seminole was cer- 


' Oklahoma Pipe Line Company. 
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tainly no exception. As is always the case in caring for a sudden 
increase in output, the element of time becomes the one item 
of paramount importance. 

To attempt to determine, even approximately, the maximum 
production of a field, the time required for it to reach a settled 
figure, or even what this amount would be, is most certainly 
a hazardous undertaking for any one. However, it was generally 
believed that the added capacity, so far as this case was con- 
cerned, represented a peak load that would only be handled 
for a maximum of six months. At the end of this time the load 
would have fallen to the original value of from 30,000 to 32,000 
bbl. a day. 

It is customary to compare equipment, and in some instances 
(where ample time will permit) to select it on the basis of the 
“unit cost per barrel of oil pumped.’’ Even under ordinary 
conditions “time of operation”’ is hard to determine. *‘‘Time 
of operation” refers to the length of time the equipment shall 
operate, and is a very important item in the unit cost figure. 
Under the stress of “do it now” 
consideration that it should. 
parative analyses, and more especially where the time for the 


it seldom, if ever, receives the 
It is generally the case that com- 


increase is short, are foreed to neglect “fixed charges’’ and the 
equipment is selected on the basis of the “time required for de- 
livery."’ Unit-cost comparisons are investigated at some future 
date. 

There was adequate pump capacity at Cromwell Station for 
the proposed increase and the problem was to find the quickest 
way in which the delivery could be made to Council Hill. It 
was a case of either looping the line or constructing an inter- 
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mediate booster station. No line pipe was available, and even 
if there had been, with an adequate amount of time in which 
to lay it, the expenditure of $528,000 would not have been justi- 
fied, for the short time it would be used. In order to effect the 
ultimate increase that has been realized, approximately 37.6 
miles of 10-in. pipe, laid from Council Hill and parallel to the 
old line, would have been required. Computations for a booster 
station placed it at a point quite close to an existing high line, 
and electric power could be obtained quickly and easily. 
Immediate delivery could be made on motor-driven centrifu- 
gal units, and as a whole conditions seemed to be ideal for their 
use. It was realized that the operating cost would be high, 
but with due consideration for the time saved and the low fixed 
charges, it was thought that the high rate could be profitably 
paid for the short time the units would be in service. 
Accordingly there were installed two automatic compensator- 
controlled 300-hp. 440-volt General Electric induction motors, 
driving two Byron-Jackson 6 X 17!/, four-stage centrifugal 
pumps arranged in series and running at a full-load speed of 1750 
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Following is a summary of the installed cost of the present 
completed station. As will be explained later, certain changes 
were made in the motors. The cost given does not include the 
expense of making these changes but is given as though the 
present equipment had been initially installed. 


r.p.m. 


1 Pump-house building and incidental construction, ie., 
small storehouse, roads, walks, grading, fencing, etc.. . 
2 Pumping equipment to include pumps, motors, switch- 


> 3,500 


boards, foundations, wire, and miscellaneous......... 16,000 
3 Other station equipment, to include 5000-bbl. surge tank, 

gages, pipe, gates, and miscellaneous fitting and connec- 

tion work. 9,000 


| Limited time to provide for increase | 


| 


| Peak Load | | Uniform Load 
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Guiot CHART FOR THE SELECTION OF EQUIPMENT FOR AN INCREASE IN CAPACITY 


and keeping the station in an operating condition. When it 
was found that the pumps would deliver this quantity of oil, 
and that the line capacity was adequate, it was thought advisable 
to correct for the overload on the 600 hp. of motors by installing 
two of 400 hp. each and operating at 2300 volts. 

The increased delivery is explained by the fact that the weather 
was warm and the oil run fresh from the field at a temperature 
of 75 deg. fahr. On test the oil showed an average gravity of 
38 deg. and a 8.U. time of 46 sec. In addition there was actually 
155 ft. of fall between Henryetta and Cromwell that was only 
approximated in the original calculations. In order to protect 
the motors as much as possible the station was run with a wide- 
open header gate during the cooler hours of the day, and under 


| Ampie time to provide for increase | 


Uniform Load 
L 


| 


| | intermediate timeoperation | 
| } (Not to exceed Syears) | 


Short time operation 
(Not to exceed 2 years) 


Long time operation 


| (Above 5 years) 


|Power Available [No Power Available | | No Power Av ailable | | | Power Available | 
7 T | 
L 
Motor Driven Pumping | Motor Driven Diesel Eng 
Centrifugal! Equipment | Plunger Pump Plunger Pump 
Pump Units Looped Lines on hand | Looped Lines Units | Looped Lines _] muta = 


| | 


INo pipe on hand | [Pipe on hand | 


| Pipe on hand] |No pipe on hond | 


| Pipe on hand | No pipe on hand 


required for delivery | Time reguired for delivery | | [Time required for deli ery 
| | 
| Unit cost per Barrel of O1l Pumped _ | 
Fixed Charges | [ Operating Charges | | Salvage Value | 


| | | | 
[First Cost | [Depreciation | [Maintenance | | Taxes) | Labor [Power or Fuel | Miscel. | | Depreciated Valve~ Salvage | 


lin terest on Investment | 


Note :- Peak Load, regarded as a sudden increase from 


Fig. 2 


Local construction conditions for this station were far above 
the average. If an estimate should be required for a similar 
installation remotely located and built under adverse conditions 
a figure of $30,000 would be approximately correct. 

The installation was designed for the adverse operation usually 
experienced in winter pumping and was to deliver 44,000 bbl. 
of 38-deg. A.P.I., 75 sec. Saybolt Universal oil, at a pressure of 
580 Ib. Much satisfaction was experienced when the station 
was started the latter part of April, and it was found that the 
capacity exceeded that calculated for the assumed conditions. 
The increased delivery was very much needed, yet it could only 
be realized at the expense of a very severe overload on the mo- 
tors. This caused no small amount of trouble in maintaining 


Uniform Load, regarded as a fixed increase per day from settled field or other carrier 
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an unsettled field or surpius 


this condition delivered around 50,000 bbl. per day at a line pret 
sure of 535 Ib. For the remainder of the time the gate w# 
pinched down in order to raise the head and decrease thie !oa 
on the motors, with a consequent reduction in deliver) 

At the present time the oil has a line temperature of «bout © 
deg. fahr., with a S.U. viscosity of 52 see. When the heade 
gate is wide open, the delivery is around 51,500 bbl. per day ® 
580 Ib., and no troublesome temperature overloads have develop® 
such as were experienced with the 300-hp. motors. 

The following is the result of a brief test made by represen!* 
tives of the Oklahoma Pipe Line Company and the Oklahom 
Gas and Electric Company to determine the approximate ™ 
chanical efficiency of the pumps: 
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OIL AND GAS POWEK 


OKLAHOMA LINE COMPANY'S HENRYETTA 
STATION, MAY 31, 1927 


TEST OF 


Equipment 
Two 300-hp. motors, 1750 r.p.m., 3-phase, 6-cycle, 440-volt 
Two 6 X 17!/2 4-stage Byron-Jackson pumps arranged in series 


Electrical Data 


2300-VoLT oF Turee 2300/440, 200-Kva. 
TRANSFORMERS 

Kw. R a/e Kva. Kva. 

592 296 662 


SuBsTATION TEsTs, 


Power factor Transformer losses 
89.5 22 


Avg. Avg. 
amp. volts 
per per Power Kw. Hp. effy., 
phase phase factor input input b.hp. 
448 89.5 290 388 357 
448 89.5 280 375 345 


702 


92 per cent 
motor 


High-duty pump.... 420 
Low-duty pump... . 405 


Oil-Pipe-Line Data 


Line pressure Bbl. per hr. Viscosity Temp. oil, Hydraulic 
suction Discharge 12m.tolp.m 8S. U.deg. deg. fahr. hp. 
12 555 2057 46 75 466 
466 


xX 100 = 66.2 per cent 


Efficiency of pump 


Nore: A 5000-lb. working tank was installed and the suction 
pressure of 12 lb. was due to the height of the oil above the level of 
the pumps at this period. The header gate was pinched down and 
the pressure given is between the discharge of the high-duty pump 
and the header gate. 


The actual money expended for operation during the months 
of May, June, July, and August is as follows: 


1 Maintenance: 
Material for repairs 
Labor for repairs 


Transportation Operation : 
Station, labor, regular. 
Casual labor and misc. (i.e. waste, 
lamps, brooms, ete.).... 
Lubricating oil...... 
d Power (1.03 cent per kw-hr. .. 15,812.51 


. 0,464,002 . 2 
1,454, SOO 


lotal barrels of oil pumped during period 
Total energy used, kw-hr 

imber of barrels pumped per . kilowatt- hour. . 
and maintenance cost alone, per bbl., cents 


(verage 1 
Operation 


With the foregoing figures as a basis, maintenance is 3.65 per 
vent of the total transportation cost and is at the rate of 7.8 per 
cent per year on the present investment of $27,500. This rate 
of 7.8 per cent is not a true figure; it should be slightly higher 
due to the facet that the present investment is greater than it 
was at tle time the maintenance figures were taken. It must 
be remembered that the maintenance cost of $712.83 applies 
‘oa time when the station was being placed in operation and that 
any things were done that would be avoided in the future. 
Considering the heavy overload that was placed on the motors, 
it i8 not unreasonable to assume that the operation was abnormal 
inevery particular, The present 400-hp. motors have not been 
in operation long enough for a true figure to be determined, but 
indications are that it will not exceed 3 per cent of the total 
“ost as a yearly maintenance cost. 

In order to arrive at an exact cost per barrel of oil pumped 
‘IS hecessary to take into account the item of fixed charges. 
for this purpose, the useful life of the station is assumed to be 
“) years aud the functional depreciation to be taken care of by 
selling up a 4 per cent sinking fund to provide for replacement. 
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Interest on the total investment is at the rate of 6 per cent, and 
taxes 3 per cent. 
PUMPING COST 
(Four months operation) 

Fixed Charges 

Interest on investment.................. $550 

Depreciation : 307. 

Maintenance. . 712.8: 


3 1,845.63 
Operating Charges 


Labor, power, and miscellaneous....... . $15,812.51 


Total $20,658 . 14 
Unit cost per barrel of oil pumped, Cs dienes cncnakwen 0.3780 


A comparison between the actual cost at Henryetta and an 
estimated cost for a motor-driven plunger-pump station of about 
the same capacity may not be entirely correct, but if all the items 
are considered some idea of the respective operating costs can 
be obtained. 


50,000-BBL. TWO-UNIT BOOSTER STATION WITH MOTOR- 
DRIVEN PLUNGER-PUMP UNITS 


1 Pump-house building and incidental construction. . 

2 Pumping equipment, to include two 300-hp. motors di- 
rect connected to two 25,000-bbl. triplex plunger 
pumps, and miscellaneous. . 

3 Other station equipment, to include working tank and all 
incidentals 


$12,000 


50,000 
13,000 
$75,000 


The station is assumed to deliver an average hourly amount 
of 2085 bbl. of 37-deg. A.P.I., 52 sec. S.U. oil through 25 miles 
of single 10-in. line at a pressure of 580 lb. Efficiency of the 
pumps, 85 per cent, and of the motors, 93 per cent. The useful 
life is assumed to be 20 years, with depreciation taken care of 
by a 4 per cent sinking fund to provide for replacement; main- 
tenance and taxes taken at 3 per cent and interest on the total 
investment at 6 per cent. Computations based on 730 hours’ 
operation at a flat rate for power of 1.03 cent per kw-hr. 


Fixed Charges 
Interest on investment... 
Depreciation.......... 
Maintenance. . 


375.00 
209 . 87 
187.50 
187.50 


$ 959.87 
Operating Charges 
Regular station labor 
Incidental labor, lubricating oil and mis- 
cellaneous material for operation 
Power 


525.00 


300.00 
3,500.09 


34,325.09 


$1,522,050 
0.3471 


Total barrels of oil pumped in 730 hours 
Unit cost per barrel of oil pumped, cents... . 


This would indicate that the plunger-pump station would 
operate 0.0309 cent, or 8 per cent per barrel cheaper than the 
centrifugal units. However, for short-time operation, if the 
centrifugal units could be delivered and installed quicker, this 
difference can be disregarded. 

That a working tank is unnecessary is a point frequently ad- 
vanced in favor of the centrifugal pump. There are instances 
wherein this is true, but the unqualified statement will not hold 
for all cases. For example, the pumps at Cromwell Station were 
all of the plunger type, and in case of an enforced and unfore- 
seen shutdown at Henryetta, immediate and very destructive 
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pressures would be built along the line. To safeguard against 
this emergency, relief valves had to be placed on the discharge 
lines from the pumps at Cromwell. There is no question that 
relief valves do afford some measure of protection, but by 
no means should they be regarded as positive insurance against 
accident. Further difficulty was experienced at Henryetta due 
to the low-duty pump pulling a vacuum and hence working at 
a decided disadvantage. A surge tank was the only logical so- 
lution to the troubles, and in addition to providing adequate 
safety, insured a well-filled pump. Positive local control has 
everything in its favor, and present experience indicates that 
a working tank will merit the added expense and should most 
certainly be installed. 

If conditions in the future should be similar to those described 
for Henryetta Station, there is no doubt that a centrifugal 
installation would be made. In addition to some of its other 
advantages, the series arrangement of pumps is very desirable. 
When their main-line service is terminated they may be used 
as individual units on local-station work where only a temporary 
installation is required. Not only are the units compact and 
comparatively light, and hence can be transported easily, but 
they require a minimum foundation and housing space and can 
be installed more quickly than any other unit of even greater 
capacity. 

A serious drawback to the centrifugal pump, and especially 
with small quantities at high heads, is its low mechanical effi- 
ciency. When coupled with an electric motor as a prime mover, 
the rate that can be paid for power must necessarily be as low 
as possible. Because of this low efficiency, the power companies 
should not be expected to compensate for it by furnishing power 
ataloss. Neither should the power companies penalize the pipe 
lines because they use the electric motor—in itself a remarkably 


efficient. piece of equipment. It is almost time for the rate 
makers to adjust their demand and standby charges to fit true 
conditions. Apparently sufficient consideration has not been 
given to the fact that pipe-line work is the exact opposite of an 
industry. The pipe line in general begins with a peak and graces 
downward; the industry usually starts with a minimum and 
works toward the peak. It is doubtful if one rate can ever be 
conceived that can apply equally to both classes of loading 
Centrifugal- as well as plunger-pump manufacturers naturally 
desire the best possible efficiencies for their products, and com- 
petition will keep them striving for improvement. Whether 
they succeed or fail, before the electric motor can retain its 
rightful place in oil-field work some change must be made in 
power rates. It is realized that the whole method is relatively 
new and that present rates may be the nature of an experiment: 
yet unless there is some revision, power companies are in danger 
of finding themselves with ample equipment on their hands for 
service—and no customers. 

Pipe lines have been constructed wherein all stations used 
motor-driven centrifugal pumps entirely, but it is unlikely that 
this practice will meet with much favor in the Mid-Continent 
Field when the rates that must be paid for power are seriously 
considered. 

The data that have been presented for this one installation 
should not be used as a criterion for the acceptance or rejection 
of the centrifugal unit. Although not entirely defined, the cen- 
trifugal pump does have a real place in petroleum transporta- 
tion, and its use under certain conditions will not only be con- 
tinued but increased. However, it must be remembered that 
each installation is to stand on its own feet, and that the selee- 
tion of any pumping equipment must be made on the basis o! 
existing circumstances. 
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Progress in the Petroleum Industry 


Contributed by the Petroleum Division 


Executive Committee: H. R. Pierce, Chairman, W. G. Heltzel, Vice-Chairman, P. L. Guarin, 
Secretary, Walter Samans, T. H. Kerr, and C. F. Braun 


ROGRESS in the petroleum industry has its many rami- 

fications, and the Petroleum Division in planning its review 
of this year’s progress decided to subdivide its field and to request 
from a few prominent engineers a report on progress in their 
respective fields. The reports on these subdivisions contain 
valuable material that deserves the adequate treatment given by 
the authors, particularly because of the novelty of the matter 
treated and its paramount importance to several great branches 
of mechanical engineering. In view of this the Petroleum Divi- 
sion presents its Progress Report for 1927 as a symposium of 
reports of these subdivisions. 


W. G. HELTzeEL, Vice-Chairman. 


Progress in the Production of Oil 
By HOMER R. PIERCE 


HE producing formations have been getting deeper and as a 

consequence drilling and development methods have had 
to change very rapidly during the past year. The deeper sands, 
having a higher gas and hydrostatic pressure, deliver their oil to 
the drill hole at a much higher rate than shallower sands, and 
due to the greater quantity of energy per barrel of sand-stored 
oil, there is a greater percentage of the stored oil recovered and 
at a much more rapid rate of production. 

Due to the nature of this stored energy, the drainage area of a 
well is enlarged so that the number of wells per unit area can 
be cut down, thereby reducing expense in drilling; but due to the 
same condition the drainage to offset production is greater, and 
lack of adequate line protection results in loss of one’s potential 
production to a neighbor. 

Due to the greater stored energy even with the wider spacing 
of wells, the oil enters the drill hole at a rapid rate, and its removal 
from the well at a higher rate becomes more and more of a 
problem. The old equipment used to remove oil entering from 
shallower sands fails to keep the column of oil down, and con- 
sequently the back pressure on the sand low, so that one’s 
oil seeks his neighbor's outlet when and if the latter is holding 
a lower producing pressure on his sand. 

‘To meet this condition there have been numerous long-stroke 
high-speed pumps developed and new kinds of swabs and bailing 
methods tried, but due to the extreme depth of the wells, crooked- 
hole conditions, and the large quantity of fluid to be lifted, as 
well as sanding and cup trouble caused by the high rate of flow 
through the sand, the above-mentioned methods have proved 
fairly expensive in the upkeep of physical equipment, and ab- 
solutely prohibitive in waste of time where offset production 
could be produced more rapidly, or continuously. 


Air-Lirr Mernop Best ror LarGE QUANTITIES OF OIL 


_ Consequently, the most successful and cheapest method of 
lifting large quantities of oil from great depth and under floating- 
sand conditions is by what is called the air-lift method. In some 
cases where the compressor equipment is installed and the wells 
properly tubed to give the maximum efficiency, production 
co be carried to its economic limit by this method of lifting, 
ut in other cases it is necessary after the pressure in the sand 


has been drained to revert to the pump as a means of more 
completely depleting the sand. 

These are problems which must be solved for each district, 
pool, or property, and in most cases for each well. 

Some companies have realized that these problems are worthy 
of trained mechanical engineers, and are getting results com- 
parable with their ability to pick engineers for the work and 
their ability to act on or judge the value of reports or advice of the 
engineers they employ. 


Poot PropucTION oR CONTROL NECESSARY 


The high cost of drilling wells and keeping up offset production 
under the present competitive conditions, together with the 
resultant overproduction and reduced price, have made the 
substantial thinking heads of the oil industry realize that pool 
or unit operation or some method of control is necessary. This 
will in the near future allow of pool operation, which in turn will 
demand more engineering applied to production. That is, 
the pool to be operated will be analyzed and drilled with a view 
to the conservation of its natural energy, and with a future view of 
restoring energy to the sand at such a time and in such a manner 
that the greatest ultimate production will be had at a minimum 
expense per barrel produced. 

This will mean that from the beginning the wells will be 
flowed in the most efficient manner; and, as it is necessary, the 
gas will be returned to the rock and used as an expulsion and 
lifting agent, and differentials across the sand and from the sand to 
the flow tank or gasoline plant will be regulated so that the maxi- 
mum energy in the gas will be utilized. 

Hard-headed business men in the oil business are fast becoming 
disgusted with the wholesale waste occasioned by highly com- 
petitive drilling and production methods, and once started on the 
warpath they will devise some means of improving conditions, 
because these men are today where they are, due to their ability 
to handle hopeless situations in a speedy and profitable manner. 

When this time comes, as it soon will, the engineers are going 
to have more problems put up to them than they can handle. 
Therefore it behooves them to be preparing now for their future 
task. The ability to look ahead and prepare for the future needs 
is just as much engineering as the solving of the problems coming 
up from day to day. 

The problems of producing large quantities of oil from deeper 
horizons do not confine themselves only to the designing of 
flow tubings and proper ratios of pressures, but necessitate 
working out better joints for the various ratios of tubings and 
the many strength-of-material problems entering into deep-well 


pumping. 
CorROSION 


Corrosion alone presents a wide field for investigation. Cor- 
rosion problems increase when handling deeper and more con- 
centrated waters. This is especially true if air is used as a lifting 
medium. 

Some of the deeper pools, which as explained deliver oil at a 
higher rate due to the excessive amount of energy stored in 
them, contain sulphur and other constituents which corrode 
metal very rapidly, and due to the fact that it is necessary to 
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remove this oil in order to keep pace with the production of 
neighboring wells as explained above, corrosion problems are 
in direct proportion to the rate of production. 


Development of Mechanical Equip- 
ment for Petroleum Production 
By HOLLIS P. PORTER 


HE progress of engineering in the petroleum industry 
has been very satisfactory during the past year. The 
greatest degree of improvement has been in the development of 
mechanical equipment, its application to the production of 
petroleum, and the handling and storage in field operations. 
The air-gas lift has been applied very extensively to aid in 
flowing wells. This has been the cause of several new designs 
of semi-portable compressors driven by either multi-cylinder 
engines or electric motors. There are large, slow-speed units 
direct connected, being used for more permanent service. 


PROBLEMS PRESENTED BY DEEPER DRILLING 


Deep drilling has caused many problems to be presented to 
the mechanical engineer. In the Gulf Coast region at Spindle 
Top and other fields, deeper wells are being drilled. In Cali- 
fornia, an editorial in the September number of the Oil Field 
Engineer shows that in a list of some 391 wildcat wells drilled in 
1925 and 1926 the depths ranged as follows: 98 wells between 
4000 and 5000 ft., 71 between 5000 and 6000 ft., 21 wells over 
6000 ft., and one well recorded at a depth of 7221 ft. 

In the Mid-Continent and West Texas fields there is a great 
amount of deeper drilling between 4000 and 5000 ft. 

As a result of deeper drilling, heavier machinery is being used. 
Batteries of three boilers to a drilling well, each boiler having a 
capacity of 100 hp. and a pressure of 200 Ib., is now the practice. 
This can be compared with the use of two 45-hp. boilers for 
125 lb. pressure, which was considered sufficient in most terri- 
tories a few years ago. 

The mechanical engineer is being called upon to not only design 
better and heavier machinery, but also to direct the way to better 
methods and more economic practices. The use of compound 


slush pumps which use 50 lb. of steam per hp-hr. compared to 


the present simple pump using 100 Ib. of steam per hp-hr. will 
soon be common practice, but this must be carried farther by the 
adoption of a type of simple condenser, if steam is to be used 
for drilling. Electricity will replace steam where electricity 
is available for drilling, and gas engines will be used more for 
drilling as time goes on. These improvements are now being 
adopted rapidly, and the mechanical engineer is called upon to 
apply methods of economy to the production of oil the same as he 
has in the past in other lines of industry. 

The development and operation work of the production de- 
partments have, in the past two years, added to the organization 
ten engineers and technical men where there was but one before. 


Progress in Rig and Field Equipment 
By GLENVER McCONNELL 


TT! E percentage of all wells drilled to depths of 4000 and 5000 

ft. has increased very greatly during the past year. This 
has been accomplished by the use of more powerful machinery, 
a higher quality of tubular goods, and better selection of wire 
rope and transmission equipment. Aside from this, little effort 
has been made to introduce new equipment that is not built 
according to standard designs. Very little effort has been made 
to reduce the power costs, although there is some tendency to 
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adopt high-speed bearings and to improve the lubricating 
systems. 

Much improvement has taken place in equipment designed 
for greater power and speed in rig hoisting requirements. \{an- 
ganese-steel sheaves, larger-diameter hoisting drums, stronger 
steel derricks and crown blocks, and many devices for better rope 
service have come into use. Now efforts are being extended to- 
ward improving belting conditions for heavy drilling and pump- 
ing machinery, and more attention is given to safety require- 
ments. The industry has practically adopted the use of steel] 
derricks, and it is predicted that the use of timber foundations 
will soon be a thing of the past. The influence of the A.P J. 
program for the purpose of standardizing equipment in the oil 
fields has been a great aid and is increasing in its importance. 
Pipe and tool joints are being obtained which are made according 
to A.P.I. standards. The result of this is that a more uniform 
and safe product is in general use. If the A.P.I. committees 
do not accomplish anything more than to bring to light the 
glaring defects in equipment that has hitherto been considered 
satisfactory, the good that they will accomplish will be invaluable. 
As the engineers continue to study the ways and means for stand- 
ardizing on such articles of equipment as belting, wire lines, 
manila cordage, pump specifications, and numerous other items, 
they are frequently forced to admit that heretofore too little 
was known of the mechanical requirements of drilling and pump- 
ing equipment. The choice of power-transmission equipment 
becomes more difficult when it is considered that the selection 
of electricity, steam, or internal-combustion engines is generally 
governed by the means worked out for satisfying drilling and 
pumping requirements. Two-speed-reduction machinery 
being introduced satisfactorily in some districts for pumping, 
but it cannot be said that for permanent equipment or for stand- 
ard purposes there is sufficient accomplishment for general 
adoption. 

Requirements for drilling machinery less expensive to operate 
will necessitate more consideration on the part of oil-company 
executives to appreciate complicated designs and arrangements 
that are carefully engineered. Then, too, a system of instruction 
will be needed for all field men in the proper care and use of equip 
ment. Many executives are loath to consider this, but it 8 
generally realized by engineers that a great saving in operating 
costs cannot be expected unless basic changes are made in much 
of the rig machinery now more or less standard. Haste is t 


much the governing factor. Production at any cost rules the 
instinct of a successful operator. With this condition to meet,’ | 
larger and larger number of able men confine their efforts t 
improving the drilling tools, the well-head control devices, | 
prime movers, rotarys, and a multitude of miscellaneous item 
from burners to sand pumps. In fact, it is difficult to keeps 
well-trained mechanical engineer in the field long enough for hin 
to learn what basic changes are needed and to fit himself for the 
task of developing a more efficient system of drilling and pump | 
machinery in the face of more remunerative openings in th 
specialty field. But the industry offers a promising future © | 
men who will hasten the time when it can be said that high! 
efficient means of drilling and producing oil and gas have be | 
accomplished. 

It is predicted that within the next twelve to eighteen montls 
when the overproduction now prevalent has ceased to eX® | 
a great awakening to the needs of lower operating costs wil © | 
followed by such improvements in mechanical enginee™ 
in the oil fields that the gradual progress of the past will be look 
upon as insignificant. The cry for competent engineers * 
beginning to be heard on every side. Their work in the fie 
operating division of the industry will revolutionize pre 
conditions. 
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PETROLEUM 


Progress of the Natural-Gasoline In- 
dustry for 1926-1927 
By H. B. BERNARD 


HE natural-gasoline industry during the past twelve months 

has had a tremendous impetus due to the development of new 

fields in California, in the Panhandle of Texas, and in Seminole 
and Pottawatomie Counties, Oklahoma. 

The problems presented in new construction in California did 
not entail any novel features or anything of special interest. 

In the Panhandle Field of Texas the high content of hydrogen 
sulphide in the gas processed in gasoline plants called for ex- 
perimentation with and design of equipment to withstand the 
extremely corrosive action of the gas. To date the problems have 
not been completely solved, but great progress has been made by 
engineers and chemists of the industry. The gasoline produced 
from the gas necessitated the design of special equipment and 
the introduction of new processes for its treatment. 

Under a recent arrangement between several operating com- 
panies in the Panhandle Field the natural-gasoline and the pipe- 
line departments of the industry have cooperated to develop 
more economical methods for the transportation of crude oil 
admixed with natural gasoline. At this time the experiment is 
of short standing and consequently no results are available. 


Tworo.p Use or Arr or Gas Lirtr 


In Seminole and Pottawatomie Counties, Oklahoma, wherein 
is located what is known as the greater Seminole Field consisting 
of the Searight, Seminole, Bowlegs, Little River, and Earlsboro 
pools, the principal problem presented has been the use of the air 
or gas lift used, first, as a means used solely for producing oil, 
and second as a means for producing oil and extracting gasoline 
with the same equipment. As the equipment used for flowing 
wells and producing gasoline at the same time is practically iden- 
tical with the equipment utilized for the more limited application, 
any summary may be confined to the twofold system. 

Prior to the application of the gas lift to the production of 
crude petroleum, natural-gasoline plants of the absorption type 
had practically supplanted plants of the compression type due to 
the economic conditions involved and not due to the greater 
efficiency of the former, which is the common impression. In 
1926 one of the major oil companies in the Browning Pool near 
Madison, Kan., constructed a compression gasoline plant built 
for the primary purpose of extracting gasoline but with two 
secondary objects in view, the first of which was to put gas 
pressure back on the sand, and the second to produce oil from the 
relatively shallow wells (about 2200 ft. deep) with the gas lift. 
This plant has been very successful and was the forerunner of 
the double application of compression gasoline plants. 

Early in the history of the Seminole Field the first gasoline 
plants in that area were conceived (about August-September, 
1926). These plants were universally of the absorption type, 
and made no provision for the production of high-pressure 
gas for flowing purposes. About sixty days later when several 
high-pressure compression plants using both air and gas were put 
in service, it was found that where gas was the medium com- 
pressed, gasoline was extracted, but as no final coolers were in- 
stalled on the second stage, the gasoline production was very 
small. A short time later it became a more or less general 
Practice to install an absorption-type unit on the discharge of the 
low-stage compressors to extract the gasoline, and this method 
's IN more or less universal use in those plants constructed late in 
1926 and early in 1927. 

Considering that the condensing and cooling of a given amount 


of gasoline over a definite temperature range requires a given 
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amount of condenser surface and with the view of eliminating 
absorbers, stills, and the numerous auxiliaries used in connection 
therewith, one of the major oil companies in March, 1927, 
put in operation a gasoline plant, designed not only to efficiently 
extract gasoline under compression methods but to furnish high- 
pressure gas for producing crude petroleum by the gas lift. 
Shortly thereafter this plant was put in successful operation, and it 
has set a model type of construction and operation which will 
replace the high-compression type of plant utilizing absorption 
equipment for gasoline extraction. One of the principal prob- 
lems presented in the construction of the two-purpose compres- 
sion plant was the design of a system of controls to enable the 
operation of each individual well under the most favorable 
conditions and to permit the “kicking off” of any well or wells 
without interference with other operations. This system was 
fully developed in July of 1927, and while it is undoubtedly 
capable of improvement, as the question now stands it is emi- 
nently satisfactory in operation both from the engineering and 
operating standpoints. 

To permit the operation at normal pressures (250-300 lb. 
per sq. in.) for gas lift in the Seminole Field, and to provide for the 
same units to operate at 650 Ib. per sq. in. for ‘kicking off’’ 
the wells, required the design of special cylinders, and the ini- 
tial development of this equipment was found satisfactory. As 
the machinery is designed to operate fully loaded at the lower 
pressures, throttling devices on the suction for high-pressure 
operation have been resorted to. 

The application of the principle of compression for a twofold 
purpose has resulted not only in economy of operation but has 
permitted the construction of large central plants as opposed 
to the construction of a number of smaller plants, with a cor- 
responding further increase in operating efficiency and economy. 


Use or SUPERHEATED STEAM FOR POWER AND PROCESS 
REQUIREMENTS 


During the past year superheated steam was used for the 
first time in natural-gasoline plants for power and process 
requirements. This development is too recent to permit re- 
porting on its results. The use of marine-type boilers in three 
plants of one large operating company during the past year has 
shown splendid results, in which a high steaming rate has been com- 
bined with low construction, operating, and maintenance costs. 
The high furnace temperatures developed in this type of equip- 
ment, however, required a careful selection of refractory equip- 
ment, but this feature appears to have been successfully worked 
out. 

The use of base-exchange and lime-soda_ water-treating 
systems has become more general than in previous periods, as 
has the application of automatic controls not only in the power 
plant but in the process equipment as well. 

In cases where economic conditions have permitted, the use of 
electricity for power purposes has had considerable impetus, 
but it is not promised that that medium will be general as local 
conditions must be considered. 


Gas INJECTION ON Two-CycLe ENGINES 


The gasoline industry is the first to apply the more recent 
uevelopment in internal-combustion engineering. This is the 
application of gas injection on two-cycle units, which makes 
them operate on the Diesel cycle rather than on the Otto cycle. 
Preliminary results point to economy on two-cycle units com- 
parable with that expected in four-cycle operation. 

The construction of large units has called forth great improve- 
ment in the design of cooling towers, which appear to have largely 
supplanted spray ponds. While atmospheric-type coils continue 
to be used for cooling and condensing service, the shell-and-tube- 
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type design is rapidly becoming preéminent. Certain advan- 
tages of the atmospheric coil and recent improvements in its 
design assure its continued use, and it is not expected that it will 
be entirely supplanted by shell-and-tube-type equipment when 
proper consideration is given to the local conditions surround- 
ing individual installations. 

It may be said in conclusion that the past year has been one 
of great progress in the gasoline industry, not only through the 
increased scale of its operations, but because of the greater 
attention given to detail of design and utilization of equipment. 
During the past year the three largest gasoline plants in the 
world were constructed, one in California and two in Seminole 
County, Oklahoma. The lowest natural-gasoline prices in 
history have demanded more efficient conception, design, and 
operation in all branches of the petroleum industry, and in the 
advance and application of engineering knowledge the natural- 
gasoline branch of that industry has had its due share. 


Development of Transportation of 
Crude Oil in 1927 


By B. P. SIBOLE 


N THE rails, in the water, on the highways, and through 

the air, ‘“Speed”’ has been and is the slogan. In marked 
contrast to this, ‘“Conservation” has been the k :ynote in the 
transportation of crude oil, especially by pipe line. This is 
particularly noteworthy, because an occasional suspicion of 
waste has been directed to this branch of the oil industry. 

All crude oil is gathered from the wells by pipe lines, and 
while a small portion is carried to delivery or tidewater by tank 
cars, most of it goes on to such delivery by pipe line. Over two 
million barrels (or 300,000 tons) are handled every day by pipe 
line. Much of it is transported in this way for hundreds of miles, 
and yet all of this enormous movement is carried on safely and 
with a very high degree of economy. 

Pipe lines have been extended into new fields, but the out- 
standing tendency in 1927 has been the development of still 
further economy and measures of conservation both on new 
lines and on old lines already in operation. This development has 
been marked by conservation of oil and equipment, and economy 
of movement. 


CONSERVATION OF OIL 


Long ago the pipe lines developed ways and means which 
have practically eliminated loss by leaks and breaks. In recent 
years the losses due to the fugitive vapors escaping have been 
the subject of constant attack. The floating roof continues to 
achieve excellent results in eliminating vapor loss from working 
tanks, and this year witnesses the appearance of the breather 
roof, which is an ordinary steel roof welded to the shell and so 
designed that it will rise and fall (as a diaphragm does under 
varying pressures) to take care of an ordinary change in volume 
of a tank practically full of crude oil without the safety relief 
valves being called on to operate. This type is for storage tanks. 

The expensive lessons taught when lightning ignited large 
concrete storage reservoirs in California last year have resulted 
in the development of spires and aerials for the protection of 
such storage. The splendid record of comparative immunity 
from fire held by properly vented steel-roof storage tanks has 
resulted in a continuation of the tendency to build this sort 
of tank and replace wood roofs with steel. 


CONSERVATION OF EQUIPMENT 


Py radical change or improvement in materials has been made. 
of these continue to suffer from the ravages of corrosion. 
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The enormous depreciation of pipe in the ground has continued 
to stimulate the development of protective coating for steel pipe, 
which material is still the almost universal standard for pipe 
lines. It was just two years ago that a type of pipe-cleaning 
machine was brought out which has in the last year been put 
into very wide use. By a device of this kind, old lines can, after 
they are uncovered and raised, be quite effectively cleaned, 
permitting the outside pipe surface to receive a coating of asphalt, 
tar, or other protective materials. Recently such a machine 
has been used on new pipe as received from the mills, with the 
apparent object of removing the mill scale and getting a fairly 
clean and new metallic surface to which to apply protective 
coating. 

While heretofore most of the corrosion of pipe-line equipment 
has been on surfaces not in contact with crude oil, such as the 
outside of pipe lines, the outside of tanks, and the inside of steel 
roofs on tanks, there is promise of a still more serious problem 
in the handling of oil from West Texas and the Texas Panhandle, 
as much of this oil carries with it hydrogen sulphide or its com- 
pounds. 


Economy IN MOVEMENT 


While reciprocating pumps driven by oil engines handle 
most of the oil, especially in the Mid-Continent Field, this 
year has been marked by the adoption of a number of electrically 
driven installations. Motor-driven stations have resulted in 
saving of man power and investment as compared with oil-engine- 
driven stations. For example, a small electric motor and pump 
can be operated by the field gager in a gathering system where 
an additional man might be required with an oil engine. Elec- 
trically driven pumps both for large field stations and main-line 
stations have been installed with economy in time, investment, 
and, in some cases, in man power. This electric motive power 
is especially attractive in handling flush oil from new fields where 
the quantity of oil to be handled is pretty certain to drop off 
rapidly after a few months. 

While electric drive has been put in with reciprocating pumps— 
the type heretofore used almost exclusively—the use of electric 
motors has made practicable the adoption of centrifugal pumps 
for oil-pumping service. This development is something of an 
innovation in the Mid-Continent Field where centrifugal pumps 
for pipe-line stations have not been used as they have in Cali- 
fornia. The direct-connected motor and centrifugal pump has 
found an economic use in temporarily increasing the capacity of 
an ordinary pipe line of 40 or 50 miles between the established 
main-line stations. 

Oil engines continue to replace steam equipment at some of 
the pipe-line stations where steam was originally installed. 

Venturi meters as well as liquid meters of other types are being 
tried out and considered more seriously for the measurement of 
oil. 

There is a continued tendency to replace boilers and steam 
pumps for more or less temporary field use, with oil- or gasoline- 
driven portable units. 

As in many other branches of the oil industry, welding con- 
tinues to be more widely used in transportation. Some pipe- 
line companies are almost standardizing on welded lines; others 
are using it more widely than ever for river crossings, manifolds, 
and repairs. 

While conservation has been the keynote, the industry has 
not lacked the extension of pipe lines into new fields. Three 
trunk pipe lines have been built into the Texas Panhandle and 
two into the new West Texas fields. These new extensions in 
the Mid-Continent Field cover considerable mileage of pipe and 
are built along the same general design considered as good prac- 
tice in the last few years, having steel pipe operated at about 700 
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are ever varying. 
can be adhered to for long periods of time, and what may be good 


lb. working pressure with stations comprising oil-engine-driven 
reciprocating pumps. Another line now under construction is de- 
signed with electric-motor drive. 


While part of the transportation of crude oil from isolated or 


temporarily congested districts is handled by tank cars on the 
railroad, the pipe lines continue to be the principal and most eco- 
nomical way to transport crude oil. 


The refineries located on the Eastern Seaboard will of course 


continue to receive the greater portion of their crude-oil supply 
by tanker. A number of these have been acquired during the 
past year, either as re-engined Shipping Board vessels or newly 
constructed ships. Most of these ships are provided with either 
direct Diesel-engine drives or Diesel-electric drives. 


Progress in Refining 
By WALTER SAMANS 


HE petroleum refining industry governs the progress in its 
methods from year to year by the existing conditions, which 
There is therefore no definite program which 


practice in one year may be superseded for very good reasons in 
the next year or thereafter. 
The governing factor in progress is supply and demand, the 


same as it would be for any manufactured article. The influence 


of the past year’s production of crude oils at approximately 
20 per cent above the normal, and the uncertainty as to how 
long this excess production will continue, are bound to affect 
the viewpoint of the refiner as to the process value of existing 
and new equipment and the result on sale prices. Under such 
conditions the equipment available is put to the best possible 
use, and as in the case of some cracking stills at the present time, 
it may only be used because it is available and because of the 
need for disposal of cracking stock, even though the difference 
in market value between the raw and finished product from this 
type of still be insufficient to warrant cracking. The natural 
result of an excess in crude production is lower market prices, 
as storage of raw products involves considerable expense; and 
as lower prices of finished products also result, the profits in 
the business must be the real guide to the refiner in planning 
new investments. 

In considering the progress which has been made during the 
last year or more, it might be well to divide the subject into 
five sub-headings as follows: 


1 The savings in manufacture which may be obtained 

2 The construction and engineering problems 

3 The various processes in vogue 

4 The developments in the manufacture and use of steam 
and power, and 

5 The research work being done for future development. 


SavinGs IN MANUFACTURE 


1 As the profits of a business decline, no matter for what reason, 
possible savings must be obtained in every branch of manufac- 
ture, and this is no less true of the refining industry than in the 
production of raw materials or in the marketing of the finished 
products. It is not only necessary to avoid waste wherever 
possible, but also to increase the yield of the more valuable 
products. 

The crude oil when received at a refinery is stored in tanks of 
the larger sizes. To cut down evaporation losses, tanks are 
provided with gas-tight roofs and with vents which restrict the 
escape of gas and the intake of air as the volume of the oil in 
the tank changes due to pumping in or to outage, and to tem- 
perature changes. The latter action is commonly known as 
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“breathing,’’ and takes place principally between day and night 
conditions. In addition, these breather vents are provided with 
a flame arrester, so that in case of fire nearby, or if a tank be 
struck by lightning and the steel is not ruptured, the flame wil] 
not be communicated to the contents of the tank. Sometimes 
a pressure as high as 1 lb. per sq. in. is maintained on this gas 
space by these control vents, in which case the roof is built 
in the shape of a segment of a sphere, commonly known ag 
dome roof and also termed an umbrella roof. In other cases 
breather bags, made of balloon material and housed from the 
weather, are connected with the vapor spaces in one or more 
tanks so that the breathing may take place in a closed system 
and gas cannot therefore escape to the air. A similar system, 
involving the use of a gas holder connecting to a number of tanks 
in a group, has been used, but the size of the lines required on 
account of the large volume and low pressure of the gases in- 
volved makes the initial cost very high. The principal logs 
in evaporation—and this applies to finished light material such 
as gasoline even to a greater extent than to crude—is the ab- 
sorption of gasoline vapors by the air in contact with the liquid. 
This quantity varies from 10 to 15 gal. of gasoline for 1000 cu 
ft., and as this is a high-priced product, the loss is quite impor- 
tant. Another method used for the conservation of such mate- 
rials is the installation of floating roofs, which in effect are metal 
pans properly braced and provided with flexible contact shoes 
between the shell and the tank. A second type of floating roof 
consists of a series of pontoons with flexible connections at the 
joints and also provided with flexible contact shoes against the 
tank shell. These roofs float on the liquid, the idea being to 
do away with evaporation by eliminating the air space over 
the liquid. With lighter distillates under a pan type of floating 
roof the heat of the sun tends to boil off the lighter fractions in 
contact with the under side of the roof, the gases escaping at the 
edge of the pan. To minimize this, the roof may be insulated. 
Insulation may also be applied on top of the steel roofs of ga 
tight tanks where the nature of the contents makes it desirable, 
and this will restrict the fluctuation in temperature changes, and 
therefore the breathing losses. 

One of the largest savings that has been obtained is in the fuel 
used under stills, this latter forming approximately 40 per cent 
of the manufacturing expense. The old type of still, consisting 
of a horizontal steel shell set on brick or concrete masonry, with 
more or less structural steel, had an efficiency of from 20 to # 
percent. The latest types of stills, whether the heating elements 
consist entirely of tubes or are partly shells, have an efficiency 
of 60 to 75 per cent. The gains are accomplished by the use of 


better-constructed furnaces, provided with instruments for | 


better-regulated control of fuel and air, and take advantage of 


the radiant heat and convection heat in the best possible manner, | 


which minimizes stack losses. The low rate of heat transmissio0 
from the flame to the oil inside of a still of the old type—t” 


B.t.u. per sq. ft.—has been improved by the increase in velocity | 


of the oil being heated through a pipe coil, and also by the additioe 
of extended surface on the outside of tubes to a maximum @ 


25,000 B.t.u. per sq. ft., and data are in the hands of manufse 


turers to enable them to predict fairly accurately the result 
to be obtained from any given design. 

Various types of stokers have been in use for some time @ 
stills of both the old shell type and the later continuous tyP* 


using forced circulation. Within the last year powdered © | 
has been applied to the latest type of tube stills with appar | 


success, resulting in efficiencies equivalent to good refiney | 
boiler practice. 

The efficient use of heat is naturally being supplemented by ® | 
proper use of insulating materials. This not only provides © | 
layers of insulating brick, or outside insulation of settings, ba | 
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also for the covering of all piping and apparatus where radiation 
is undesirable. 

One of the largest of fuel savings in connection with oil dis- 
tillation has been obtained by the installation of tubular heat 
exchangers. The early days of such equipment were full of 
trouble for both the manufacturer and the refiner, due to the 
inadequate knowledge of this subject compared to steam practice, 
or that in other industries in which the materials were not han- 
dled at high temperatures or did not interfere seriously with heat 
transfer, and where corrosion was not a serious problem. For the 
heavier by-products of refining the heat transfer is as low as 10 
B.t.u. per sq. ft. per degree of temperature difference, while for 
the lightest products the value may reach 70 or 80. This matter 
is further complicated by the limited pressure drops available 
as required by the process of distillation and the need for space 
between tubes for cleaning. 

The natural low efficiency of heat transfer where oil is on one 
side of the tube surface and water is used for cooling makes it 
essential that clean water be used, and some of the refineries are 
putting in auxiliary coolers in which river water, which may con- 
tain a variable percentage of mud and slime, is used to cool 
deacreated water which operates as a cooling medium for the 
oil in a closed system. This cuts down the cleaning time and 
therefore the shutdown periods on the more expensive oil-dis- 
tilling apparatus. 

Naturally the introduction of instruments, both for control 
of fuel conditions and the specifications of the products, requires 
a higher class of labor, and to keep down the expense of this part 
of process, which in total averages 20 per cent of the refinery’s 
manufacturing expense, the stills are built in batteries, and each 
unit is as large as practicable 


CONSTRUCTION AND ENGINEERING PROBLEMS 


2 From the construction and engineering standpoint, studies 
are constantly being made of the possibilities of various materials, 
of which a great number are on the market, and particularly is 
this necessary from the standpoint of corrosion. Every crude 
oil contains sulphur in some form, even though it be a very small 
percentage in some of the better crudes. Chlorides may also 
be present in some crudes, which results in the formation of 
hydrochloric acid, and this must be provided against. Any 
alkali added in some portion of the refining process may affect 
certain construction materials which would otherwise be most 
useful. The various alloys, both ferrous and non-ferrous, are 
continually studied and tested, and at the high temperatures and 
pressures prevalent, particularly in cracking, the physical prop- 
erties of the materials used must also be considered. There must 
be no uncertainty in the metallurgy of a finished metal that is 
used in any part of the apparatus, as naturally in a large, expensive 
unit an enforced shutdown is very expensive. 

High-pressure cracking processes have developed the manu- 
facture of forge-welded chambers for this work. These are made 
in various diameters and over 40 ft. long, with thicknesses vary- 
ing according to requirements up to 5'/; or 6 in. The ends are 
hecked down and provided with flanges and covers, and a finished 
chamber of 52 in. inside diameter and 42 ft. long will weigh from 
% to 70 tons, depending upon the amount of machining that is 
done, whereas the original ingot from which the forging is made 
may weigh as much as 200 to 250 tons. These single forgings 
are being made both in this country and abroad. 

Another development within the last few years on such large 
chambers is an electric-fused welding process in which the weld- 
ing material is such that air is prevented from acting upon the 
material being welded. The chambers are made up of plates 
of the thickness required for considerable length with relation to 
width, and curved in the width to suit the radius of chamber 
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desired. Chambers of this type have been in use in the Holmes- 
Manley and other processes and are giving satisfactory results. 

Present-day refinery operators must keep pace not only with 
the market demand but also provide for available space for 
incoming shipments of crude oil, and this is governed by the 
kind of equipment and the capacity of tanks available. Every 
operation is scheduled, and the complications added by the use of 
pipe or tube heating coils, heat exchangers, condensers, and 
coolers necessitate that the cleaning of this apparatus be done in 
the most efficient manner. At the same time repairs must be 
carefully watched, and this is accomplished by a regular system 
of inspection, providing not only for the safety of the operators 
but also for the replacement of worn-out equipment when neces- 
sary. All such information is carefully recorded and studies 
are made for the improvement of conditions. 

Protection of every kind must be provided, not only for the 
operators, for which no expense is spared, but also for the equip- 
ment. In consequence construction is now built for permanence 
and fire resistance, and every enclosed or semi-enclosed space 
must be properly ventilated. While the ground space occupied 
by equipment as now constructed may only be 25 per cent of that 
occupied by equipment of the same capacity some years ago, 
the structure has reared itself in the air, due to the natural 
requirements of the process; and whereas the old-type struc- 
tures, with the exception of stacks, seldom exceeded a height of 
25 ft., the apparatus may now extend upward 70 to 90 ft. 

The protection of operators and the apparatus as a whole must 
be supplemented by protection from corrosion, which may occur 
in the materials used, particularly alloys as above noted, or also 
in the special coatings provided. Surface applications of metal 
to metal, or inert compounds applied to surfaces exposed to hot 
oil and vapors, are used, and in some types of stills such surface 
protection not only provides against corrosion but also against the 
adherence of carbon deposits. This is very essential in maintain- 
ing an efficient heat transfer on heating elements, for as soon as 
this stops or is hindered seriously the heating elements will 
increase in temperature until they are no longer able to carry the 
load, and the apparatus must be shut down. 

With temperatures ranging from 800 to 1000 deg. fahr. and 
pressures varying from 0.5 in. or less of mercury to 1200 lb. 
per sq. in., it is natural to conclude that the problems of the oil 
refiner will never be entirely solved. 


Tue Various PROcEsSSES IN VOGUE 


3 The processes selected by the refiner for obtaining market- 
able products from the crude are naturally dictated by supply 
and demand, and by the economies obtainable. The quality of 
the product is of first importance, as nowadays the competition 
and the purchaser’s knowledge of his requirements make it 
impossible to maintain sales except by strict adherence to speci- 
fications. Crude oil being a mixture of a number of combinations 
of carbon and hydrogen having different boiling points, may 
naturally be separated by distillation. Every one of these com- 
pounds, however, may be broken up into other compounds by 
overheating during this process, and there is a fairly definite 
range of pressures and temperatures under which these con- 
ditions will occur. 

Before the advent of internal-combustion engines, particularly 
gasoline engines, there was no great proportional demand for 
naphthas, or what we now term motor gasoline. Cracking for 
a purpose was unknown, and all crude oil was distilled in batches 
and fractionated by gradually increasing the temperature of the 
oil and in an approximate way boiling off each product in turn. 
Impossible uniformity of heat distribution, due to the crude- 
ness of the apparatus, resulted in overlapping of the various 
fractions, and the distilled products so obtained had to be rerun, 
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that is, again passed through the evaporating and condensing 
process. Each run resulted in losses that were unavoidable. 
The application of continuous distillation, and later the use of 
fractionating columns, has resulted in the modern pipe still, which 
produces continuously various fractions from the crude oil to 
desired specifications with rerunning reduced to a minimum and 
without scarcely any further processing except treating, and 
consequently with greater percentages of recovery of various 
products. 

The heavier the products the more apt they are to crack. That 
is, the lubricating oils will be affected in this way at lower tem- 
peratures and pressures than kerosene and naphthas. This has 
resulted in the development of the vacuum distillation process, 
which lowers the boiling point of the liquids and at the same time 
gives greater yields which are claimed to be of better quality. 
With present knowledge in the foundry and machine shop, it is 
possible to produce apparatus in which a very high vacuum can be 
maintained and which will operate efficiently for long periods of 
time. The use of multi-stage thermo-compressors makes it 
possible to recover the steam and further improve the overall 
efficiency of the apparatus. 

While the fractional distillations above mentioned are carried 
on at a pressure close to atmosphere or in partial vacuum, the 
development of the gasoline engine has in past years made it 
necessary to greatly increase the yield of the lighter fractions in 
proportion to the crude oil available and to the other products 
desired. This naturally resulted in the development of cracking 
processes which require fairly definite temperatures, and the 
maintenance of high corresponding pressures, if the cracking is 
to take place in apparatus of reasonable size and without evapo- 
ration. This involves high-pressure pumps for charging those 
fractions of the crude of which a surplus existed, mainly gas oil, 
and the use of digesting or reaction chambers in which the process 
can be completed after the oil has been heated to the proper 
temperature. While very little is known of what actually takes 
place, it was indicated that the time element was of some impor- 
tance, and that the action of cracking was not instantaneous. 
Following this phase of the operation the pressure is released, and 
the mixture of gasoline obtained, together with some carbon and 
fixed gas, and the unaffected portion of the charge are expanded 
into an evaporating chamber and from there carried into a 
fractionating tower. This consists of a vertical shell equipped 
with a number of trays arranged in tiers, these trays having 
openings covered with caps. On each tray a certain amount of 
liquid collects, through which the steam and vapors have to pass, 
distribution of vapor through the liquid being accomplished by 
serrated edges on the bottom of the caps. This apparatus is 
commonly know as a bubble tower, and as the temperature drops 
from the bottom of the tower upward, the light distillates are sep- 
arated from the lower-boiling compounds, so that at the top of 
the tower steam and practically pure gasoline vapor are taken off 
and led to the condensing apparatus. In such a tower used with 
fractionating pipe stills, other products are removed at inter- 
mediate trays; and the heaviest fraction, commonly termed 
“bottoms,” is reduced to the lowest possible percentage. 
During the past few years it has been found that crude oil can be 
charged direct into cracking apparatus, and the natural naphtha 
and the cracked naphtha can thereby be removed in one operation 
with possibly less loss than by carrying out the fractionation of 
the natural naphtha separately from the cracking apparatus. 

It can readily be seen that as crudes vary in their natural 
components and the demands of the market also vary for various 
finished products, the refiner has a constantly changing problem, 
demanding the best and most economical method of refining. 
During the last year the number of fractionating stills—commonly 
known as pipe stills due to the type of heating element—and the 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


number of cracking stills have been greatly increased, although 
the excess production of crude has reduced the number of crack- 
ing stills that might have been built. 

The vapor-phase type of cracking stills and the aluminum- 
chloride process of cracking are also in successful use, but have 
not had the same growth in number as the liquid-phase type of 
cracking stills. Vapor-phase cracking may have a special use in 
producing gasoline with fewer detonating characteristics. 

All products as they are obtained from the first distillation of 
crude oil must be treated in some way. Sulphuric acid is stil] 
being used for decolorizing, but there has been considerable 
development in the application of clay filtration. The old 
method by percolating filters is being superseded on some oils 
by fine-clay contact treatment. The principle of this process 
depends upon mixing this material with the oils at proper tem- 
peratures in stirring agitators and then allowing it to settle, 
the number of stages of mixing and settling depending upon the 
refinement desired. A light acid treatment usually precedes the 
clay treatment. 

The reconditioning of spent clay from the filtration processes 
has been successively accomplished by means of rotary kilns 
and gravity-flow driers, and in the latest plants the Herreschof 
and Wedge furnaces are used, resulting in longer life for the clay. 

The Edelanea process of refining, involving the extraction with 
liquid sulphur dioxide, is gaining headway on the Pacific Coast, 
and its wider use may be expected. 

The use of the centrifugal method of dewaxing has become more 
general, and its application has been broadened. 

It has been found that gasoline vapor can be treated by passing 
it through a fullers’ earth filter, and this is superior to sulphuric- 
acid treatment of liquid gasoline, as the latter tends to destroy 
some of the anti-detonating compounds. 


DEVELOPMENTS IN MANUFACTURE AND USE OF STEAM AND 
PoweER 


4 With reference to steam and power requirements, the older 
types of refineries had use for a large quantity of process steam, 
and it was natural that their boiler plants were built mainly 
for this purpose, generating steam at pressures from 80 to 250 |b 
and obtaining electric power by means of turbines working on 
10 to 15 lb. back pressure, or using the bleeder type of turbines 
suitable for variable steam conditions. 

The process steam required for distillation in the new type of 
stills is about one-third less per barrel of oil distilled than for- 
merly, and at the same time, on account of the higher pressure 
required for charging pumps on crude stills and the extremely 
high-pressure charging pumps used on cracking stills, electric 
power applied through gear drives is coming rapidly into use, and 
more generating capacity is thereby required. 

The development of high-pressure boilers and higher pressure 
in distribution mains for steam over widely extended plants, and 
the resulting improved economy, has benefited large refinenes 
in the same way it has other industries. It has even been found 
desirable in some plants to generate power by means of ol 
engines. In the use of cracking processes the quantity of gs 
produced has increased, and naturally the installation of stripping 
plants by means of which gasoline vapors are removed from the 
still gas before it is burned, has made gas-engine drives possible 
for air and gas compressors and similar service, particularly * 
points far removed from a supply of steam or electricity. 

The modern cracking still may require a hot-oil pump with * 
forged-steel liquid end handling about 180 gal. of oil per m= 
and operating at 650 deg. fahr., and 1200 to 1600 Ib. pressure 
and such pumps may be steam driven with compound stea® 
ends, or motor driven, in which case variable-speed motors 3” 
preferable. Where steam is available in suitable pressures and 
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quantities, a steam pump is preferred, but as the power pumps 
have been found to operate very smoothly under such conditions 
and with some improvement in economy, they may in the end be 
found more suitable. 

5 Regardless of where crude oil is obtained and in what quan- 
tities it may be obtained compared to the demands for finished 
products, the necessity of making profits against severe compe- 
tition calls imperatively for continued research work toward im- 
provement. 


ResEARCH WorkK UNDER Way 


The Bergius process for obtaining products similar to those 
obtained from petroleum by distillation of coal under 200 atmos- 
pheres has found favor abroad, due to the peculiar situation there 
with reference to the crude market, and in the past year the rights 
on this process for this country have been obtained by the Stand- 
ard Oil Company of New Jersey, although it is not expected 
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that the process will become commercially feasible for some 
years to come. 

In the application of radiant heat, several stills are under 
construction in which the oil heater tubes form the inner en- 
closure of the combustion chamber. 

Research work is being done toward the recovery of a greater 
portion of the by-product gas from petroleum distillation than 
is now obtained by stripping processes, for use in motor 
fuels. 

While the number of small plants obtaining petroleum prod- 
ucts from shale oil is increasing, the proportion of these products, 
compared to the total market requirements, is very small. 

Summarizing the entire field of refining, the last few years 
have indicated remarkable strides toward improvement, and the 
application of the latest methods in process, construction mate- 
rials, and the actual use of apparatus in operation has become 
a highly technical subject. 
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General Heat-Transfer Formulas for 
Conduction and Convection 


By EDWIN R. COX,' LOS ANGELES, CALIF. 


transfer by forced convection been placed upon a fairly 

sound basis, although Osborne Reynolds? in 1874 indicated 
the way. He derived by dimensional reasoning a function 
dvG/u as an index of critical velocity, and plotted the coefficient 
of friction for pipe-line flow against this function. He also 
suggested that this function should affect heat transfer, but 
neglected to reconcile the other variables in his equation by the 
same dimensional reasoning. Hence his suggestion did not 
bear fruit for many years. 

Nusselt® was the first to derive (1909) a complete rational 
equation by dimensional reasoning. In order to compare the 
different formulas, the following symbols have been used through- 
out: 


O im within the last few years has the subject of heat 


h = transfer through one fluid film, in B.t.u. per sq. ft. per hr. 
per deg. fahr. 

d = inside diameter of tube in inches 

k = conductivity of fluid in B.t.u. per foot cube, per hour, 
per deg. fahr. 

v velocity, ft. per see. 

( = specific gravity compared with water 

= viscosity in poises 

Cy = specific heat at constant pressure 

C = coefficient, in general different for each equation, unless 
identified by a subscript. 


With this nomenclature, Nusselt’s formula becomes 


k — 1 k eevee 


He finds @ = 0.786. For simplicity he makes a = 8, thus 
eliminating «. This serves satisfactorily for gases but would 
not do for viscous liquids or even for water through a considerable 
range. 

MeAdams and Frost* note Nusselt’s formula but make 8 = 
0 for liquids. With @ = 0.796, this accords well with tests 
on water and light oils. 

Rice seems to have been the first to use the entire formula 
and finds a = 0.833 and 8 = 0.500. He plots a large number of 
tests upon air and water and they accord fairly well. No tests 
were included for viscous liquids. 8 is derived from Soenneken’s 
tests with water. Plotting A against « for equal velocities, Rice 
finds h cu°*®, other things being equal. But 0.445 repre- 
sents the net effect of viscosity, or 0.445 = a—. If a = 0.833, 
5 = 0.833 — 0.445 = 0.388. If we take 8 = '/; and a = /., 
a— = If we draw lines to this exponent through the 
points in Rice’s chart for Soenneken’s data, they seem to include 
the points well within the apparent experimental error. The 
Writer correeted Rice's results to this exponent and the results 
accorded somewhat better, though not strikingly so. With 
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8 ='/,, Rice obtains a coefficient ky of 63.5. The tabulated data, 
using Peter’s formula, shows a probable error of 2.2 per cent for 
ko or 15.2 per cent for a single observation. Correcting to 8 = 
1/;, the coefficient is 52.4 with a probable error of 1.85 per cent for 
ky or 12.8 per cent for an observation. 

Rice expresses his formula entirely in c.g.s. units, some elec- 
trical, as follows: 


Akat [oDv\* 
We=— — watts 
K 


which may be transformed to 


wD 1 (ppv\* (uc,\? 
Ko\ u K 


lor translating into our units we find that 


hd WD 12 
~\Aatk) B/D 
l pDvo 

p  77.42\ m 


MCp = 1 
k 241.9 ko 


2804 
= for8 
7000 
C’", = for 8 =! 


Ilence in our units the Rice equation becomes 


hd dvG ‘/e uCp ve 
k m k 
= 
k k 


Equation [2] would seem to be the best approximation to be 
obtained from the data of Rice. 
McAdams and Frost*® derive the formula 


hD Dup 
— = 22.6 | — 
k 


or 


where D = diameter in in. 
u = velocity in ft. per sec. and 
z = 100z. 
hD 
If we take a middle point in their chart where : 1250 and 
—— = 150 and draw a line through this point with the inclina- 


tion a = 5/,, we find that it satisfies the points substantially as 
well as the 0.796 line. This would give the equation in our units 


hd dvG\"/* 
— = 13.73 
k 
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In plotting these data upon his chart, Rice assumes a mean would give C,; = 88.5 if we used P’, instead of 59.0 if we used P. 


This seems to prove conclusively that 4a/P is nearer the trye 


value of — = 0.25 in c¢.g.s. units, which would be 60.48 in our value, although the difference between 53.1 and 59.0 is great 


units. Hence C; for the McAdams and Frost data would be 


13.73 X (60.48)'/* = 54.0. 


enough to indicate possibly some intermediate value, such as 


4a P \* 


Perhaps the most elaborate and thorough tests upon heat d, = P\p 
transfer that have been published are those made by the Babcock 


& Wilcox Company® upon flue gases. 


The author hastakenfour ‘To determine x would require more data than is available at 


points upon their chart, rather wide apart in velocity and tem- present. 
perature and converted them to our units in Table 1. 


—Uncored, d 


400 400 

1/p 4005 4005 

272 272 

804 1233 

deg/p..... 238 421.0 
dvG\* 

An 

(=) 6.48 6.48 
ulp 


Norte: In the report on these tests / is plotted against IV 


2 in.- 


0 0291 
3217 


These Another point about which there has been serious quest ion js, 


TABLE 1 


— —Cored, de = 1 in.- os (1 in. diam., core) 
2000 400 400 400 2000 2000 2000 
11800 S000 12000 16000 S000 12000 16000 
15.45 10.15 13.75 17.4 14.45 20.15 00 
0.0291 0.018 0.018 0.018 0. O291 0.0291 0291 
3217 4005 4005 1005 $217 3217 3217 
260 272 272 272 200 260 Ho 
1062 wid 764 966 496 693 SO4 
337.5 142.6 214.0 285.2 114.5 171.8 229.0 
128.0 62.4 87.5 111.3 2.0 73.0 2.5 
6.38 6.48 6.48 6.48 6.38 6.38 38 
52.9 5S 56.6 5601 60.9 60.5 616 
1 where 1 is cross-section of tube in square feet In the above calculations, the followm: 
CO: = 0.149, O = 0.068, N = 0.704, H2O = 0.079. The characteristics are calculated 


assumptions have been made. Composition of flue gas (by weight) 


by mol fraction. 


At 180 deg. fahr., 1/u 
At 580 deg. fahr., 


3270, k 
At 2180 deg. fahr., 1/p = 1694, 


= 4740, k = 0.0148, Cp = 
= = 0.0212, Cp = 
= 0.0434, Cp = 


0.2506, k/uCp = 
0.2620, k/uCp = 265 
0.3079, k/uCp = 239 


The temperature of the tube wall is maintained at 180 deg. fahr. 


Character of oil 

Test number 

Gravity of oil, °API........ 

W’, ib. per hr.... 
Temperature oil in, deg. fahr.... 
Temperature oil out, deg. fahr ; 
Temperature water in, deg. fahr.. 


Temperature water out, deg. fahr.... 


Temperature tube wall, deg. fahr. 
R = 1000/U 

Rw = 

Re = oil film... 

F = 1/p (mean)....... 


Character of oil 
Test number 
Gravity of oil, °API..... 
Temperature oil in, deg. fahr..... 
Temperature oil out, deg. fahr.. 
Temperature steam in, deg. fahr 


Temperature steam out, deg. fahr... 


Temperature tube wall, deg. fahr 
Rs = steam film and tube wall... 
dvG/p... 


NOTE: Ree, Ro, and h are on 
is calculated for inside of tube and C; applies to inside film. 
give values of C; = 54.4, 51.8, 53.2, and 52.8 with a mean value Where should the viscosity of the fluid be determined? Calling 
of 53.1. Comparing this with the value obtained from Rice, the mean temperature of the fluid 4, and that of the tube wall 4 
53.5, and from McAdams and Frost, 54.0, the agreement is very McAdams and Frost in some of their earlier work took the 


water film and tube wall eats 


good and indicates 53.5 as the best estimate. 


In Table 1 are also included tests for cored tubes, in endeavor- temperature and Rice also uses this value. Rice, from King* 
ing to determine the true value of the effective diameter d, to data, suggests V tite may be the true value. In dealing wit! 
be used in applying the formula to annular spaces or the space — yids whose viscosity changes rapidly with temperature, such ® 
around a nest of tubes. The author assumed at one time that heavy petroleum fractions, the writer obtained the most ol 
d, should be 4a/P where a is the area and P the total wetted — gistent results by taking » = (u; + m2)/2 where w; and su: # 
perimeter, in dvG/u; and should be 4a/P’, where P’ is the taken at ; and tr, respectively. This is hardly necessary whe: 
Although this dealing with water or light oils, but when heating crude oil “ 
gave consistent values for a nest of tubes, where P and P’ did cooling residuum, the distinction becomes quite importat! 
not differ greatly, it gave too large values for d, in double-pipe Here y, and ps vary twenty and thirtyfold, and in fact th 
exchangers. The Babcock & Wilcox data for cored tubes main problem is to determine the proper value of u to use in the 


perimeter of conducting surface only, in hd/k. 


6 Experiments on the Rate of Heat Transfer from a Hot Gas to a 


Cooler Metallic Surface, Babcock and Wilcox Co., 1916, pp. 62 and 64. Unfortunately very little has been published in regard to tH 


TABLE 2) OIL COOLING 


Rerun bottoms Residuum 
55 56 57 5S 59 60 61 62 63 
37 37 37 37 20 19 19 19 19 
182.3 745 1640 2490 351 139 706 1362 1] 
168.0 264 297 .5 327 153.7 173.2 233.8 264.4 47 
123.3 189 223 250 140.8 159.4 220.1 246.2 $3 6 
60.0 60 60 5Y 60 60.7 61.0 61.0 60 
61.0 67.9 76.8 S7 61 61.7 62.8 64.5 63.4 
69.2 112 168 224 o4 66 70 6 82.4 78.9 
29.3 8.28 4.50 3.22 55.5 530.2 43.7 22.5 23.8 
2.5 2.46 2.34 2.26 2.4 2.3 2.3 2.3 2 
26.58 5.82 2.16 0.96 53.1 17.9 41.4 20.2 l 
120 160 201 1 095 0.69 0. S82 1.41 8 
22.0 139 410 780 0.60 0.47 1.09 3.00 2.4 
48.3 55 66 o4 118 138 85 sg 95 
TABLE 3 OIL HEATING 
64 65 66 67 68 69 70 7 72 73 
40 40 40 40 40 34 25 24 23 23 
59.1 200.5 719 1852 3060 132.6 198.7 600 2000 41 
76 74 72 75 77 65 66 65 st) 8 
270 195 166 164 160 192 162 102 B85 8 
314 311 311 300 308 313 310 310 314 313 
305 209 305 304 303 305 305 305 3000 $s 
307 301 298 283 270 307 305 304 304 298 
28.2 19.65 7.8 3.23 2.094 29.8 28058 29.2 13.48 74 
0.4 0.40 0.4 0.40 0.40 0.4 0.4 0.4 0.40 0.4 
27.8 19.25 7.4 2.83 1.694 29.4 28.4 28.8 13.03 ” 
207 180 167 163 160 132 28.3 11.6 6.0 a) 
19.1 56.1 187.0 470 762 27.3 8.77 10.85 18.7 30.9 
695 38.9 41.9 43.1 48.1 42.3 69 6 43.0 48.5 as 
This is reconciled by taking outside diameter, 0.625 in., in hd/k. k istakenas 


The logarithmic mean is used for @ in calculating U. 


280 


viscosity at t. Later they adopted (¢, + t:)/2 as the determining 


formula. 
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conductance of oil films. In Tables 2 and 3 are given the results 
of some tests which are not as good as could be desired, mainly 
because the viscosity of the oils was not determined directly, 
but taken from a chart of similar oils, and the temperatures of the 
tube wall were not measured, but calculated. Moreover they 
are strictly field tests made rather hastily for a certain purpose, 
without calibrating instruments, or taking other precautions 
for accuracy a8 would be done in laboratory work, with which it 
is not comparable. The data are only included because nothing 
better is available.? 

These tests were all made with a °/s-in. outside diameter 
No. 18 B.w.g. Admiralty mixture tube, 8.81 ft. long, 1.445 
sq. ft. outside surface, enclosed in a standard 1'/,in. pipe. The 
vil was passed through the tube and steam or water through 
the annular space. Tests Nos. 59-63 are strictly stream line 
and are included to show the rise in value of C; with velocities 
less than the critical, which in these units is at approximately 
dG / 12.3. Omitting these tests the mean value of C, is 
54.7. Test No. 58 is unreliable inasmuch as the calculated value 
of Ry is over twice as great as the value of Ro, obtained by 
difference, and, henee, a small error in Ry would be magnified in 
R,. Omitting this test, the mean value of C,; would be 51.7. 
This is sufficient to indicate the general conformity of oil tests 
with those of air and water. 

Assuming then that the Nusselt-Rice equation is the best 
available expression of the film concept of heat transfer, it 
remains to adapt this to a more convenient form for the practical 
design of heat-transfer apparatus. The most important prac- 
tical considerations are cost of apparatus and cost of operation. 
Of the latter the most important item is pressure drop through 
the apparatus. As is generally known, we are able to secure 
almost any rate of conductance within reason if we are willing to 
expend sufficient power in forcing the fluids through the tubes. 
Hence pressure drop is @ prime consideration. We may further 
simplify the problem by confining it to the conventional types of 
exchangers, either the double pipe, or the multitubular, where 
one fluid is forced through the inner tube or tubes, and the 
other through the surrounding space. In both cases the larger 
pressure drop is through the tubes and we may confine our 
attention to this. In order to relate this pressure drop to the 
overall conductance we must express the latter, LU’, as a function 
of the conductance of the inner film, 


U = Crh 
or 


CL, 


Ud [uc,\8 
k 
where the characteristic terms apply only to the inside of the 
tubes. This is equivalent to assuming that if we increase the 
Velocity of the fluid inside the tubes, we also increase the outside 
Velocity at the same rate, and that the resistance of the tube wall 
is negligible. This is sufficiently approximate for most cases. 
If greater accuracy is required, C2 may be treated as a variable 
and related to v by tests for each group of cases. 
The total heat transferred in B.t.u. per hour may be expressed 
as 
[4] 
where W is pounds per hour per tube, A the temperature range 
of the fluid, C’ its specific heat, A the inside conducting surface 


Z pa Rana was prepared it has been brought to the attention 

Whitman and Morris have presented to the Ameri- 

cooling - sil Society some very valuable data on the heating and 

inghtiees + zm It is to be hoped that this will help clear up the all- 
problem of viscosity effect. 
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in square feet, and 6 the mean temperature difference between 
the two fluids. 
For pressure drop we have the Chézy formula 


P d 


where f, is a function of dvG/p usually expressed by a chart, such 
as that of Wilson, McAdams, and Seltzer. If we consider 
the usual range of dvG/u for liquids, and that for gases we may, 
within each of these ranges, express f/; in terms of dvG/u with 
sufficient accuracy, as 
uw 
= Cy, 

f 
This is well within the error introduced by varying roughness of 
tubes. In order to use the same units in the general equations 
which follow, we may substitute as follows: 


W 1 WF 4 rdL 


From [3] we have 


(1226)* \d d Fk 


CC: 


or U = —— 
(1226)¢ 
For pressure drop, 


CW?-7L (6) 


From [4] we have 


W = ™ UedL 
12 AC, 
12 WAC 
or L=— [7] 


x dUe 


This gives us three fundamental equations [5], [6], and [7]. 
We may consider the fluid characteristics F, G, k, and Cp; the 
pressure drop p; and the temperature relations A and 6 as fixed 
by the requirements of a given design. This leaves U, L, and d 
subject to variation in design; also W, since we may use any 
number of tubes in multiple. Since we have three independent 
equations we may eliminate any two of these variables and 
derive a relation between the other two. 

Eliminating W and L we have 


3-7 a a 
(1226)* 12C; A 
3(a—B) + By 3(a-1) + y (8-7) (1-8) (3-—y)B-a 


Eliminating U and L gives 


1 1 
4C 2-8 +7 
W = Gpe pi-e-7 
12 X (1226)2C, A 
[9] 
C> 


8 Journal of Industrial and Engineering Chemistry, vol. 14 (1922), 
p. 105. 
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Eliminating U and W and solving for L, 


(Gp)*-4-7 
(12 (1226)¢ f 0 
(2—+7)(8—1) 
2(B—a) +y(1—B) 5—8a—y k 
Or, solving for \/6, 
l—a a-—l 
4 ric, — 
(12 x (1226) f 
2(a—B) + y(8—1) 3a+y-5 1— 
d 37-7 [— 
Cp 


These equations are quite general and may be used for any de- 
terminations made in the form of the Nusselt-Rice equation, 
and for any portion of the f vs. dvG/u chart. 

For the usual range of dvG/u found in dealing with oil or water, 
y is approximately 0.264, and for gas or air, 0.162, making the 
equations for pressure drop 

0.00765 (W/1000)!-73 


P G for liquids... .... [12] 


0.00404 (W/1000)!-838 
p = : for gases....... . [13] 
F.162 (4.838 


0.00404 


0). 00765 te 
- for liquids and ————— 


for gases. 
(1000) 1-736 


Hence C; becomes 


Taking C, = 53.5, a = °/6, 8 = '/s, and y and C; as above, we 


have two sets of equations, as follows. 


For Liquids: 


Gpe 0.438 
U = 54.5 = 0.834 f-0.959 (70.0818 [1.4] 


Gpo 0.525 k 0.35 
W = 1247 C,9-5% — 2.6 | — 
A ( P 
87 A 0.912 C, 0.608 
= 0. 0875 ain "0.433 , 
L = Gp 815 (2) 


0.667 
— = — (.(Gp)~°-% F0.475 — 
0 135.1 Cp 


For Gases: 


U = 40.C,'-45 —— F°0.775 (0.169 f,0.944 (70.0563 18] 


W = |—— pom 
82 5 A 0.916 c. 0.611 


0.667 
(Gp) — 0.0908 [1.092 f70. 485 — 1.272 (4) [21] 
Cp 


0 123.3 


These equations are convenient for ascertaining the net effect 
of varying one condition while all others remain constant. From 
Equation [14] and Equation [18] it is evident that, other things 
being equal, the smallest practicable tube will give the highest 
transfer rate. If, then, we know the cost per square foot of an 
exchanger when made of tubes of different sizes, and we multiply 
each unit cost by the corresponding d®-'24, the products will be 
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proportional to costs per B.t.u. per degree per hour, and _ wil] 
indicate the optimum size. 

Having ascertained the most economical size of tube for 
given purpose, the only other feature we can alter in a given 
set of conditions is the pressure drop. The most economical 
pressure drop pm is the one which affords the minimum annual 
cost Y. This is made up of two components Y,, the annual 
charge on the investment including interest, depreciation, and 
upkeep, and ¥2, the annual cost of pumping or forcing the 
fluids through the exchanger. Since the surface required js 
and U is directly proportional to 
some power e of the pressure drop p, we may write 


inversely proportional to U 


Coq 
(. is best determined by direct test upon an exchanger of similar 
type. If this exchanger handles gy gallons per minute with a pres- 
sure drop of pe and a yearly investment charge of Yy, and w 
wish to design one to handle q gallons per minute, we have 
C'eqo 
) 0 
Po 


or 


Similarly we may determine the pumping charge. Since th 
power required is proportional to pq, we may write 


= Crpeqo 


and determine C; by 


Poqo 
The complete annual cost is then 
C6 
Y = + 


Differentiating Y with respect to p and equating to zero, we has 
for a minimum 


Taking the value of e determined in Equation [14], ¢ = 0405 


1 
0.695 
Pm = 0.564 (‘:) 


e+1 

In many cases it is desirable to know the effect. of adding to “ 
length of an exchanger or to know how much to add to secu? 
certain temperatures. For this, the simpler equation, eliminat 
p, is more convenient. This applies to either “on or gasé 


k 


The temperature relation 4/0 is directly proportional to L “ 

is not greatly affected by moderate changes in the flow rate. 
In general, Equation [1] seems to rest on a sound basis. | 

value of C, obtained from Rice (48 tests by Soenneken, Stat! 
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Clement and Garland, Pannel and Jordon) 53.5; from Mc- 
Adams and Frost (63 tests by Clement and Garland, Wishnew, 
Trowbridge, Webster, Barton and Safford, and Voss) 54.0; 
from Babeock and Wilcox, 53.1; from oil tests collected by the 
writer, 51.8; all tend to confirm the general accuracy of the 
exponents « and 8 under a wide range of conditions. However, 
the value of C, (53.5) is only accurate as a general average. 
Minor variations in C, in each group of cases are still to be ex- 
plained. It is quite possible that C, will be found to vary with 
some other dimensionless combination, such as y;/y2 or ps/pas, 
where yu; and us apply to inlet and outlet temperatures, or L/d. 
Other combinations which have not been tried are V2/(2g)L, 
lwGC,/K and WC,/Pk. 


NOMENCLATURE 


A inside surface of exchanger, sq. ft. 
a = inside cross-section of exchanger, sq. in. 


C = coefficient in general 

C; = coefficient in Nusselt-Rice equation 

(, = ratio of one film transfer rate to overall transfer rate, U/h 
(', = specific heat at constant pressure 


d = inside diameter of tube, in. 

le = effective diameter = 4a/P 

e = exponent of p = a/(3— ay) 

fluidity = 1/u 

f = coefficient of fluid friction 

(; = specific gravity compared to water 

I] = total heat transmitted, B.t.u. per hour 

h = heat transfer rate for one fluid film, B.t.u. per sq. ft. 
per deg. per hr. 

k = thermal conductivity, B.t.u. per ft. cube per deg. per hr. 

ky Rice’s coefficient (c.g.s. units) 

L = length of path in exchanger, ft. 

P = perimeter of wetted surface, in. 

pressure drop, lb. per sq. in. 


~ 


q = flow rate, g.p.m. 

¢ thermal resistance of fluid film = 1000/h 

{; = mean temperature of fluid 

mean temperature of tube wall 

U = overall heat-transfer rate, B.t.u. per sq. ft. per deg. per 
hr 

v = velocity of fluid, ft. per sec. 


W = flow rate, lb. per hr. 
annual charge 
a = exponent of dvG/p in Nusselt-Rice equation = (ap- 
proximately) °/, 
8 = exponent of = in Nusselt-Rice equation = (ap- 


proximately) !/; 

7 exponent of dvG/u in f = C(u/deG) = (approximately) 
0. 264 for liquids (dvG/u between 40 and 400) and 0.162 
for gases (deG/u between 400 and 4000) 

A = temperature range of fluid 

= mean temperature difference between hot and cold 
fluids, or between tube wall and fluid 

# = viscosity in poises. 
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Discussion 


Lawrorp H. Fry.? The paper may be of interest to physicists 
but it does not present its final conclusions, if any, in a form which 
will bring much comfort to the practising engineer who, having a 
given rate of flow of fluid through a tube and knowing the en- 
tering temperature, wishes to determine the total amount of heat 
transferred between fluid and tube over a given tube length, or, 
which is the same thing, wishes to know the temperature of the 
fluid leaving the tube. 

Equation [1] for heat transfer per square foot per hour involves 
specific gravity, conductivity, viscosity, and specific heat at 
pressure. It would be of considerable assistance in checking 
the author’s work against other experimental data, if he gave the 
values he uses for these four properties of the fluids with which he 
is concerned. These values vary with the temperature of the 
fluid and must therefore vary as the temperature of the fluid 
drops in flowing along the wall. It therefore appears that in 
Iquation [23] which is intended to apply to a flue of material 
length L some statement should be made as to how the values of 
the properties of the fluid should be averaged so as to give mean 
values applicable to the length L. 

The Hedrick-Fessenden type of formula” which deals with the 
drop of temperature along a flue instead of attempting to arrive 
at the coefficient of heat transfer for an element of the flue 
surface, seems to be much better adapted to engineering use. 
The present writer has shown" that with this type of formula 
it is possible to find coefficients which are applicable to a wide 
range of practical conditions. In the writer’s work coefficients 
were determined empirically, but their rather wide usefulness 
indicates that their structure probably corresponds somewhat 
closely to the theoretical requirements. 

If Mr. Cox intends his work to be of practical value to others, 
it is hoped that he will supplement the information in his paper 
by the information necessary to enable the results of the formulas 
to be measured against experimental data. 


W. H. McApams.'* The attempt of the author to clarify the 
complicated and exceedingly important problem of heat trans- 
mission for turbulent motion, particularly in the case of viscous 
liquids, by the use of the Nusselt formula (his Equation [1]), is a 
step in the right direction. It is unfortunate that he did not have 
available the work of Whitman and Morris, presented last 
September at the meeting of the American Chemical Society in 
Detroit, but which has not yet appeared in the journal.'* Whit- 
man, like Cox, reduced Rice’s value of 8, using 0.37 instead of 
Cox’s value of 0.33. Whitman made 106 runs in heating and 
cooling three different oils, and 12 runs on water, and furthermore 
he actually measured pipe-wall temperatures and experimentally 
determined the viscosity-temperature curve of the various oils. 
In terms of the Nusselt coefficient C,, Whitman’s results are of 


® Standard Steel Works Co., Burnham, Pa. Mem. A.S.M.E. 

10 “On the Transmission of Heat in Boilers,”’ by E. R. Hedrick and 
kK. A. Fessenden, Journal, A.S.M.E., vol. 38, August, 1916, p. 619. 

11 “The Transfer of Heat between a Flowing Gas and a Containing 
Flue,”’ by Lawford H. Fry, Journal, A.S.M.E., vol. 39, October, 1917, 
p. 843. 

12 Professor, Department of Chemical Engineering, Mass. Inst. 
of Technology, Cambridge, Mass. Mem. A.S.M.E. 

13 Since the above discussion was presented, the paper of Morris 
and Whitman has appeared, Jl. Industrial and Engineering Chemistry, 
vol. 20, no. 3, March, 1928, p. 234. 
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the same order of magnitude as Cox’s. Furthermore, Whitman 
emphasizes the fact that the method of averaging the viscosity, 
to be employed in the Nusselt formula, profoundly affects the 
correlation of data. When employing film viscosities, Whitman 
found that the coefficient C, is approximately twice as much for 
cooling as for heating, but when viscosity at the bulk tempera- 
ture was used the value of C, for cooling was 0.75 times that for 
heating. He therefore adopted the latter method." 

Therefore, the method of averaging to be employed in deter- 
mining film viscosity is subject to discussion. It is unfortunate 
that Mr. Cox does not give viscosity-temperature curves which he 
used for his oil, so that his data can be compared with the results 
of Whitman and other investigators, by methods of averaging the 
values of u other than his own. 

From the article one gathers the impression that its author is 
inclined to present the Nusselt equation as a general equation 
for heat transmission between pipe walls and fluids in turbulent 
motion. If this is the purpose, it is desirable that the equation 
be tested on at least a large portion of the other data available 
in the literature. Thus, there seems no reason apparent on the 
face of the record for discarding the data on heat transmission 
of Fessenden and Haney” in favor of the Babcock & Wilcox 
results. Furthermore, adequate correction should be made for 
gas radiation'® which was not negligible at the higher tempera- 
tures employed by Babcock & Wilcox. It seems doubtful 
whether we are yet in a position to set up a truly general equation 
for heat transmission in this case. 

In the opinion of the writer, it is safer, in the present state of 
our knowledge, to use the Nusselt equation for correlation of 
data by plotting logarithmically the dimensionless group hd/k 
against DvG/u, using a separate curve for each type of fluid. 
Where possible, one should plot separately the data for each 
fixed value of the group uc/k. The intercepts’? of the various 
curves thus obtained will give the influence of this group on the 
Nusselt coefficient C;(uc/k). This variation in C,(uc/k) may then 
be treated graphically or algebraically. Where this amount of 
data is not available, a single plot for a given fluid or fluid type 
may be constructed, in which each experimental point has indi- 
cated on it its corresponding value of the group uc/k. Points 
corresponding to equal values of this axis may then be connected; 
where minor variations in this axis exist it is usually possible to 
correct for such variations by inspection. This method of 
correlation of data is exceedingly helpful and is probably the 
safest one to employ until we are surer than at present of such 
matters as the true influence of uc/k axis, the proper way to aver- 
age viscosities, the possible influence of other variables, the ab- 
solute values of thermal conductivities of liquids, and the in- 
fluence of temperature thereon, and the like. 

With reference to the author’s method of determining optimum 
conditions of operation of heat-exchange equipment from the 
point of view of economic balance, it would be well to point out 
wherein his method differs from that of Lewis, Ward, and Voss,'* 
except for the correction for length over diameter made by them 
and for slight variations in the numerical values of the constants. 
It would be interesting to know how the results of the two 
methods of design compare in specific illustrative cases. 


14 Whitman states that a still better correlation was possible b 
employing yw corresponding to a temperature ‘“‘at a point one-fourth 
the thickness of the film from the main stream.’’ Since this method 
would require trial-and-error work on the part of the designer, 
Whitman decided to employ bulk viscosity, allowing for the fact that 
C; for cooling was 75 per cent of C; for heating. 

16 The University of Missouri Bulletin No. 26, October, 1916. 

1¢ “Heat Transmission by Radiation from Non-Luminous Flames,” 
by H. C. Hottell, Ind. & Eng. Chem., Aug., 1927, vol. 19, no. 8, p. 888. 

17 That is, the ordinates corresponding to DvG/u = unity. 

18 Ind. & Eng. Chem., vol. 16, 1924, p. 467. 


The author fails to emphasize the point that uncertainties in 
C, and 8 have very little effect on the determination of the 
optimum conditions of operation. Most fortunately, from the 
engineering point of view, the proper operating conditions can be 
predicted with a precision far greater than would be anticipated 
in view of the variations encountered in the direct use of the 
Nusselt equation. 


Witus H. Carrier.'® The important contribution that the 
author has made in this paper is that he has shown the applica- 
tion of the rationalized Osborne Reynolds formula through 4 
very wide range of densities and viscosities both for liquids and 
gases, and has substantiated this in several important cases by 
experimental data. Similar investigations have been mace by 
others whom he mentions, particularly Rice and Me Adams 
He is able to use the same type of formula for gases with densi- 
ties varying as widely as that of hydrogen and chlorine and also 
for liquids having viscosities varying from that of water to heavy 
oils, for the latter of which he gives some new and interesting 
data. It is by this experimental study of the extremes in density, 
viscosity, and specific heat that he is able to determine with a 
considerable degree of accuracy the law of these variations in their 
relation to heat transfer, and for this reason the paper has « great 
deal of interest to the engineer or physicist who is making a re- 
search on the general laws of heat transfer. 

The author also makes some very useful and practical sugges- 
tions as to the design of surface for the greatest overall economy 
depending upon the nature of the fluid handled. 


D. R. Harper.” 
the line of making more readily available for engineering applica- 
tion, that vast storehouse of general scientific work which has 
been done on the subject of heat transfer. The excellent illustra 
tion of general principles the author has given, in bringing together 
experiments over a wide range of viscosities, should increase the 
confidence of engineers in these relations. The paper contains lit- 
tle which is an actual contribution to the fundamental Literatur 
in this field, but it does translate into British units much which 
has not been so well known to date as it should be, partly because 
of its places of publication, partly because of nomenclature and 
units unfamiliar to mechanical and refrigerating engineers 


This paper is a much needed contribution in 


W. Trinks.*' This is a most valuable paper. Nowhere in 
it, however, is anything said about radiation. Those of us wh 
have wrestled with oil stills know only too well that the gases 
which touch the oil still on one side radiate their heat to the 
tubes and that, therefore, we cannot separate radiation in oll 
still work. I believe, coming from California, and being in th 
gasoline business, Mr. Cox may be interested in oil stills. We 
should never forget that radiation influences the gas side, «t least 


R. J. S. Picorr.2? This paper is an important contribution 
for the following reasons: 

As is well known there are variations in heat transfer in col 
densers from possibly 200 B.t.u. under cold-water conditions ane 
poor air removal, up to as high as 800 or 900 B.t.u. uncer col 
ditions of warm condenser water, minimum air leakage, and 
proper design of the condenser. 

In the feedwater-heater group, there are variations from 3U 
to as high as 1800 B.t.u. Nobody seems to know detinitel) 


19 Carrier Engineering Corp., Newark, N. J. Mem. A.s.M.E 

20 General Electric Company, Schenectady, N. Y. é 

21 Professor, Mechanical Engineering, Carnegie Institute of Tec 
nology, Pittsburgh, Pa. Mem. A.S.M.E. 

22 Cons. Engr., Public Service Prod. Co., Newark, N. J 
A.S.M.E. 
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what the heat transfer coefficient ought to be. In the case of 
oil coolers values are even less definite. Of course, u/p is kine- 
matic viscosity and the quantity dsp/y indicates the effect of 
diameter (which is the size factor) times the speed of the fluid, 
divided by kinematic viscosity. One thing is quite evident; 
that is, nobody has paid much attention to the viscosity of the 
fluids as yet. That is the one remaining factor which is the reason 
why there have been no concordant results. It just so happened 
without knowing anything about this paper that I started some 
of my staff working out test results. We found in the first check 
plots that water-heater and condenser tests can be plotted largely 
on a single line if the viscosity of the fluid is taken into account. 
That is on the assumption that the controlling resistance is on 
the water side of the transfer apparatus. Under conditions of 
very large air leakage in the steam and cold water, the resistance 
may be on the steam side, but ordinarily there is not much air 
dilution. We do not know quantitatively just what effect dilu- 
tion of the steam with air has on transfer. That is the next 
thing to be investigated after we check up the liquid side. There 
is no question that our calculations all the way down to actual 
purchase will be tremendously affected by getting consistent 
line-up of B.t.u. transfer coefficients on a basis of this sort. Too 
few people have been regarding the Reynolds number as being of 
value in the design of heat-transfer apparatus. 


Tue Aurnor. The paper deals solely with heat transfer by 
conduction, as affected by forced convection. 

Radiation was not dealt with as it is properly a separate sub- 
ject. However, it may be said in this connection that the 
author has been able to check boiler tests quite closely by de- 
dueting the radiation from the total heat generated and assuming 
that the remainder determines the furnace temperature. This is 
in accordance with the old saying, ‘‘We cannot eat our cake and 
have it.” Since radiation is instantaneous and combustion re- 
quires an appreciable, although very minute, interval of time, 
heat radiated cannot appear as sensible heat of the gases. If it 
did we would have accounted for more than the total heat 
generated. It has often been noted that furnace temperatures 
as measured never quite reach the calculated. If the deduction 
is made for radiation in this manner, the results will check 
quite closely. Since the radiation depends upon the furnace 
temperature, this cannot be calculated directly, but may be de- 
termined by trial and error or by plotting a curve. No doubt 
there is some radiation beyond the furnace proper, but this is 
small compared with the heat conducted. 

Mr. Fry questions the convenience of this formula for de- 
termining the final temperatures, given the initial, flow rates, and 
other conditions of a given exchanger. 

This is a special case and by no means as simple as the con- 
ventional problem which is merely to determine the amount of 
surface, size and length of tubes, and number in multiple, neces- 
sary to affect a given heat exchange. The properties of the 
fluids are determined by taking the mean between the inlet and 
outlet temperatures, then the mean between this temperature 
and that of the tube wall. The final mean determines the fluid 
Properties. In the ease of viscosities which vary greatly, a pre- 
lerred method is described in the text. To solve Mr. Fry’s prob- 
lem it would be necessary to resort to the method of trial and er- 
tor. He suggests the Hedrick-Fessenden type of formula as 
better adapted to a problem of this sort. As the author recalls 
it, this is of the form T,/T: = (T3;/T,)* where log a = Mz, M 
being an empirical constant and x the length. Several years 
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ago the writer endeavored to check by means of this formula some 
tests upon an oil to oil exchanger in which a number of inter- 
mediate temperatures had been obtained. Determining @ from 
the four end temperatures and calculating intermediate values 
these did not check well with the observed values. Curiously 
enough, when fluidities were substituted for temperatures, the 
check was quite close. The fluids were crude oil and residuum, 
where viscosity plays a very important role. It is possible that 
a formula of this type might be quite useful in determining inter- 
mediate temperatures and in extrapolating for additional length. 
Whether it would be practical for exchanger design, the writer is 
not prepared to form an opinion. It might prove to be as diffi- 
cult to determine the coefficient M for different fluids and flow 
rates, as to calculate U. 

Mr. Pigott also brings up an important special problem, namely 
that of condensing vapors. Here the conductance depends 
mainly upon a film of condensate clinging to the tube wall. As 
it is impossible to determine the velocity of this film, the subject 
cannot be treated by the above formula. McAdams and Frost 
found that the conductance depended upon both the conductivity 
and viscosity of this film. In the case of steam condensers, the 
problem is still further complicated by the presence of air. 
For this case Orrok’s empirical formula®* is probably the most 
reliable. In condensing gasoline, particularly natural gasoline, 
a large amount of non-condensible gases greatly affects the rate. 
Very little work has been done on determining this effect. 

The author fully agrees with Professor McAdams that more 
work should be done on investigating the effect of viscosity and 
how it should be averaged. The author did not publish the chart 
by which the viscosities used in Tables 2 and 3 were obtained be- 
cause it was not believed that these tests were sufficiently reliable 
to justify any but the most general conclusions. It is well known 
among oil men that oils of the same gravity from different fields 
may have quite different viscosities. This applies even to oils 
from different wells in the same district. The author also 
plotted the tests in Tables 2 and 3 using body viscosities, and ob- 
tained not only different curves for heating and cooling, but 
greatly differing curves for heating light and heavy oils. This 
would necessitate two complete families of curves, involving an 
elaborate series of tests, and would be wholly empirical. Hence 
it would not indicate a general law for forced convection. In 
regard to the Babcock & Wilcox tests, one cannot read the de- 
scription of these tests without being impressed by the compre- 
hensive nature and range of the tests and the elaborate precau- 
tions taken to insure accuracy. To question them would re- 
quire a rather overwhelming burden of proof. 

As to radiation, Ray and Kreisinger** found that in a Heine 
boiler the ratio of heat radiated to that conducted was from 3 to 
15 per cent. If we allow for the radiation in the furnace proper, 
this 3 to 15 per cent is practically covered and the remainder of 
the heat transmitted may be safely assumed to comply with the 
Nusselt-Rice equation. 

It has by no means been the idea of the author that the subject 
was finished and the book closed. On the contrary the purpose 
of the paper has been mainly to collect and correlate the progress 
so far made and to prove, if possible, that this rests upon a solid 
foundation. If this has been accomplished, further progress, 
which is inevitable, will be rather in the line of refinements making 


for greater accuracy. 


23 Transactions, A.S.M.E., vol. 32, 1910, p. 1139. 
24 L. P. Breckenridge, “Study of Four Hundred Steaming Tests,” 
U.S. Geol. Survey, 1907. 
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The Gas Lift as Applied to Oil Production 


Description of the Central-Plant System—Results of the Gas-Lift Process—Factors in 
Operation—Limitations of the Process 
By F. W. LAKE,' BREA, CALIF. 


HE gas lift, as a method of producing oil, has reached a 

high state of development, and its application has been 

widespread during the last two years. In theory and prac- 
tice it is similar to the operation of natural flowing wells. It is a 
development of the air-lift method of raising water, applied 
under different conditions and hence necessitating a different 
set of principles and methods of operation. This is due not only 
to the differences in the physical characteristics of air and water 
and gas and oil, but also to the essential objectives of the two oper- 
ations. Water air lifts are designed for the delivery of a quantity 
of water in such a manner that the power efficiency is as high as 
possible and hence the cost of lifting near to or less than that 
incurred by mechanical pumping. Oil gas lifts are designed not 
for a high power efficiency but for obtaining the maximum net 
income from a producing property. For 25 years previous to 
recent developments, the gas lift had been attempted infre- 
quently, but with few satisfactory results which could not be dupli- 
cated. Recent experimental work, however, has been conducted 
in such a manner that the underlying principles have been dis- 
covered and the process can now be applied with precision. 


Tue CEeNnTRAL-PLANT SYSTEM 


As usually applied in the most efficient systems, dry gas is 
compressed to the required pressure at central compressor 
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Pic. 1 Frow Diagram, Gas-Lirt System 


plants and is then pumped to a centrally located distributing 
header or manifold. If certain wells require pressures widely 
different from the majority, these should be taken into con- 
sideration in designing the compressor plant so that a certain 
volume at one pressure may be pumped to the main distrib- 
uting header, while a different volume at a different pressure can be 
pumped to distributing headers serving the odd wells separately. 
From the distributing header, individual lines are run to each 
well, and by the application of meters and valves on each line the 
required volume of gas can be continuously delivered to each well 
on the system from the central point. The gas is usually intro- 
duced into the casing head between the casing and tubing, and 
‘8 pumped down to the bottom of the tubing. As it enters the 
tubing it mixes with the oil to a certain extent and is also dis- 
solved inthe oil. No mixing device, flow piece, or jet is necessary. 
Usually a few perforations are drilled in the tubing a few 

pruPerintendent of Production, Union Oil Co. of Calif. 
at at “te at the Seattle Meeting, Seattle, Wash., August 29 to 31, 

HE AMERICAN Society oF MecHANICAL ENGINEERS, 29 
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feet from the bottom to allow the gas to enter the tubing through 
an opening separate from the oil opening without causing any 
unnecessary back pressure. The oil-gas mixture rises in the tub- 
ing, similar to natural flowing conditions, and enters the trap or 
separator. Here the oil and gas are separated, the oil flowing to 
the flow tanks and the gas entering the gathering system. 
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Through the gathering system, the gas is pulled in from the vari- 
ous wells by a compressor plant and is delivered to an absorption 
plant where the gasoline content is removed. The dry gas is 
then delivered to the gas-lift compressor plant, the excess being 


sold or used as fuel on the lease. The gas-lift system is thus a 


closed circuit, the gas being alternately compressed and ex- 
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panded as it does the work of lifting the oil. Fig. 1 is a flow 
diagram of the gas-lift central-plant system. 

In the event of a leaky casing or low-pressure sands, the proc- 
ess can be reversed and the gas pumped down the tubing, the 
oil-gas mixture then flowing up between the casing and tubing. 
This practice is not advisable unless conditions necessitate its 
use, as it is usually low in efficiency and does not give the maxi- 
mum results possible. 


REsULTs OF THE Gas-Lirt Process 


One of the results of the application of the gas lift to oil pro- 
duction is the increased daily rate of production. This increase 
may vary from a small percentage to as high as several hundred 
per cent. Fig. 2 shows a production-decline curve of the Union 
Oil Company’s Brooks Well No. 2 in the Huntington Beach 
Field. This well was completed at a depth of 4545 ft. in Novem- 
ber, 1922, with an initial production of 2000 barrels of oil daily. 
It had declined to less than 200 barrels daily in the first half of 
1925. The first gas-lift installation raised the production to 
600 barrels daily for nine months. At this time a change in the 
operation was made with the result that the production increased 
to more than 900 barrels daily, from which point the well has 


Fie. 5 Typicat Compressor PLANT, COMPRESSOR END 

(Nine compressors direct connected to 165-hp. gas engines are employed. 
Five are used to pull in the gas from the field as low-pressure compressors 
operating from 10 in. vacuum to 30 lb. gage, and four are used as high-pres 
sure compressors boosting the gas to pressures of from 25 to 200 lb. per sq. in. 
for gas-lift operations.) 


had a gradual decline to the present. Fig. 3 shows a similar 
curve on the Union Oil Company’s Chapman Well No. 6 in the 
Richfield District. This well was completed at a depth of 
4147 ft. in May, 1921, with an initial production of 2100 
barrels daily. It had declined to about 200 barrels daily in 
the first half of 1925. The gas-lift method raised the production 
to 850 barrels daily. The decline was more rapid than necessary, 
due to the original method of operation. In June, 1926, when 
a change was made in the adjustment of the well, the production 
increased from 440 barrels daily to almost 600 barrels daily. 
From this point the decline has been commensurate with the 
decline in reservoir pressure, which is to be expected. Fig. 4 
shows the production-decline curve of the Union Oil Company’s 
Morse Well No. 3 in the Richfield District. This well was 
completed at a depth of 4340 ft. in April, 1922, with an initial 
production of 4300 barrels daily. It had declined to an average 
of 150 barrels in the first part of 1925. The installation of the 
gas-lift process raised the production to more than 750 barrels 
daily, from which point the well has had a slow decline to the 
present. These curves illustrate a few of the increases in the 
rate of production which are possible in certain instances by the 
proper installation of the gas-lift process. More important 
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but not quite as apparent is the increased ultimate production 
resulting from the gas-lift process. Since gas is recognized as 
one of the essential factors in bringing the oil from the sand 
interstices to the well, it follows that any decrease in the ratio 
of formation gas produced per barrel of oil will result in a corre- 
sponding increase in the ultimate recovery from the well. The 
application of the gas-lift process usually results in a lower gas- 
oil ratio, the extent of which depends on the efficiency of the 
former production method. For an average of the results so 
far obtained, it seems that the gas-oil ratio can be reduced at 
least 25 per cent. An additional factor tending to increase the 
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ultimate recovery from a well is the elimination of all moving 
equipment from the hole. This reduces the liability of parted 
tubing and the resulting fishing jobs which more than once have 
meant complete abandonment of the hole. The increased daily 
rate of production tends toward an increase in ultimate recovery 


TypicaL CONNECTIONS AND RELATIVE LocaTions or WELL 
Trap, AND TANKS For Gas-Lirt Hook-Up 


Fig. 7 


as a more rapid delivery of oil is effected, with an equal! or les 
hazard of collapsed or deteriorated casing. 

Under proper application of the gas-lift process, a greater De 
return is possible. This is due not only to production increas® 
but also to other conditions resulting from the process. T® 
central power system results in lower operating costs, particular 
from a labor-saving standpoint. The elimination of individe® 
power plants and the power centralization permits better care 
machinery, with subsequent decreases in repair and maintens® 
With no pumping equipment in the hole, the neces! 


costs. 
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for well-pulling labor is almost eliminated. In addition to these 
factors, the increased rate of production means a more rapid 


return on the investment in a property. As a result of the 
application of the gas-lift process, the net income from a property 
should be appreciably increased and should be realized in a 
shorter period of time. 


Facrors IN OPERATION 


The control of the process lies in the tubing diameter and depth, 
the gas volume circulated, and the pressure held back on the pro- 
ducing sand, which latter varies with these factors and also with 
the tubing-head pressure. Oil and gas exist under pressure in the 
interstices of the producing horizon, and the rate of extraction is in- 
versely proportional to the existing back pressure in the hole op- 
posite the producing horizon. | Hence for the maximum daily pro- 
duction the effective back pressure should be a minimum opposite 
the most productive portion of the producing horizon. The effec- 
tive back pressure at the bottom of the tubing is equal to the sum 
of (1) the tubing-head pressure, (2) the pressure drop due to fric- 
tion of the oil-gas mixture in flowing from the bottom of the tub- 
ing to the top, and (3) the pressure due to the difference in eleva- 
tion of the bottom and top of the tubing with the static head of 
the oil-gas column. Where there are no appreciable losses of 
gas due to casing leaks or low-pressure sands, the effective back 
pressure at the bottom of the tubing is also equal to (4) the casing- 
head pressure, less (5) the pressure drop due to friction of the 
gas flowing down the annular space between the casing and 
tubing from the surface to the bottom of the tubing, and plus 
(6) the static head of the gas between the casing and tubing. — If 
the tubing extends lower than the top of the producing horizon, 
items (5) and (6) are influenced by the amount of oil entering 
the well above the bottom of the tubing and moving down with 
the gas to the lower end of the tubing. Thus the minimum back 
pressure occurs at the bottom of the tubing. 

The most efficient tubing diameter is dependent on two factors, 
namely, friction and slippage. Friction is inversely proportional 
to the tubing diameter, while slippage is directly proportional 
to the tubing diameter. For maximum results, that diameter 
should be used which will give the minimum friction with the 
minimum slippage, consideration being given to the relative 
volumes of oil and gas to be handled and their respective physical 
properties. 

With respect to the tubing-head pressure, all connections, the 
trap setting, the tank location, and the trap pressure should 
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be such that the minimum tubing-head pressure is obtained. 
Pressure drop due to friction should be reduced to a minimum. 
Trap and tank locations should be so arranged that gravity flow 
is possible. Trap pressures should be reduced to as near atmos- 
pheric pressure as possible. The relation between a low tubing- 
head pressure and the minimum back pressure is evident, and 
proper attention to these details will result in more efficient gas- 
lift operation. 

The volume of gas circulated should be controlled so that the 
minimum steady pressure is obtained. Lack of gas causes head- 
ing or surging with the average back pressure higher than neces- 
sary. Too much gas, although the pressures are steady, crowds 
the system with gas and results in a higher back pressure than 
necessary with a corresponding decrease in production. 

Thus tubing-head pressure, tubing diameter and depth, and the 
gas volume circulated are the factors permitting adjustment 
and upon which the efficiency and results of the gas-lift process 
are dependent. 


LIMITATIONS OF THE Gas-Lirt Process 


While exceptional results are possible from a proper applica- 
tion of the gas-lift process in certain instances, still it is not 
without definite limitations. Where water in sufficient quanti- 
ties is produced with oil of such physical characteristics that 
tight emulsions tend to be formed, gas lift may not be economical, 
due to the high cost of treating the emulsion. This limitation is 
dependent on the physical properties of the oil and relative quan- 
tities of oil and water produced. Under some conditions, the 
advantages resulting from gas lift may be more important than 
the disadvantages resulting from the formation of emulsions. 
This is an economic problem peculiar to local conditions. 

In areas of low rock pressure the continuous gas-lift system 
may not be economical. If the minimum pressure for continuous 
gas-lift operation causes a back pressure on the producing forma- 
tions in excess of that which exists by reason of the fluid head in 
the hole during pumping operations, the production by gas 
lift will be less than that produced by pumping. Intermittent 
gas lift, where the fluid is blown out of the hole at periodic in- 
tervals, may be applied and some of the advantages of the con- 
tinuous gas-lift system obtained. Experimental work is now be- 
ing carried on for the development of a stage gas lift which will 
reduce emulsion difficulties and prove more efficient than the 
intermittent gas-lift svstem, particularly in application to pro- 
duction from low-pressure horizons. 
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PET-50-4 
The Degree-Day Method of Fuel-Consump- 
tion Analysis 


Its Application to Fuel Deliveries for Domestic Oil Burners 
By W. R. ABBOTT,! LOUISVILLE, KY. 


HE circumstances leading up to this particular application Column | is the date. 
of the degree-day method of fuel consumption analysis are Column 2 is the mean temperature in degrees fahrenheit. 
as follows: Column 3 is difference between this mean temperature and 70 

The company with which the author is associated is engaged in deg., and represents in degree-days the heating load for this 
the refining and marketing of various petroleum products and particular day. The term “degree-day”’ is, as its name implies, 
one of its problems is the creation of a local fuel-oil market and the product of two quantities, temperature and time—one degree 
the subsequent permanent retention of the business so developed. _ fahrenheit and one twenty-four-hour day. We assume 70 deg. as 

The first step was to engage in the sale, installation, and servic- 
ing of oil burners with particular attention to fully automatic 
domestic equipment. -1927 - 1927 | DECEMBER-r927 | Fi 

After a survey has been made of the existing or proposed heat- if oe NTT 

ing equipment we recommend (in the event conversion to oil is 
justified) such tankage, oil burners, control equipment, etc., as | 56) ° an 
the company has found from its experience to be most suitable. 
This recommendation is made in the form of a definite proposal +e 
covering a completed job at a lump-sum price. The company 1 oie 2 
guarantees complete satisfaction as to capacity of equipment -2] | 2279 
installed, automatic operation, and dependability. Night-and- ae a 
day service is available, and in the event the customer chooses 
to purchase his fuel oil from the company, this service is without 
charge. The company obtains customers’ permission to deliver 
fuel when and as needed, and assumes full responsibility for the 
prevention of ‘“empty tankage” service calls. 

The result, from the customer's point of view, is that he is 
actually purchasing automatic heat as free from care on his 
part as is his electric light, telephone, gas, or water service. The 
result, from the company’s point of view, is that it develops a 
tank-wagon fuel-oil business which is of a more permanent 
nature than that of the average petroleum product marketed, and 
does so with a minimum of direct sales effort. 

The company first applied the degree-day method of fuel con- 
sumption analysis to the invesigation of complaints as to excessive 
fuel costs. Later it was used in checking up the results obtained 
from various changes made to original installations for the pur- 
pose of lowering fuel costs. Then it was applied to checking 
efficiencies of oil-fired heating plants, and lastly to the subject 
under discussion, fuel-oil deliveries. 

The ideal in tank-truck delivery is: 


5S 


6 


1, 


1 Full tank-truck dumps 
2 Complete freedom from idle or stand-by time 
3 Continuous operation of rolling equipment. 


It is necessary to know, therefore, exactly when a tank is down ra. 3 DomenDar Les 
to the point that it will permit a full tank-truck dump, and it is 
hecessary to know when it will be empty if the delivery is not 
made. The interval between these two is the company’s de- 
livery margin as to time. 

The company’s procedure to obtain this information without 
Periodically gaging each and every tank is as follows: 

The daily mean temperature is obtained from the United 


the average temperature maintained inside of the building heated. 
Column 4 is the total to date of degree-days which have elapsed 
since the beginning of the heating season. 
The entries in the log shown in Fig. 1 submitted herewith are 
for the heating season of 1927-1928. 
It has been found that within the limits of the Company’s re- 
N * need ra », quirements the fuel consumption for a given heating plant is in 
et : <auctendaaeeen a “Degree-Day Log, direct proportion to the elapsed degree-days. A job constant K 
_.. : is therefore obtained by dividing the fuel consumed in gallons on 
' Sales Engineer, Aetna Oil Service Co. any particular job by the degree-days which have elapsed during 
.Presented at a meeting of the Metropolitan Section of the A.S.M.E., _ the period in question, and this has been found to be a convenient 
New York, March 6, 1928. expression of the fuel-consuming characteristics of this installa- 
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tion. This constant K is worked out for every job each time a 
fuel delivery is made. On the Customers’ Card, Fig. 2 (one for 
each installation), is entered the necessary information and cal- 
culations to obtain this job constant. Fig. 2 is a continuous 
period-by-period record of the fuel consumed on this particular 
job. An explanation of the entries follows. 

Column 1: Starting date of period under consideration. 

Column 2: Degree-days corresponding to above date (from 
Fig. 1, col. 4). 

Column 3: Completion date of period under consideration. 

Column 4: Degree-days corresponding to above date (from 
Fig. 1, col. 4). 

Column 5: Difference between degree-days written in col- 
umns 2 and 4. This entry represents the degree-days which 
have elapsed during the period. 

Column 6: Gallons in storage at beginning of period. (A 
gage-stick reading obtained from drivers’ delivery ticket.) 

Column 7: Deliveries during period. 

Column 8: Total of columns 6 and 7. 

Column 9: Gallons in storage at end of period. (A gage-stick 
reading obtained from drivers’ delivery ticket.) 

Column 10: Consumption in gallons during the period. 
(Entry in column 8 less entry in column 9.) 

Column 11: Job constant K obtained by dividing gallons 
consumed (column 10) by elapsed degree-days (column 5). This 
is in terms of gallons per degree-day. 

Column 12: Job constant K, which is in terms of gallons per 
degree-day per unit load. The unit load assumed is 1000 sq. ft. 
of steam radiation or its equivalent. In the upper right-hand 
corner of each card is entered the load on the boiler together with 
this equivalent unit load, designated as C. The entry K’ is ob- 
tained by dividing job constant K by equivalent unit load C. 


Fic, 3 COMPUTATION SHEET 


The constant K’ is unnecessary as far as fuel deliveries are 
concerned, but is important as an index of the overall efficiency 
of the plant and for comparing fuel consumption of plants which 
vary in size and manner of heat distribution. A study of the 
constant K’ is of interest in evaluating the various types of bhuild- 
ing construction, insulation, weather strips, etc. 

A comparison of the job constant K with preceding ones is a0 
index of the efficiency of this particular installation during the 
period as compared with previous periods. Normally these jo! 
constants will vary only a few per cent from the seasonal constant 
and abnormal variations are immediately reported to our servic’ 
department. In this manner inefficient operation due to burner 
equipment’s getting out of adjustment is subject to correctiot 
before it has become serious from a fuel-consumption point 0! 
view, and the results of these corrective measures is immediate! 
known in terms of gallons consumed per degree-day. Fig. 2 gives 
duplicates of two cards picked at random from our files. 

The Computation Sheet shown in Fig. 3 is a tabulation of the 
daily computations. Actual entries are shown with numbers it 
serted for names and addresses. 

Column 1 is date of fuel delivery. This is the same as colum® 
3 in Fig. 2 for the installation in question. 

Column 2 is name of installation. 

Column 3 is the job constant K and is taken from Fig. + 
column 11. , 

Column 4 is gallons in storage after delivery has been made 
This entry is the same as in column 9 of Fig. 2. 

Column 5 is the degree-days in storage, and is the stock of fue 
oil on hand expressed in degree-days rather than gallons. To 
entry is obtained by dividing the gallons in storage (col. 4) by the 
job constant K (col. 3). 

Column 6 is the elapsed degree-days from beginning of seas" 
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to date, and is obtained from degree-day log, Fig. 1, column 4. 

Column 7 is the sum of the entries in column 5 and column 6, 
and represents the “empty tank”’ point in terms of elapsed degree- 
days (column 4, Fig. 1). In other words, there would be a run-out 
of oil on the day in which the total elapsed degree-days from 
Oetober 1 equals the entry in column 7. 
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Column 10 is this “fill point” in terms of elapsed degree-days 
from the beginning of the season. It is found by subtracting entry 
in column 9 from entry in column 7. A 700-gal. delivery could 
be made then on the day in which the elapsed degree-days from 
October 1 (Fig. 1, col. 4) equals this entry (col. 10). 

It is now known when any tank will be empty and when it may 
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Column 8 is the period expressed in gallons which exists be- 
tween the possible full tank-truck dump point and the empty 
point. Seven-hundred-gallon deliveries are assumed as standard 
and the entry in this column, “fill point,” is the capacity of 
customers’ tank less 700 gal. 

Column 9 is the same period expressed in degree-days and is 
obtained by dividing gallons in column 8 by the job constant of 
column 3. It is the degree-day interval which exists between a 
Possible “fill point” and the “empty point.” 


be filled. The wall chart shown in Fig. 4 is the graphic represen- 
tation of the fuel-delivery situation. It is posted daily and is 
the sole source of information for the routing of truck deliveries. 

Fig. 4 is ruled vertically and horizontally. The horizontal 
lines represent installations, and the customer's name and address 
is inserted alphabetically at each end of the line, together with 
tankage and delivery zone. The vertical lines are elapsed degree- 
days from the beginning of the heating season and in the full- 
size chart are to the scale of 100 degree-days per inch, with the 
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zero at the left and 6000 degree-days at the right. The average 
season im our territory contains 5390 degree-days. A vertical 
guide is moved in a horizontal direction progressively from left to 
right each day a distance equal to the degree-days corresponding 
to that day and obtained from column 3 of the degree-day 


log shown im Fig. 1. 
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delivery. Knowing the round-trip time for each installation, 
a schedule is worked out in advance for each tank truck and maxi- 
mum economy in truck operation is facilitated. 


actly with the total elapsed degree-days as entered in column 4, 
Fig. 1. Its position in Fig. 4 is for March 2 and represents 4162 


elapsed degree-days. 


Its position at any day during the heating season coincides ex- 


The deliveries and tank gagings are posted daily on customers’ 
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cards, Fig. 2, computed on Fig. 3, and the results obtained are 
marked on the chart Fig. 4 in the following manner: 

Centered in the horizontal space corresponding to the installa- 
tion in question a red-pencil line is projected to the right and 
terminated at the degree-day point corresponding to “empty 
tank” conditions, column 7, Fig. 3. A blue-pencil line is drawn 
inasimilar manner terminating at the degree-day point indicated 
in column 10, Fig. 3, as the “fill point.” This blue line covers 
and obliterates the red line underneath so that the result is a 
blue line extending to the “‘fill point” and a red line the remainder 
of the space to the “empty point.”” When the traveling guide 
leaves a blue line and is traversing its extension in red, that 
particular installation may be supplied with oil in a full tank- 
truck delivery, and the length of the red line is indicative of the 
margin which exists between “fill point” and “empty point.”’ 

With red and blue lines properly drawn opposite each installa- 
tion, it is possible to determine by inspection every possible 


Fig. 5 is a graph showing: 


1 Daily fluctuation of mean temperatures and correspond- 
ing degree-days for the 1926-27 heating season. (Light 
full line) 

2 Monthly average mean temperatures and corresponding 

degree-days for the 1926-27 heating season. (Heavy 

broken line) 

3 Monthly average mean temperatures and corresponding 
degree-days for normal season which is the average of 
49 vears of weather records. (Heavy full line) 


The mean temperature vertical scale is indicated on right 
margin of the chart, and the degree-day vertical scale on the left 

Time in days and months is plotted horizontally, with the be- 
ginning of the heating season at the left. 

The total monthly degree-days and its percentage of the total 
for the season 1926-27 is tabulated in the monthly space under 


the base line. 
Fig. 6 is a graph of total elapsed degree-days. 


The time is plotted horizontally. 


The total elapsed degree-days from Fig. 1, column 4, ar 


plotted vertically. 
The normal (49-year average) season is indicated by a heavy 


full line. 
The seasons of 1925-26 and 1926-27 as well as the 1927-2 


season to date are plotted in broken lines. 


Posted up to date at frequent intervals, this graph is of valu 
in indicating whether the fuel-delivery demands are running 
ahead of or lagging behind the normal demand. At just this 
season of the year (March) the company is making every effor' 
to regulate deliveries so that customers will have a minimur 
gallonage in storage on June 1 to carry over through the summer 
season. Anempty tank on that date is its goal, but it is not th 
company’s practice to encourage broken tank-truck dumps ¢ 


attain this end. 
Arrangements are made with customers to fill their storag 


tanks at the company’s convenience during the summer months 
so that the season starts with customers’ tankage filled. 

Briefly outlined, the following are the various applications 
the foregoing information: 

Peak Fuel-Delivery Loads. The sum of all of the job constan’ 
K multiplied by the daily degree-day load gives the daily fe 
consumption. Deliveries must of course be geared up to ' 
peak loads of December, January, and February, and the 
formation which is now available simplifies the problem of « 
termining at frequent intervals the relation between total ¢ 
sumption and total deliveries. 

Knowing the summation of job constants K on installat 
already in service, and estimating the summation for the 
stallations sold but not yet in operation, the total gallonage 
the season can be predicted very closely, and from Fig. 6 
distribution of this gallonage by months can be estima‘ 
Tank-truck equipment necessary to handle this business ms) 
arranged for and the necessary advance storage of fuel ol * 
ticipated. In estimating the job constants K for installse* 
not yet in service, the installed radiation, estimated equivs” 
unit load (Fig. 3), and an assumed K’ are used as a basis 

Bulk-Station Location. The company has considerable 
ban territory which is beyond the limits served by the oc 
company. A large percentage of the homes located i 
territory may be listed as Class A prospects for domest# 
heating equipment. At the present time there is located 2 
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area a considerable portion of the company’s domestic fuel-oil 
business, and it so happens that in order to make these deliveries 
the trucks have to traverse downtown streets subject to serious 
traffic congestion during business hours. 

It is proposed to install bulk storage as nearly as possible to 
the ‘center of gallonage’’ of the area referred to. From this 
storage delivery trucks of 700 gal. capacity will be operated. 
(The 700-gal. limitation is due to limit loadings on private drives.) 
To this storage maximum-capacity tank trucks will be operated 
during the hours which are free from city-traffic delays. On the 
company’s installation map is located accurately every job. 
The area in question is outlined and each job constant K inserted 
in the circle representing its location geographically. The sum 
of the job constants multiplied by the yearly average degree-days, 
5390, is the gallonage to be arranged for. Its fluctuation during 
the year can be obtained from Fig. 5 and the “center of gallonage”’ 
or theoretically perfect location of bulk storage computed as a 
“moment” problem, the factors involved being K (gallons per 
degree-day) and distance (in miles). The estimated amount. of 
future business must of course be taken into consideration in this 
survey. 

House Heating and Domestic Water Heating. In installations 
beyond the gas-service areas, the company automatically heats 
the domestic water as well as the residence, and generally with 
the same oil-burner equipment. This domestic water-heating 
load is fairly constant and does not fluctuate materially with the 
outside temperature. The job constant K then must be separated 
into two parts, one, a domestic-hot-water factor, which is con- 
stant, and the other, a heating factor, which fluctuates with the 
outside mean temperature. The former is determined during 
the summertime when there is no heating load and is in terms of 
gallons per day. This quantity multiplied by the days in the 
period in question gives a quantity which must be subtracted 
from the gallons consumed, column 10, Fig. 2. The job constant 
K then found by dividing the entry in column 10 by the entry in 
column 5 is for the heating load only. In other words, it is pos- 
sible at all times to make a separation in the fuel consumed with 
an accuracy within the limits of the company’s requirements. 

Sales. The whole scheme of operation is capitalized in sales 
work in the following manner: 


| The prospect is offered an opportunity to purchase auto- 
matic heat and not just an oil burner. 

~ There is an undivided responsibility resulting from a 
single organization's installing the equipment, servicing 
it, and supplying the fuel which it is found meets with 
favor in the mind of the prospect. 

3 The prospect is well protected from the hazard of pur- 
chasing what might later on become “orphan” equip- 
ment. 

4 The service organization is financed through the saving 
effected in direct fuel-oil sales effort. In other words, 
the service department must be operated for what it 
would cost to sell the fuel oil by means of salesmen and 
advertising, In self-protection it is necessary to keep 
this service cost as low as possible, and in so doing the 
customer is certain to receive a quality installation as to 
both material and workmanship. For the same reason 
it is necessary to be very particular as regards the uni- 
lormity and specifications of the fuel supplied. 


. This legree-day method of fuel-consumption analysis has its 
limitations, and what has been outlined in this paper may be 
subject ‘o criticism from a purely engineering standpoint; within 
the limits of the company’s requirements, however, it gives en- 
urely satisfactory results and is easily understood by the layman 
and the operating personnel. 


PETROLEUM 


Discussion 


A. B. Morean.? The application of the degree-day method 
of estimating fuel consumption to fuel-oil deliveries, as covered 
in the paper, is most interesting, and there is no reason why it 
should not be most practical. The degree-day is a comparatively 
new unit which has come into national prominence within the 
last ten years. It was originally used in connection with the 
estimating of total fuel consumption, and served as a very re- 
liable basis for comparing similar installations located in dif- 
ferent parts of the country. When used in this manner the 
mean monthly temperatures were usually sufficiently accurate 
to yield comparable results. The possibilities of the new unit 
were further developed by P. E. Fansler of the Heating and 
Ventilating Magazine, who originated an “iso-degree-day”’ chart 
which was based on daily mean temperatures. This iso-degree- 
day chart divided the United States into sections, with com- 
parable total degree-days. Another very important develop- 
ment in this line was the survey made by the American Gas 
Association which resulted in the establishment of a mean out- 
side temperature of 65 deg. as the temperature at which the 
average person would operate some form of heating device if 
automatic heat were not provided. 

The relation of the amount of fuel, either oil, coal, gas, or 
electricity, to the number of degree-days has been repeatedly 
established and checked for domestic installations. It has even 
been carried to such a point that it is now indicated that the 
amount of electricity required to run the motor which operates 
an oil burner is also proportional to the number of degree-days 
in domestic establishments 

Even after considering the marked expansion in the use of 
the degree-day during the past ten years, it is apparent that 
only the surface has been scratched. This method should be 
given consideration by all who have problems to solve which 
involve space heating by any known method. 

In the oral discussion which followed the reading of the paper, 
the use of the degree-day in connection with domestic establish- 
ments was not questioned to any great extent, as it was prac- 
tically obvious that once the particular constants had been es- 
tablished the amount of fuel which would be required by any 
installation would, under ordinary conditions be practically 
proportional to the number of degree-days. The practice of 
using the current daily temperature reports will of course give 
results which are much more accurate than those based on the 
normal mean monthly temperatures. A further refinement 
which might be made where the utmost accuracy is desired 
would be the use of the temperature or temperatures at which 
the installation is actually maintained instead of an average 
temperature such as the 65 deg. determined by the A.G.A. How- 
ever, it was interesting to note how closely the curves of the 
total number of degree-days followed each other for a normal 
year and the years 1925-26, 1926-27, and 1927-28 for the city of 
Louisville. The practice followed by the author’s company of 
checking the constants at each delivery of oil is an extremely 
good one, inasmuch as it gives a definite indication of the con- 
dition of the particular burner. 

Theoretically the degree-day method should be applicable 
to all types of installations. However, in the case of the hotels, 
office buildings, and apartment houses there are certain features 
which must be considered in addition to those of the domestic 
establishments. For example: in a hotel which is heated by 
steam at a given pressure, there is a certain amount of fuel re- 
quired to bring the steam up to that pressure and also to supply 
process steam for hot water, cooking, etc. Whatever fuel is 


2 Assistant Engineer, National Electric Light Association, New 
York, N. Y. 
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necessary to take care of the steam required for process work 
and losses which are due to the maintenance of fire and pressure 
so that immediate heat may be supplied, should be considered 
aside from the fuel which is actually used in heating the rooms. 
It is therefore obvious that a certain amount of fuel will be re- 
quired before any heat is furnished to the building. In other 
words, the total amount of fuel is not directly proportional to 
the number of degree-days. However, the amount of fuel in 
excess of that required for the various processes and losses would 
be proportional to the number of degree-days; this would give 
a curve which would be in the form of y = a + (f) x instead 
of, as in the case of domestic establishments, y = (f) x, where 
y = amount of fuel, x = degree-days, a = constant—dependent 


on losses and processes, and (f) = function—relation of degree. 
days to fuel used for space heating. 

The preceding paragraph was based on theoretical premises, 
but recent tests which have been made by a company which 
supplies steam to hotels, apartments, and office buildings hag 
demonstrated that this method checks fully as close as the sim- 
ple method in the case of domestic establishments. 
clusion, it is clearly evident that the degree-day method of esti- 
mating fuel consumption is applicable to practically all types 
of service with a fair degree of accuracy. The only question 
is whether or not the desired information would warrant the 
necessary labor involved in applying this method to the more 
complex installations. 
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Distillation and Fractionation in the 
Petroleum Industry 


By H. R. SWANSON,! NEW YORK, N. Y. 


In the author's opinion, with the efforts of refinery engineers in 
the direction of simplification of the distillation operation and 
equipment, the single-tower unit would seem to be the solution of a 
previously complex problem. Contingent matters which must be 
carefully considered are: (1) the selection of a simple, accessible, 
and practicable heat-recovery system, and (2) the simplest possible 
sealed piping arrangement. 


EALIZING that increasing competition demanded a 
R reduction of manufacturing costs, the refining industry 

has been one of the outstanding fields of engineering de- 
velopment during the past few years. This development has 
of course been apparent in every phase of refining, and we now 
find a rather general application of improved distillation methods, 
vapor-phase treating, and contact clay treatment of lubricating 
oils, in addition to remarkable strides in the field of crack- 
ing. 

Until quite recently only a few tube stills of the old conven- 
tional type were in operation as preheaters, and the general re- 
finery distillation was conducted in shell stills with only primitive 
tower equipment. The condition of this phase of the refining 
operation can be taken as indicative of the general condition of 
the industry when competition was not keen and the margin 
between raw materials and marketable products was relatively 
large. 

In a paper published in the engineering issue of National Pe- 
troleum News, David E. Day has stated that, to improve profits 
from its operation, the refinery must either increase its returns 
as far as products are concerned, or decrease its costs, or both 
without sacrifice of quality. Further analysis develops the ex- 
treme importance of yields in addition to fuel, labor, maintenance, 
and chemicals for treating distillates. 

It is readily apparent that the solution of this problem, as re- 
gards the important items determining the cost of refined prod- 
ucts, rests upon the distillation operation. Yield, the most 
important factor, is controlled largely in the primary distillation 
unit. The use of a minimum of steam and the elimination of 
rerunning immediately reduce to a minimum both the direct 
and the auxiliary fuel. The selection of a simple, compact, 
soundly engineered, and properly constructed unit insures a 
minimum labor cost and low maintenance. The improved 
quality of products from the primary distillation unit cannot 
but decrease the chemicals and treating costs. 

The primary distillation unit, which is obviously the most 
important phase of the refinery operation, is dependent upon 
the success of three steps: the heat-recovery system, the main 
heating unit, and the fractionating system. These three sets 
of equipment are quite inseparable in the study of a distillation 
unit and will be discussed somewhat individually but primarily 
as a complete unit from the standpoint of realization of yield, 
Simplicity and practicability of arrangement, fuel efficiency, 
and investment. Inasmuch as the yield of products is of para- 
Mount importance, any arrangement which could be proposed 


‘Chief Engineer, Refinery Division, Foster Wheeler Corporation. 
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must necessarily satisfy this requirement. It then becomes a 
problem of selection of the practicable arrangement. 

Originally the tube still was considered a desirable adjunct 
to the usual shell-still battery, but not a necessity or an inde- 
pendent unit. This condition has entirely changed, and as a 
result the tube still is now generally recognized as the economical 
heating unit, not only for crude-oil distillation but for any refinery 
distillation operation. The increased experience gained by the 
tube-still manufacturer has contributed to the development of 
the tube still to a point where units of proper design are now 
operating with low excess air and resultant overall efficiencies 
approaching boiler praetice. 

With the application of fractionating equipment to the re- 
fining industry, there developed the logical discussion of the 
advantages and disadvantages of the various types of recog- 
nized countercurrent scrubbing devices. This trial period for 
the various types found application to shell stills particularly, 
and along with the widespread application of tube stills, the 
bubble tower has been quite generally accepted as being more 
economical as a result of the lower fixed charges and operating 
costs. 


Tue Buss_e TOWER 


In consideration of the internal construction of a bubble tower, 
some important points might be mentioned. Many of the 
general principles of design, such as the influence of tray spacing, 
vapor velocity, etc., are generally recognized. However, present 
developments indicate perhaps too much emphasis has been 
placed upon submergence as governing contact, apparent velocity 
through the nozzles, or percentage of nozzle area as governing 
capacity, etc. The major contact between liquid and vapor 
for latent-heat interchange is unquestionably in the vapor space 
above the tray. Perhaps ample provision has not been made 
for the proper utilization of this ideal contact zone. The proper 
distribution of liquid and vapor and the elimination of entrain- 
ment are interdependent and demand careful consideration. 

Several types of tray arrangement have been resorted to in 
an effort to insure distribution and contact. The true bubble- 
cap tray arrangements, however, resolve themselves into two 


general types: 


1 The long rectangular nozzle with the long rectangular cap 

2 The round nozzle with individual round, square, rectangu- 
lar, hexagonal, or, in some cases, a long rectangular cap 
covering several nozzles. 


The obvious difficulty encountered with the conventional 
round nozzle and individual bell cap, as usually arranged on the 
tray, is the short-circuiting of liquid across the tray, since no 
path of flow is defined. Such short-circuiting of the liquid inevi- 
tably results in unbalancing of the vapor flow, the major portion 
of the vapor going to the side of the tray where the liquid re- 
mains quite stagnant. A tray of this construction may be 
perfectly balanced if tested by air and water when no water or 
less than the operating liquid load is being delivered to the tray, 
but absolutely unbalanced with liquid flowing. In an effort to 
eliminate the possibility of the unbalancing difficulty, the long 
rectangular construction has been resorted to as shown in Fig. 1. 
These nozzles, with caps arranged for individual leveling, ex- 
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tend the full width of the tray from a distributing weir on one 
side to a retaining weir on the opposite side. The liquid delivered 
at one end of the nozzle follows a definite, unobstructed path 
across the tray. We have obtained the best results in practice 
with this type of tray construction. This problem of distri- 
bution is relatively simple in small towers and accounts for the 
apparent success of the conventional construction in the past, 


1 


BuBBLE TRAY 


1 


but with the present demand for large units, the inherent ad- 
vantage of the rectangular cap and provision for definite flow 
will be more pronounced. 

The early application of bubble towers to the industry was on 
batteries of continuous shell stills which called for a relatively 
simple tower as a part of a complex unit, as viewed from the 
standpoint of multiplicity of control. The development of con- 
tinuous tube-still distillation with all its advantages derived 
from the very short time the oil is under high temperature, 
in addition to the economies of operation and maintenance, 
made imperative the development of satisfactory fractionating 
equipment for large capacities. The natural tendency was in 
the direction of a step-up type of unit, which included a tube 
still and tower for each cut desired. Most of the early units 
were equipped with partial condensers, which only add to the 
difficulties of operation and control as compared with pumping 
back condensate. Fortunately the operation was applied to 
the production of light distillates only, with a fuel-oil residuum 
for market or for reduction to coke in the case of paraffin crudes 
to produce lubricating distillates. It is difficult to conceive 
of a more complicated set-up than would be necessary if the 
charge were reduced to an 8 to 10 per cent bottom for the pro- 
duction of the heavier distillates in this type of unit. Obviously, 
such a complex system with its numerous necessary points of 
control and duplication of equipment was difficult to synchronize, 
and particularly difficult to design and balance, except for one 
particular crude oil, without overdesigning every part for the 
maximum load condition dictated by various charging stocks. 
This method is also uneconomical because of the successive over- 
vaporization required to effect fractionation. With this type 
of unit two salient advantages of modern tube-still installation, 
simplicity and flexibility, were not realized. 


Mu ttipLe-Tower 


Sometime ago the many advantages of single-flash over suc- 
cessive-flash vaporization were realized, and the trend was im- 
mediately in the direction of the single-flash operation. A paper 
by Leslie and Goode in the April issue of the Journal of Indus- 


trial and Engineering Chemistry summarizes very clearly the 
comparative results of a carefully conducted investigation of 
vaporization, which checks the results obtained in commercial] 
installations during the past three years. Concurrent with 
existing practice the multiple tower unit, as shown diagrammati- 
cally in Fig. 2, without the heat-exchange flash tower, was the 
immediate result. The principle of partial condensation for the 
removal of latent heat at several points is illustrated. This 
method of heat removal might well be replaced by a plan in- 
corporating a single point of latent-heat removal and arrange- 
ment for pumping back from the bottom of each tower to the 
top of the preceding, but has not been resorted to because of the 
complicated pumping operation. The outstanding disadvantages 
of the step-up unit, limited flexibility and complexity of control 
whether the partial condensation or condensate pump back 
principle was utilized, were inherited by this type of unit. Pro- 
gressive steps have been made in the direction of combining some 
of these towers and arranging for side streams. The complete 
reduction to a low-bottoms product might be conducted in two 
steps only with a flash tower for each tube still and one side 
stream from each tower, but here we have a duplication of con- 
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Fie. SINGLE-FLASH SinGLe-Tower Unit 


trol and lose the inherent advantage of single-flash vaporization it 
attempting to obtain a minimum of residuum or encounter the 
necessarily higher temperature for a given type of bottoms cy 
inder stock. 
THe Sincie-Tower Unir 

The next logical step is apparent—the development of « single 
tower unit as shown on Fig. 3, which can be considered as de 
rived by placing the series of towers one on top of the other 
We can then utilize the condensate pump-back principle {" 
each stream and take advantage of the gravity flow of reflux 
eliminating the pumping difficulty except. for the pump back t 
the top tray where the entire reflux liquid is originated. Such * 
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unit includes only the one source of latent-heat removal, and there- 
fore a single opportunity for a vapor heat exchanger, all other 
exchanger units being for sensible heat only. The argument 
commonly voiced against this arrangement is the fact that the 
main source of heat exchange is at a relatively low heat head, 
requiring more surface, and because of the low entering vapor 
temperature the ultimate heat recovery is limited. To meet this 
argument we might consider the installation of heat exchangers 
for the condensation of the several streams at points intermediate 
tothe top and bottom, as shown diagrammatically in Fig.4. When 
distilling normal Mid-Continent crude oil at a temperature of 
800 to 825 deg. fahr. with Navy gasoline from the top of the tower 
it is possible to recover by the first method about 35 per cent 
of the heat input of the tube still, and by the second method 
possibly 45 per cent. The complexity of the second arrange- 
ment indicates its impracticability; whereas the first is entirely 
practicable, simple of control, and flexible. To make the second 
arrangement capable of handling several crudes with varying yields 
of the several products would necessitate the overdesign of each 
intermediate partial condenser to care for the maximum possible 
cooling requirement, which immediately indicates that the 
argument of economy of heat-exchange surface is subject to 
question. Also, it might be noted that of course the whole 
10 per cent extra heat recovery would not be realized because of the 
added stack losses, which would reduce this by about one-half. 
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Ficg.4 Tower INTERMEDIATE PARTIAL 


CONDENSERS 


Obviously, the unit incorporating the single point of latent- 
heat removal possesses many advantages as compared to others. 
With a proper type of side-stream control, there remain only two 
important points of control for the production of any set of prod- 
ucts, the tube-still outlet temperature and the top-of-tower 
vapor temperature. The first is easily controlled by hand regu- 
lation of firing with oil, gas, or pulverized fuel, provided the 
charging rate is maintained reasonably constant. Both are 
susceptible to the application of standard automatic control 
equipment. 

Inasmuch as the size of the tower is dictated by the top heat 
load, this type of unit is extremely flexible. The ratio of the 
Various streams may vary widely without affecting the operation 
or overloading any part of the unit while bringing the unit up 
‘0 its top heat capacity, which with one set of products or a 
certain total vaporization may correspond to twice the through- 
put with another vaporization. It should be noted also that with 
the single set of heat exchangers, condensers, and coolers for the 
‘op vapor stream designed for the lowest anticipated outlet 
temperature at capacity, the same equipment will be in balance 
for any higher outlet vapor temperature. 
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As an example, a unit designed for, and operated with, a 
throughput of 5000-6000 bbl. of Oklahoma crude with the vapori- 
zation of 95 per cent, has also been operated as satisfactorily and 
efficiently with a throughput of 9000-10,000 bbl. of the same 
crude with the vaporization of 50-60 per cent. Obviously, the 
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Resipuum 
Charge, 2250 bbl. per day; operating temperature, 525 deg. fahr.; process 
steam, 12 Ib. per bbl. of charge. 
Products: Top of tower, gasoline (57.8 A.P.I.); side stream, kerosene 
(43.9 A.P.I.); side stream, gas oil (39.1 A.P.I.); bottoms, residuum (29.1 
A.P.1.). 
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Fic. 6 Distittation Curves, PENNSYLVANIA CRUDE, CYLINDER- 


STocK OPERATION 
Charge, 1900 bbl. per day; operating temperature, 725 deg. fahr.; 
steam, 15 lb. per bbl. of charge 
; Products: Top of tower, gasoline; side stream, kerosene and gas oil; 
side stream, wax distillate; side stream, slop wax; bottoms, cylinder stock. 
Sp. Gr., Viscosity Flash, Fire, 
A.P.T. at 100 deg.fahr. deg. fahr. Pour 
235 400 490 90 
Cylinder stock.... . 5 205 570 660 30 


process 


charge in each case contained the same percentage of gasoline. 
This variation would not have been possible with a set of mul- 
tiple towers with partial condensers, such as Fig. 3, with the 
last tower designed for gasoline from the top since this tower 
would have been loaded with a throughput of 6000 bbl., even 
though gasoline only were removed. 

Side streams, as commonly removed directly from the tray, pos- 
sess the characteristic ‘‘tail’’ or small percentage overlap of the 
next lighter fraction, due among other things to vapor contamina- 
tion as a result of condensation in the flow line. This can be re- 
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moved by the introduction of very small amounts of steam into 
a satisfactory stripping chamber located either inside or just 
outside the tower, but more satisfactorily.and economically 
within the tower. The same purpose cannot be accomplished 
as easily or with the same fuel input by a conventional reboiler. 
Such a stripping arrangement is absolutely essential in producing 
lubricating distillates to flash specification. 


TypicaL DiIsTILLATION CURVES 


Typical distillation curves of the products from Pennsylvania 
crude, processed in a single tube still-single tower unit, are shown 
in Figs. 5and 6. The unit was originally designed for an opera- 
tion producing long residuum and Fig. 5 indicates the type of 
products which were obtained. The two side streams, kerosene 
and gas oil, were removed from interior stripping chambers and 
indicate the absence of the “‘tail” referred to previously, as well 
as the close boiling range streams possible by close fractionation. 
Incidentally, the ability to remove a 60-70 deg. boiling-range 
naphtha with an end point of 430-440 deg. fahr. demonstrated 
on another unit of this type, proves a decided advantage when 
a maximum yield of export gasoline is desired. 

The same unit is now being operated to produce cylinder stock, 
and Fig. 6 shows a typical set of distillation curves for the several 
products. It should be noted that with the limited number of 
trays in the tower, it has proved advisable to remove the kerosene 
with the gas oil from the normal kerosene stripping chamber. 
The pressing stock is being removed directly from a tray, and 
the wax slop from the normal-gas-oil stripping chamber. Steam 
is introduced into the bottom of the tower to bring the cylinder 
stock to flash. No steam was used in either stripping chamber 
from which the gas oil-kerosene and wax-slop streams were re- 
moved. In spite of this, the absence of the ‘‘tail’’ or overlap on 
the lighter stream will be noted. Unfortunately, no distillation 
on the slop stream was available. With steam in the stripping 
chamber, the initial of the gas oil-kerosene stream is normally 
about twenty degrees above the gasoline end point. The total 
quantity of steam used in the tower, approximately three-tenths 
of a pound per gallon of crude or about twelve pounds per 
barrel, is superheated in a separate convection coil in the tube 
still. 

The production of pressable wax distillate is no longer subject 


to question. This operation is being successfully carried out on 
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both Pennsylvania and Mid-Continent crudes. The yields 
straight from the crude, due to absence of cracking, are at least 
as great as by the old method of operation, including the re- 
running. We realize that the pressability is not dictated by 
gravity or viscosity essentially, or by the so-called “cracking” 
operation, but by the boiling range. It is obvious that viscosity 
and gravity could be the same for a long-boiling-range or a short- 
boiling-range distillate with the same average as cut from the 
crude, but the one might contain wax which would interfere 
with the sweating. It becomes of primary importance to take 4 
distillate with the highest possible end point and necessarily of 
constant specification to insure maximum yield. In operating 
the single-tower unit, as stated before, two temperatures must 
be maintained constant to insure the constancy of these streams— 
the tube-still outlet and the top-tower vapor outlet. With this 
type of tower unit, as with every other, the specification of any 
one stream cannot be changed without affecting one or the other, 
or both, adjacent streams unless an intermediate cut is removed. 
This fact is not peculiar to this type of unit but this type of unit 
with the proper tower construction is peculiarly well adapted to 
the removal of such an intermediate stream with a minimum of 
difficulty and delay. 

As a matter for consideration from the efficiency point of view, 
the fact that steam is introduced only in the tower and not in 
the tubes of the tube still, permits the utilization of the exhaust 
steam from the pumping equipment as a source of supply for 
the superheater. 


SUMMARY 


In summarizing, it might be stated that with the efforts of 
refinery engineers in the direction of simplification of the cistilla- 
tion operation and equipment, the single-tower unit looms as 
the solution of a previously complex problem. The contingent 
problems which must receive careful attention are: 

1 The selection of a simple, accessible, practicable |:eat-re- 
covery system, perhaps at a sacrifice of a few B.t.u., but eliminat- 
ing the duplication of controls and possible variation of inlet 
temperature to the tube still. 

2 The simplest, but properly sealed, piping arrangement. 

Throughout the entire design the engineer must carry foremost 
in mind a point of paramount importance to the modern refinery, 
particularly the smaller ones, and that is flexibility. 
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The Construction and Protection of Oil and 
| Natural-Gas Pipe Lines 


By W. H. T. THORNHILL,'! TULSA, OKLA. 


After calling attention to the magnitude of the underground 
systems required for the transportation of oil and natural gas, the 
author considers in detail the methods employed in field construction, 
dealing successively with surveying the route, purchasing and pre- 
paring the right of way, “stringing” the pipe along the route, welding 
pipe joints, excavating the ditches, lowering of line into the ditch, 
laying all-coupled lines, etc. He then takes up the subject of river 
crossings, following which he discusses at length methods of pro- 
tecting pipe lines from soil corrosion, and the principal requirements 
which a good protective coating should meet. Such a coating, 
the author states, provides reasonable insurance against the destruc- 
tion of large investments in permanent underground pipe lines. 


HE building of oil and natural gas-pipe lines is one of the 

most interesting and fascinating forms of construction 

work in existence. Probably this is on account of the 
constantly shifting nature of the work as it progresses, the fact 
that speed is always the primary object, and furthermore that 
it usually involves a more strenuous battle with nature than is 
customary in other types of construction. 

A preliminary map of a projected pipe line is a straight line 
between two points. Deviations are made with great reluctance 
and only because of some major topographical condition, such as 
the elimination of hazardous river or creek crossings, avoidance 
of cities, towns, or densely populated areas, as well as mountains 
or canyons, or on account of difficulties of obtaining the necessary 
right of way. It is surprising how often a completed pipe line is 
practically a straight line between its terminals. 

It is certainly true that the average citizen, when buying a 
gallon of gasoline or lighting the gas stove, has no knowledge of 
what has been accomplished in order to make these necessities of 
modern life so readily available. Most engineers, unless they 
happen to be in contact with work of this kind, also have very 
little knowledge of the subject, and therefore it may prove in- 
teresting if a brief description of the building of such lines is 
given. 

Oil pipe lines are built to transport oil from producing areas to 
refineries, ship terminals, or loading racks along railroads. Natu- 
ral-gas pipe lines of the type under consideration are built 
from producing areas to large cities to transport the gas for 
domestic and industrial use as fuel. 

Very few persons have any idea of the magnitude of these 
operations, and a few figures may be of interest. 


Macnirupe or Pipe-Line TRANSPORTATION SysTEMSs 


There are approximately 90,000 miles of main and gathering 
oil lines, about 75,000 miles of main natural-gas lines, and 81,000 
males of manufactured-gas lines, the total approximating the 
railroad mileage of our country. These lines constitute an 
underground railroad system that is one of the largest and least- 
known transportation organizations in the world. The various 
lines are similar to a railroad system in that they comprise trunk 
lines, gathering or feeder lines, terminals, parallel lines on the 
same right of way, storage yards, switching systems, stations, 


“a Mid-Continent District Manager for the Wailes, Dove-Hermis- 
orp. 


‘ Presented at a meeting of the Kansas City Section of the A.S.M.E., 
May 22, 1928, 
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dispatchers, and telegraph and telephone lines. Unlike rail- 
roads, however, only a single commodity is handled. 

Oklahoma and Texas oil is pumped to refining centers either 
on the Gulf Coast or on the Atlantic Coast, about half-way 
across the continent. If all the crude oil moved in a year by 
the various pipe lines were loaded in tank cars, it would require 
a train 40,000 miles long, or one and two-thirds times the cir- 
cumference of the earth. 

Over $800,000,000 is invested in oil pipe lines alone, without 
considering the approximately quarter billion of dollars required 
each year to maintain and extend them. 

In projecting the construction of a new oil line such factors are 
involved as the production in sight, gravity of the crude, length 
and size of the line necessary, daily production of the well or 


Fig. 1 Pire Line Extenpine Up Canyon 
Watt 500 Fr. 


field to which the line is to be constructed, the probability of the 
production’s being maintained over a long period, the possibility 
of the producing area’s being extended, etc. The factors entering 
into the construction of a new natural-gas line are also varied, 
but in general they require a study of the possibility of an 
adequate gas supply over a long period of years, the feasibility 
and cost of construction and operation of the pipe line, the 
necessity of a dependable market diversified in character, the 
cost of the gas, and other similar items. Furthermore, the cost 
of the project over the shortest route must be balanced against 
any possible markets along other longer and more expensive 
routes. 

The various elements of the design of the pipe line and its 
auxiliary features will not be touched upon here, but a description 
will be given of the methods used in the actual field construction. 


Meruops UseEp IN ConsTRUCTION 


The first necessity, after the preliminary map of the project 
has been made, is to run a survey in order to determine the best 
route for the line. Frequently several surveys are made and a 
final choice of one is determined after a study of the various 
conditions involved. 

Next comes the purchase of the necessary right of way, which 
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Pipe- or welded joints, with a tendency toward all-welded lines today 
Most of the main lines are 8 or 10 in. in diameter, with some [2 jn 
Natural-gas lines are usually coupled or employ a combination oj 

condemnation. coupling and welding. <A few all-welded gas lines have heey 
The actual construction work is now ready to proceed, and — built. Serew-jointed lines are never used for gas because of thy 
nd i the first or right-of-way gang goes ahead along the course of the extensive leakage. A welded gas line has been found to hay 


proposed pipe line, removing trees, stumps, undergrowth, and less leakage than one of any other type, but in most instances 
the engineers fear breaks due to contraction. Main lines for 


large natural-gas systems usually vary from 16 to 24 in. in out- 


often follows closely behind the making of the survey. 
line companies always endeavor to come to a reasonable agree- 
ment with land owners, and very seldom exercise their right of 


grading wherever necessary. 
i “Stringing” the Pipe. Arrangements have previously been 
= made with the pipe companies to ship a certain designated 
number of carloads of pipe to certain railroad stations most 
nearly accessible to the proposed pipe line. Distribution of this 


side diameter. 

The sequence of the remaining operations varies according t 
the type of construction. For an all-welded oil line, the nex 
operation is welding. This is done by oxyacetylene flame 
although several small lines have been electric-are welded. — A; 
acetylene generator is mounted on a four-wheel truck and moved 
along the right of way as the welding proceeds. Each generator 
will supply enough gas for about six welders. Oxygen cylinders 


are also “strung” along the line. 


‘a The ustial practice is to have several different gangs of welders 
x for each construction camp, among whom the welding is divided 
; For instance, one arrangement is to have one gang, known as t! 
“firing line,’ to weld from 2 to 4 joints. This is followed by 
“swing gang’ who weld these sections into 400- to 500-ft. lengths 
Then follow the “bell hole welders” and bending gang, who ti 
the whole line into a completely welded unit, make all bends 
necessary for curves in the line and to follow the grade, and py 
in railroad, creek, and highway crossings. 
Each joint of pipe is cleared out with a swab, in order to be sur 
there are no obstructions in the completed line, and at night ¢! 
open end of the completed pipe is closed with a plug in order t 
‘ prevent animals from entering the line. 
Ditching. The trench in which the line is to be placed s 
SS excavated by means of a ditching machine, of which there ar 
i various types. Ditches are dug to a depth that will leave abou 
= 16 to 24 in. of soil on top of the pipe. This depth is sufficient t 
Fic. 2. Pipe-Line Ditcu rw Rock Across SMALL 
Srream anp Up Canyon WALL 


pipe from these railroad stations is called “stringing.” It is 
necessary that the pipe be handled so that it will not be damaged, 
ce and also that it be accurately ‘“‘strung”’ along the right of way so 
that the construction crew will not be obliged to do any extra 
3 work in hauling joints forward or backward. Sufficient pipe is 
stored at each road crossing to span the gap. 


of 


ke “Stringing” pipe is one of the most interesting jobs in pipe-line keep the pipe line below the usual plowing depth on farms s& fla 
laying, and usually it is let out to a firm making a specialty of also below the frost line, so that the temperature changes throug! 

id this kind of work. The transporting of the pipe, as well as the out the year will be very slight. Ditching machines are usus it | 

i other materials required, is a very real problem. Quite fre- run night and day in order to keep ahead of the construct Th 

quently the pipe line passes through scarcely populated sections crews. In case rock is found, the usual practice is to blast " ' 

where there are few or no roads, and in many cases roads have Occasionally topographical conditions will not permit a ditchiat BS du 

to be built. machine to operate, in which case hand ditching must be resor® on 

Wherever possible, motor trucks and trailers are utilized. to. pas 

a When these are not practicable, mules and heavy wagons are The line is then placed above the ditch on wooden skits, re” aft 

‘ substituted. Sometimes these cannot get through, as in the case for painting and lowering. In some cases where cold pail! *— © dar 

ap of swamps, and oxen are used. There are cases where pipe and _ used to protect the line against soil corrosion, the applicatio® "B® ligt 

x other material have been hauled 80 miles or more over very made before the line is entirely welded together. The Eq 

ie difficult country. practice, however, is to paint the line after it is over the ditch ® dar 

Welding Joints in Pipe Lines. Oil pipe lines have either screwed just prior to lowering, in order to reduce the possibility of damst ma 
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to the paint coating toa minimum. When a skid is encountered 
the line is temporarily lifted in order to paint the pipe. 

Lowering of Line into Ditch. This must be carefully done in 
order not to put any undue strain on the pipe which will cause 
it to break. The practice is to remove some of the skids, sup- 
porting the line in the meantime on a pipe windlass, and then 
slowly lower this portion into the ditch. By repeating this 
operation the line is successively lowered in short stretches 
without damage. 

Pipe lines are naturally subject to expansion and contraction 
underground, due to the temperature changes of the soil in con- 
tact with them. Expansion causes no particular trouble, but 
ontraction, on the other hand, will result in breaks. As no 
expansion joints are used on an all-welded oil line, provision for 
this contingency is made by lowering the line in the cool, early 
morning hours, and allowing as much “‘slack”’ as the conditions 
seem to require. Frequently the line is also swung from side 
to side in the ditch in order to allow it to contract without danger 


Fico. 4 Open Ditcn 24 In. Wipe anv 46 In. Deep, 


Pipe aNp Covuptines “Strune”’ Besipe Ir 
of breaking. 
flat country. 

After the line is lowered, the backfilling gang fill the ditch so 
. is heaped up with the dirt previously removed by the ditcher. 
This work is done mechanically in several different ways. 

There is now work for the “right-of-way damage man.” All 
during construction, fences have been removed for short sections 
on farms or gates opened by each gang, in turn, to facilitate the 
passage of men and equipment. Sometimes these are not closed 
after a particular gang has passed, allowing stock to escape and 
(lamage crops. Ditches at road crossings may not be properly 
lighted at night, resulting in accidents to persons or livestock. 
{upment strays from the right of way occasionally, causing 
‘lamage to crops. Tile on tiled farms is broken by ditching 
machines. These are only a few illustrations of occurrences that 


This is an added precaution when a line is laid in 
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make life interesting for the damage man. It is surprising, for 
instance, what an extraordinary value a tree acquires in the eyes of 
an owner if a few branches are injured during construction work. 

Laying All-Coupled Lines. An all-coupled or a coupled-and- 
welded gas line is built with a slightly different sequence of 


Fic. 5 Apptyinc Hor Coat-Tar-Pitcu ENamet To LINE 
To Protect Ir AGAInst Sort CoRRosION 
operations. After the pipe is “‘strung,’’ the welders come along 


and usually weld together two or three joints of pipe. If an 
all-coupled line is being built, this operation is of course not 
required. Then the ditcher comes along, followed by the paint- 
ers. Painting is done alongside the ditch. The single or welded 
joints, as the case may be, are then coupled together over the 
ditch and made gastight, the couplings and pipe surface im- 
mediately adjacent to them are painted, and the line is ready for 
lowering. 

On gas lines of this type, the lowering closely follows the 
coupling. If long stretches were coupled before lowering, some 
of the movement of the joints in the couplings, due to lowering, 
would likely be increased above normal, with the result that the 
line would pull out of the coupling. If this did not occur, there 
would certainly be more strain on some couplings than on others, 
and a leaky joint would result. As each coupling is an expansion 
joint, no slack is required, but the lowering must be very gradual 
and very carefully done so that the coupled joints will not be dis- 
torted enough to leak when the gas is later turned into the line. 
Usually on a large-diameter line five or six frames, called ‘‘horses,’’ 
are spaced along the line successively at each joint. Ropes from 
these “horses” to the pipe support the latter as the skids are 
removed. These ropes are gradually slacked off their supports 
to lower the line. The “horses’’ are continually being moved 
from the back end of the lowering operation to the front as the 
lowering progresses. Before lowering, men go along in the 
ditch to remove any dirt, stones, rocks, etc., that may have 
fallen into it after the ditcher passed. An all-welded line, such 
as an oil line closely follows the contour of the country over which 
it passes, but much more care is required in laying a coupled gas 
line to secure a more even grade with only gradual and easy 
changes in the profile. 


River Crossings 


River crossings for pipe lines usually present the worst and 
most difficult construction problems. Special gangs are assigned 
to this work and are independent of the other construction forces. 

River crossings provide the greatest hazard to the continuous 
operation of the completed line. It is therefore customary 
practice, especially in the case of gas lines, to install multiple 
lines. Sometimes as many as six multiple lines are placed across 
an important river as an insurance of uninterrupted service in 
case breaks occur in flood times. 
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Manifolds or headers, with valves, are placed on each side of 
the river at positions which records indicate will be above the 
highest water likely to exist during floods. The multiple lines 
across the stream are then connected to these headers. For some 
of the shallow sand rivers of the Southwest, these manifolds 
may be one and one-half miles apart. 

It is essential to prevent the river lines from moving after 
they are laid in position, as otherwise a break will likely occur. 
The usual practice is to attach a casting weighing from 800 to 
1600 Ib. and known as a river clamp to the pipe at each welded 
joint. This strengthens the joint and provides sufficient weight 
to cause the line to settle to the river bottom and embed itself. 
Sometimes as an added precautionary measure a collar leak 
clamp is also placed over the weld and the river clamp placed 
over it. 

Extra heavy pipe is used for these river crossings. Double- 
length pipe is employed, and all lines, whether gas or oil, are 
usually welded. River-crossing lines for large-diameter gas 
pipe are smaller in size than the main line; generally 12-in. is 
used, but the total capacity of these smaller multiple lines is 
somewhat in excess of the main line. 

If a navigable stream is to be crossed, the Federal Regulations 
provide that the lines must be buried a certain depth below the 
river bed. This requires dredging of trenches for the various 
multiple lines and subsequent backfilling after the line is laid. 

For crossing wide navigable rivers, the best practice is to lay 
the line from a barge. As the barge is pulled by a boat along the 
course of the pipe line, successive joints are added, river clamps 
are attached, and the line is painted and then carefully lowered 
into the river trench. Several sets of lowering pontoons or an- 
other barge, following the first one, are used so that the lowering 
of the line does not put it under too much of a strain. A diver 
inspects the line after the work is completed to make certain 
that it has been properly done. 

On short navigable rivers, creeks, or sand rivers, the crossing 
lines are prepared on the shore in as long sections as can be 
handled and then pulled across into the desired position for each 
one. 

All river-crossing lines are bowed upstream to reduce the 
possibility of breakage in service. The height of the are of the 
bow may be as much as 1000 ft. for a wide river crossing. 

In some cases crossings are carried over rivers by special 
bridges constructed solely for this purpose. This method has 
seemed necessary in the case of some of the Southwestern sand 
rivers on account of the shifting nature of their bottoms, quick- 
sands, and similar conditions difficult to combat otherwise. 


GANGS REQUIRED AND THEIR SIZE 


In constructing a pipe line, several complete gangs, each with 
a full set of equipment, are placed in the field at different points 
in addition to the river-crossing gangs, and the construction work 
proceeds simultaneously along the different sections. The 
number of gangs will depend largely on the time available for 
completing the work, size of line and type of construction, con- 
struction difficulties expected, etc. Sometimes six to fifteen or 
more gangs are in the field at one time, all working on the same 
project. 

The number of men required varies with the conditions. 
Usually the number of men in each gang for a welded oil line will 
be from 50 to 100, and for a gas line of large diameter, up to as 
high as 300. 

Because of the shifting nature of the work and the wild country 
usually encountered, tented camps are utilized and moved fre- 
quently. The men are conveyed back and forth to the work 
each day in trucks. Unless state laws prohibit, work is carried 
on seven days a week. The camps are carefully supervised to 


keep them sanitary. An abundance of good food is served, with 
plenty of variety. This is always an important point as the 
work uses up a great deal of energy and men quickly become 
discontented if the living accommodations are poor. 

During the construction of the pipe line, pumping or com- 
pressor stations, depending on whether the line is intended for 
oil or gas, are built by a separate organization. An effort js 
made to have these completed by the time the line is finished go 
that the entire project can be placed in service immediately. The 
design, number, and location of these stations are given very care- 
ful study so that the most economical operating conditions will 
be realized. In general, pumping stations are located every 40 
miles or more on an oil line, and compressor stations about 
every 100 miles on a gas line. It is also the usual practice to 
build a natural-gasoline plant in connection with a gas line. 

An oil line pumps from tanks at one station into the tanks at 
the next one. The movement of the oil is really a succession of 
individual movements, although all are occurring simultaneously. 
In effect, therefore, the movement is continuous. 

A gas line is different as no holders are used. The pipe line 
itself acts in the capacity of a holder. The gas never leaves the 
line, and each compressor station acts as a booster to push it 
along. 

Oil lines operate at pressures around 700 to 900 lb. per sq. in., 
and gas lines around 300 to 500 Ib. per sq. in. The maximum 
pressure is at the discharge side of the station, and drops off to 
the minimum at the intake to the next one. It is genera! prae- 
tice to use heavier pipe for some distance on the discharge side 
of a station than is used for the main line. Some oil lines are 
also constructed of smaller-sized pipe for this part of the line. 


PROTECTION OF LINES AGAINST SoIL CoRROSION 


After a line is built the problem which is giving executives of 
pipe-line companies the most concern is its proper protection 
against deterioration from soil corrosion. It should be borne in 
mind that the line is completely buried and out of sight, so that its 
condition cannot be readily observed. Any structure above 
ground can be easily watched, and the problem of maintenance 
against corrosion is a simple one. Usually the failure of a pipe 
line from corrosion is not known until a break or leak occurs. 

C. R. Weidner, chief engineer of the Prairie Pipe Line Com- 
pany, recently estimated that the loss to the pipe-line owners from 
soil corrosion amounted to at least $100,000,000 annually. Some 
engineers believe that this figure is conservative and that the 
loss is really greater; however, it will convey some idea of the 
importance of the problem of preventing losses to pipe lines 
from this cause. 

The problem is complicated by the fact that soil corrosion is 
a most complex natural phenomenon. Instances of cifferences 
in rates of corrosion under apparently identical conditions are 
frequently encountered and baffle any attempt at explanation. 
It is nothing unusual to discover severe corrosion in a portion 0 
a joint of pipe, while the rest of it, located apparently in the 
same soil and subjected to the same weather conditions, is stil 
in good condition. Frequently the same thing is true of paralle 
lines lying within a few feet of one another. In one case a line 
laid hurriedly with no thought given to any feature of its co! 
struction except getting it into service as quickly as possible, W% 
in far better shape after eight years than a parallel one laid with 
great care four years later. These illustrations could be multi 
plied many times and are simply mentioned to indicate to som 
extent the puzzling nature of the problem. 

In many cases unprotected underground steel pipe shows 
appreciable signs of corrosion for some time, when suddenly 4 
decided increase in the rate of corrosion results in a rapid dete 
rioration. There are cases known where a line was apparently! 
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good condition four or five years after installation, but three 
years later was in such bad shape from soil corrosion that re- 
placement was necessary. It is therefore realized that in many 
cases even a periodical examination of a buried unprotected line 
is no positive assurance that early failure will not occur. 

Of the various methods that have either been proposed or put 
in practice to combat this condition, the one that seems to be 
the most practical and is now in the widest use is the application 
of a protective coating to the outside of the pipe. 

There are differences of opinion regarding the various theories 
of soil corrosion. Every one is agreed, however, that if moisture 
or other electrolyte can be insulated from the pipe surface, there 
will be no resulting corrosion. The real corrosive agents are 
the solutions of the soil surrounding the pipe and not the soil 
itself. The problem, then, is to provide a satisfactory material 
which will prevent any of the soil solutions from coming in 
contact with the steel and continue to prevent it, not only for 
a short time after the application, but for years to come. 


REQUIREMENTS OF A Goop PROTECTIVE COATING 


The main requirements of a good protective coating for per- 
manent installations will now be considered. These require- 
ments are not merely theoretical but are based on a long-time 
experience with this type of work. They are: 

1 It must be waterproof. 

2 It must be unaffected by soil acids and alkalis. 

3 It must have good adhesion to the pipe surface and maintain 
its adhesion. 

4 It must not disintegrate with age due to internal changes of 
a chemical nature. 

5 It must be incapable of absorption by the soil in contact 
with it. 

6 It must not be affected by underground temperature changes. 

7 It must be a dielectric, in order to offer protection against 
electrolysis. 

8 It must be capable of practical application in the field, and 
at a speed that will not retard the progress of the pipe laying. 

9 It must be unaffected by ordinary handling in the field 
after application and not damaged by lowering into the ditch. 

10 It must have a substantial thickness on all surfaces. 

11 It must have been in actual use long enough to show 
actual long-time records of satisfactory performance on steel 
pipe underground. 

12 The cost of using it must be such as to more than justify 
its use. 

The requirement that the protective composition must be 

waterproof is obvious. Many protective compositions are 
waterproof when first applied, but subsequently this character- 
istic is destroyed and the material loses its protective value. 
A good many bituminous paints contain water, not from design 
but because no effort has been made to eliminate it. Other 
materials are manufactured with water acting as a vehicle. It 
would seem doubtful practice to place a material containing 
water on a steel pipe line if one of the primary objects in making 
such an application is to exclude water. 
If soil acids and alkalis should have an effect on the coating, or 
it should lose its adhesion and come off the pipe surface or dis- 
integrate from internal chemical changes, there would naturally 
be no advantage in using it for protective purposes of a permanent 
nature. The use of such a coating would be not only of no ad- 
Vantage, but a positive disadvantage, because it would lose its 
Protective value in spots, at which corrosion would be concen- 
trated, and extensive pitting would result. Such a line would 
Probably last longer if no protective coating was used in the 
first place, because the corrosion would be distributed and not 
concentrated. 
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Pipe lines move underground due to temperature changes. 
Good adhesion of the coating to the steel surface is therefore 
absolutely essential and must be more than sufficient to meet 
this condition; otherwise the coating will be torn loose from the 
pipe, with resulting failure of the pipe from corrosion. 

It is also obvious that the coating must not be susceptible to 
absorption by the soil in contact with it. Some coatings are 
affected to a considerable extent in this respect by certain types 
of soil. In general, a soft coating is much more susceptible to 
this trouble than a hard one. 

There is always a variation in ground temperature from winter 
to summer. This variation naturally depends on the extremes 


Fic. 6 Layrne 20-In. Gas Line From Pampa, Tex., 
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of atmospheric temperature as well as on the depth at which the 
line is buried. In addition the velocity, composition, and 
temperature of the oil flowing in the pipe line are factors. Ac- 
cordingly a protective coating must possess a temperature range 
greater than the underground-temperature variation to be 
expected in the pipe on which it is to be applied; otherwise the 
coating will either crack at the low temperature of the variation 
or become soft enough at the high temperature to sag and flow 
off the pipe surface. Usually the underground-temperature 
variation from the low to the high point in the Mid-Continent 
field is about 40 to 45 deg. fahr. Some protective compositions 
desirable in other respects have a temperature range of only 
about 45 deg., but it is possible to obtain a material of a similar 
base with a temperature range of approximately 80 deg. A 
desirable factor of safety is provided in choosing the latter com- 


position. 
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Oil and natural-gas pipe lines are seldom troubled with stray- 
current electrolysis in view of the fact that they avoid cities 
and other congested areas. However, for gas or water distribut- 
ing systems in the cities this is a live problem; consequently it 
is necessary that a coating be a dielectric to combat this con- 
dition satisfactorily. 

Invariably in laying a pipe line, speed is the most important 
consideration. Therefore a satisfactory coating must be capable 
of application as fast as the other work progresses. Weather or 
field conditions over which no one has any control enter into 
the problem of application of any protective composition. This 
feature will be discussed later. 

Pipe-line construction is rather rough work owing to topo- 
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graphical conditions and transportation difficulties, and _ its 
shifting location prevents the same carefulness usually exercised 
in other construction work at a fixed location. The pipe coating 
after application must therefore be capable of withstanding rough 
handling without serious injury, otherwise it is hardly practical. 
In recent years better tools and more careful methods for han- 
dling the pipe have been developed, but with the best of care there 
will likely be some damage to the coating. Therefore it must 
also be capable of being easily and quickly repaired. The harder 
coatings without brittleness, but with the best adhesion, fulfil 
the handling requirements better than the softer ones. Atmos- 
pheric temperatures during the time the line lies above the ground 
must also be taken into consideration. Practically all protective 
compositions are black, which color has been proved to absorb 
heat. A coated pipe at an atmospheric temperature of around 
100 to 110 deg. will more than likely have a temperature of around 
140 or 150 deg. Consequently the coating must not be affected 
by this temperature to such an extent that it will sag or run off. 
If this condition should exist, it is common practice to apply a 
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coating of whitewash over the protective composition. If, on 
the other hand, the work is done in cold weather, the coating 
must not crack either before or during the time the pipe is lowered 
into the ditch. 

A coating may possess all the desirable requirements previously 
mentioned, but if it cannot be readily applied so that a thickness 
of at least '/,. in. or more will be obtained, the protection will not 
be permanent. It is practically an axiom that physical thickness 
is absolutely essential for permanence. For this reason paints 
applied cold, which usually have a film thickness of from 0.005 
to 0.01 in. per coat, cannot be considered as a permanent pro- 
tection. Such paints dry by evaporation or oxidation, the 
result in either case being pinholes and hairline cracks in the 
film. These openings allow the corrosive agents to reach the 
metal, with the result that corrosion spreads under the coating 
and eventually pushes it off. Corrosion is consequently con- 
centrated at these points of weakness and more pitting probally 
results than if no coating had been applied. Field tests of such 
materials usually show poor results and indicate their unsuit- 
ability for permanent work. If soil conditions are extremely 
favorable, some measure of protection will be secured from cold 
applications, but it is being generally recognized that for per- 
manent work underground it will be necessary to adopt some 
material applied hot. 


' APPLICATION OF PROTECTIVE COATINGS 


The hot coatings available are manufactured with either an 
asphalt or a coal-tar-pitch base. Some of the available coatings 
require a wrapping of asbestos or wool felt, while others are 
applied without any wrapping. 

In building up a substantial coating it is obvious that a better 
result will be obtained if a satisfactory thickness is secured from 
one application of hot material than if several applications alter- 
nating with a wrapping are employed. In the first case a thick, 
homogeneous coating of one material results, and only one appli- 
cation besides the priming coat is required. Wrapped coatings, 
on the other hand, require from three to five applications in 
addition to the priming coat, and as a result the possibilities of 
errors, mistakes, carelessness, etc., in making the application are 
increased in a corresponding degree. Very careful field work and 
rigid inspection are necessary to prevent wrinkles, folds, and 
sags in the coating. Various methods of cutting the wrapping 
material and applying it have been developed, and it is true that 
better work is being done now than formerly. However, as it is 
possible to make a single application of a satisfactory hot coating 
with a thickness of approximately '/,» in., it is doubtful whether 
wrapping is necessary to fulfill the requirement of thickness. 

It is not practical to wrap the couplings on a gas line, but this 
drawback has been overcome in some cases by placing a paper 
or fabric form around the coupling and filling it completely with 
the protective composition. This method is expensive and not 
very satisfactory, because leaks are hard to repair. 

Wrapped coatings are more expensive than unwrapped ones. 
especially if more than one ply is used. 

There are a great number of different compositions offered 
today for protective purposes. Experience has indicated, how- 
ever, that bituminous compounds, which include asphalt and 
coal-tar materials as a base, are the important ones. Each o! 
these basic materials has its advocates, and therefore a discussion 
of their advantages and disadvantages may prove of value. The 
asphalt compounds used in the past for the underground coatings 
have not given consistent and reliable results. In some cases 
results seem to be satisfactory, while in others the material seems 
to have disintegrated and lost its protective value. Sometimes 
these contradictory results have taken place under conditions 
that seemed to be identical. Apparently leaching occurred, 
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leaving a hard, brittle material. This eventually becomes 
cracked, usually with only fine hairline cracks, but sufficient to 
allow moisture to reach the pipe. With wrapped coatings the 
same thing has occurred with the outer coating of asphalt. 
Moisture then reaches the wrapping, eventually softens it, and 
causes it to sag away from the bottom of the pipe. This results 
in a pocket containing water and causes extensive pitting. 
Hundreds of miles of pipe line coated in this way, which from a 
superficial examination were considered to be in good condition, 
were later found to be badly pitted along the bottom of the 
pipe. A coal-tar-pitch-base compound is being recognized 
today as a superior material for underground protection against 
corrosion. It meets all of the requirements mentioned above for 
the ideal pipe coating, provided the choice of the raw materials 
entering into its manufacture is based on sufficient experience 
and knowledge of the physical characteristics of the various 
pitches and their reaction in combination with the other ma- 
terials involved in the manufacture of the coating. Most coal- 
tar pitches, however, have a very narrow plastic temperature 
range and are unsuitable in many cases for use underground if 
the variation in ground temperature exceeds the temperature 
limitations of the material. It is possible, though, to compound 
a protective composition of an all-coal-tar-pitch base that is not 
subject to this narrow temperature range, and therefore, in 
choosing a coating of this type the question needs careful 
consideration, 

It should be borne in mind that there are literally hundreds of 
coal tars and coal-tar pitches with widely different physical as 
well as chemical characteristics. Some are absolutely of no 
value, while others only fulfil some of the requirements of a good 
coating. The same is true of asphalts. Most of these composi- 
tions are simply by-products, and are worthless for the purpose of 
permanent underground protection. Therefore the fact that a 
material is designated as having a coal-tar base, with nothing 
available in the nature of performance records, does not mean 
anything. An enthusiastic coal-tar advocate will find many 
good asphalt products far superior to some poor coal-tar compo- 
sitions, and vice versa. 

Many bituminous compositions suffer chemical changes with 
age, which is one reason why laboratory or accelerated tests are 
not conclusive. Such tests have a value in that they will elimi- 
hate materials of little merit, but there is no test known which 
will predict the condition of the material in, say, ten or fifteen 
years. Compositions that pass a test may later prove unsatis- 
lactory on account of subsequent deterioration. 

The only satisfactory test is a real service test on a pipe line in 

the field, preferably in the worst soil conditions. Some com- 
panies maintain a “graveyard” for testing. Cinders, salt, sulphur, 
manure, and similar well-known corrosive agents are mixed with 
the soil, and then coated pipe is buried in the mixture, which is 
kept wet. It has been found that the life of coatings in actual 
service will follow very closely the results predicted by such a test, 
and consequently it has real merit. 
Fortunately, there is a growing tendency on the part of pipe- 
line men to recognize that a satisfactory job consists of two 
main factors: proper material for the purpose, and also proper 
application. Money spent for the best pipe coating in the 
world might just as well be thrown in the ditch if the applica- 
tion is not carefully and properly made. 
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The principal requirements in the application of a coating are 
that the pipe surface must be absolutely clean and dry. All 
dirt, dust, loose mill scale, rust, grease, oil, or moisture must be 
removed before any protective composition is applied. This is 
imperative and applies not only to the main pipe surface but, in 
the case of a coupled gas line, to all surfaces of the couplings. 
The best way to clean a pipe line, new or old, is by means of a 
portable pipe-cleaning machine. It is just as important that 
the pipe be dry as that it be clean. It is therefore evident that 
weather and field conditions have considerable bearing on the 
application. Some officials positively prohibit the application 
of any protective coating if the pipe is dirty, wet, or frosted, 
realizing that no coating can be expected to adhere under these 
conditions. 

Field cleaning has been considerably reduced recently and the 
chances of a more satisfactory pipe coating job secured by 
specifying that the pipe be given a preliminary coat of the priming 
solution before shipment from the pipe mills. The extra cost of 
this preliminary coating is slight and either wholly or to a large 
extent offset by the reduction of field costs in cleaning. This 
preliminary field application will not be of much value as a prim- 
ing coat for the hot material, and should be followed in the field 
by the customary first coat of priming solution before the hot 
coating is applied. 

The cost of any protective coating must be such that the 
expected protection or increased life of the pipe will more than 
justify its use. For permanent lines it is justifiable to spend more 
money than for temporary ones. Conversely, it is not economic 
to purchase a high-priced material intended for permanent work 
if the line is only to be in service for a short time. 

In general. costs will be about as follows: For paint applied 
cold, 1 to 3 per cent of the total cost of the line; for thick 
unwrapped coatings applied hot, 5 to 9 per cent of the total cost 
of the line; and for wrapped coatings, 10 to 15 per cent of the 
total cost of the line. Pumping stations or compressor stations 
are not included in the total cost of the line. The variation in 
cost is due principally to dissimilarity in location, topography, 
field and weather conditions, and also to whether the owner, 
general contractor, or coating manufacturer makes the applica- 
tion. Asarule it will cost more if the coating manufacturer does 
the work, for the reason that he supplies a separate organization 
which necessitates a duplication of trucks, camps, and com- 
missaries. He must also regulate the speed of application to 
conform with both the laying and ditching. This often necessi- 
tates delays or disorganization in his schedule of operations, with 
a resulting increase in cost. The owner or general contractor can 
maintain a much better schedule by shifting labor from one opera- 
tion to another. 

When it is realized that the cost of reconditioning a line is 
usually about three times that of applying a satisfactory protec- 
tive coating, it seems desirable to adopt the policy of coating all 
new lines, whether or not the soil conditions are known to be 
corrosive. Eventually all lines not properly protected may be 
expected to fail from corrosion and from nothing else. Since 
there is a lack of complete knowledge regarding the complex 
problem of soil corrosion, and it is impossible even approxi- 
mately to predict the life of an unprotected line, a good protective 
coating provides reasonable insurance against the destruction of 
large investments in permanent underground pipe lines. 
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One Example of Centrifugal Pumps for 
Petroleum Transportation 


By FLOYD E. WARTERFIELD, JR.,1 MUSKOGEE, OKLA. 


This paper deals with the problems involved in one specific in- 
stallation of motor-driven centrifugal pumps for pipe-line work. 
The author describes conditions prior to the installation, and gives 
the reasons for the selection of centrifugal pumping units, as well as 
actual construction and operating costs so far as possible. He also 
discusses the effect that the experience gained from the installation 
described may have on the future use of centrifugal pumps in pe- 
troleum transportation. 


ECENTLY there has been much agitation as to the rela- 
tive merits of pumping equipment. A great many com- 
parisons have been made upon purely assumed conditions. 

It is unfortunate that there are so few actual data available, 
upon which to base a direct comparison between different classes 
of equipment, or between different equipments of the same class. 
The elements entering into pipe-line ‘‘cost analysis’’ are, for the 
most part, hard to determine; and when once determined, hard 
to evaluate correctly. Because of this difficulty, some one or 
more of the component parts are only roughly approximated or 
else omitted entirely. Every pipe line or station presents its 
own particular set of problems, and it is wholly unfair to assume 
that whatever may serve in one case would work equally well in 
any other. Before a true comparison can be made between any 
two stations, the whole story should be told, and the existing 
conditions in each made absolutely plain. 

In view of the foregoing statements, this paper will confine 
itself largely to the problems involved in one specific installa- 
tion of motor-driven centrifugal pumps for pipe-line work. It 
has for its purpose, first, the presenting of the conditions prior to 
the installation; the reasons for the selection of the centrifugal 
units; and so far as possible, actual construction and operating 
costs; and second, the effect that the experience gained from 
this one installation may have upon the future use of centrifu- 
gal pumps in petroleum transportation. 

The data and information have been furnished through the 
courtesy of the Oklahoma Pipe Line Company, and the installa- 
= referred to is the one known as their Henryetta Station 
(Fig. 1). , 

Initially, a 10-in. line had been built between their Crom- 
well and Council Hill Stations, to provide an outlet for a portion 
of the oil produced in the Seminole Area. The line was designed 
to handle 32,000 bbl. of oil per day at 480 lb. pressure. The 

| gravity varied from 35 to 40 deg. A.P.I. and had an average 
viscosity of about 48 sec. Saybolt Universal at 60 deg. fahr. 
Some concern was felt as to whether there would ever be sufficient 
production for the line to operate at its maximum capacity. But, 
as frequently happens in pipe-line work, the line was hardly com- 
pleted before it was found necessary to effect an immediate in- 
| Crease in the delivery to Council Hill. 

The guide chart shown in Fig. 2 is introduced for the purpose 
of showing one method that may be employed for the rational 
j selection f pumping equipment but will be discussed only so 
far as it applies to the equipment selected at Henryetta Station. 
_ Production from a new field is almost invariably well in ad- 

/ vance of all storage and pipe-line facilities. Seminole was cer- 


} 1 Oklahoma Pipe Line Company. 
S Presented at a meeting of the Mid-Continent Section of the 


pAS.ME,, Tulsa, Okla., December 1, 1927. 
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tainly no exception. As is always the case in caring for a sudden 
increase in output, the element of time becomes the one item 
of paramount importance. 

To attempt to determine, even approximately, the maximum 
production of a field, the time required for it to reach a settled 
figure, or even what this amount would be, is most certainly 
a hazardous undertaking for any one. However, it was generally 
believed that the added capacity, so far as this case was con- 
cerned, represented a peak load that would only be handled 
for a maximum of six months. At the end of this time the load 
would have fallen to the original value of from 30,000 to 32,000 
bbl. a day. 

It is customary to compare equipment, and in some instances 
(where ample time will permit) to select it on the basis of the 
“unit cost per barrel of oil pumped.’’ Even under ordinary 
conditions ‘time of operation” is hard to determine. ‘Time 
of operation”’ refers to the length of time the equipment shall 
operate, and is a very important item in the unit cost figure. 
Under the stress of ‘do it now” it seldom, if ever, receives the 
consideration that it should. It is generally the case that com- 
parative analyses, and more especially where the time for the 
increase is short, are forced to neglect ‘‘fixed charges’ and the 
equipment is selected on the basis of the “time required for de- 
livery.’’ Unit-cost comparisons are investigated at some future 
date. 

There was adequate pump capacity at Cromwell Station for 
the proposed increase and the problem was to find the quickest 
way in which the delivery could be made to Council Hill. It 
was a case of either looping the line or constructing an inter- 
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Ling Co. 


mediate booster station. No line pipe was available, and even 
if there had been, with an adequate amount of time in which 
to lay it, the expenditure of $528,000 would not have been justi- 
fied, for the short time it would be used. In order to effect the 
ultimate increase that has been realized, approximately 37.6 
miles of 10-in. pipe, laid from Council Hill and parallel to the 
old line, would have been required. Computations for a booster 
station placed it at a point quite close to an existing high line, 
and electric power could be obtained quickly and easily. 
Immediate delivery could be made on motor-driven centrifu- 
gal units, and as a whole conditions seemed to be ideal for their 
use. It was realized that the operating cost would be high, 
but with due consideration for the time saved and the low fixed 
charges, it was thought that the high rate could be profitably 
paid for the short time the units would be in service. 
Accordingly there were installed two automatic compensator- 
controlled 300-hp. 440-volt General Electric induction motors, 
driving two Byron-Jackson 6 X 17'/; four-stage centrifugal 
pumps arranged in series and running at a full-load speed of 1750 
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r.p.m. Following isa summary of the installed cost of the present 
completed station. As will be explained later, certain changes 
were made in the motors. The cost given does not include the 
expense of making these changes but is given as though the 
present equipment had been initially installed. 


1 Pump-house building and incidental construction, i.e., 


small storehouse, roads, walks, grading, fencing, etc... $ 3,500 
2 Pumping equipment to include pumps, motors, switch- 
boards, foundations, wire, and miscellaneous......... 16,000 


3 Other station equipment, to include 5000-bbl. surge tank, 
gages, pipe, gates, and miscellaneous fitting and connec- 
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and keeping the station in an operating condition. When it 
was found that the pumps would deliver this quantity of oil, 
and that the line capacity was adequate, it was thought advisable 
to correct for the overload on the 600 hp. of motors by installing 
two of 400 hp. each and operating at 2300 volts. 

The increased delivery is explained by the fact that the weather 
was warm and the oil run fresh from the field at a temperature 
of 75 deg. fahr. On test the oil showed an average gravity of 
38 deg. and a S.U. time of 46 sec. In addition there was actually 
155 ft. of fall between Henryetta and Cromwell that was only 
approximated in the original calculations. In order to protect 
the motors as much as possible the station was run with a wide- 
open header gate during the cooler hours of the day, and under 


Guidt CHART FOR THE SELECTION OF EQUIPMENT FOR AN JNCREASE IN CAPACITY 


| Limited time to provide for increase | 


Load | 
| 


Peak Load } 


| Ampie time to provide for increase 


| Uniform Load | 


| 


Short time operation 
(Not to exceed 2 years) 


Intermediate time operation 
(Not to exceed Syears) 


Long time operation 
(Above 5 years) 


| | | 


[Power Available | |No Power Available |No Power Avoilable | 


|Power Available | 


| | 


Diesel Engine 
Plunger Pump 


Motor Driven Pumping Motor Driven 
Centrifugal Equipment Plunger Pump 
Pump Units | Looped Lines| on hand | Looped Lines | 


Units | Looped Lines | Units 


| 


| 


|No pipe on hand | [Pipe on hand | 


| Pipe on hand | INo pipe on hand | 


| Pipe on hard] |No pipe onhand | 


[Time required for delivery | 


reguired for delivery | 


[Time reguired for delivery 


Barrel of O1l Pumped | 


| Unit cost per 


Fixed Charges | Operating Charges | | Salvage Valve | 


|First Cost | |Depreciation | [Maintenance] |Taxes| [ Labor | [Power or Fuel] |Miscel.| Depreciated Value—Salvage Cost | 


in terest on Investment | 


Note :- Peak Load, regarded as a sudden increase from an unsettled field or surplus 
Uniform Load, regarded as a fixed increase per day from settled field or other carrier. 


Fig. Guipe Cuart ror Use IN SELECTION oF PumpinGc EquIPMENT FOR AN INCREASE IN CAPACITY 


Local construction conditions for this station were far above 
the average. If an estimate should be required for a similar 
installation remotely located and built under adverse conditions 
a figure of $30,000 would be approximately correct. 

The installation was designed for the adverse operation usually 
experienced in winter pumping and was to deliver 44,000 bbl. 
of 38-deg. A.P.I., 75 sec. Saybolt Universal oil, at a pressure of 
580 lb. Much satisfaction was experienced when the station 
was started the latter part of April, and it was found that the 
capacity exceeded that calculated for the assumed conditions. 
The increased delivery was very much needed, yet it could only 
be realized at the expense of a very severe overload on the mo- 
tors. This caused no small amount of trouble in maintaining 


this condition delivered around 50,000 bbl. per day at a line pr 
sure of 535 lb. For the remainder of the time the gate 
pinched down in order to raise the head and decrease the !0® 
on the motors, with a consequent reduction in delivery. 

At the present time the oil has a line temperature of about" 
deg. fahr., with a S.U. viscosity of 52 sec. When the hesi# 
gate is wide open, the delivery is around 51,500 bbl. per day® 
580 lb., and no troublesome temperature overloads have dv velo 
such as were experienced with the 300-hp. motors. 

The following is the result of a brief test made by represe®* 
tives of the Oklahoma Pipe Line Company and the Oklaho™ 


Gas and Electric Company to determine the approximate ™ _ 


chanical efficiency of the pumps: 
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TEST OF OKLAHOMA LINE COMPANY'S HENRYETTA 
STATION, MAY 31, 1927 
Equipment 
Two 300-hp. motors, 1750 r.p.m., 3-phase, 6-cycle, 440-volt 
Two 6 X 17!/: 4-stage Byron-Jackson pumps arranged in series 


Electrical Data 


SupstaTion Tests, 2300-Vo.tT or Turee 2300/440, 200-Kva. 
TRANSFORMERS 


Kw. R a/c Kva. Kva. Power factor Transformer losses 


592 296 662 89.5 22 
Avge. Avg 92 per cent 
amp. volts motor 


per per Power Kw. Hp. effy., 

phase phase factor input input b.hp. 

High-duty pump.... 420 448 89.5 290 388 357 
Low-duty pump.... 405 448 89.5 280 375 345 


570 763 702 
Oil-Pipe-Line Data 


Line pressure Bbl. perhr. Viscosity Temp. oil, Hydraulic 
Suction Discharge 12m.tolp.m S.U.deg. deg. fahr. hp. 


12 555 2057 46 75 466 
466 
Efficiency of pump 702 xX 100 = 66.2 per cent 


Nore: A 5000-lb. working tank was installed and the suction 
pressure of 12 lb. was due to the height of the oil above the level of 
the pumps at this period. The header gate was pinched down and 
the pressure given is between the discharge of the high-duty pump 
and the header gate. 


The actual money expended for operation during the months 
of May, June, July, and August is as follows: 


1 Maintenance: 


a Material for repairs............ $ 99.34 
2 Transportation Operation: 
a Station, labor, regular.......... 3,307 .42 
b Casual labor and misc. (i.e. waste, 
lamps, brooms, etc.)........... 470.12 
50.53 
d Power (1.03 cent per kw-hr.).... 14,984.44 18,812.51 
Total barrels of oil pumped during period TEETTETTELLL 5,464,002 .2 
Average number of barrels pumped per kilowatt-hour......... 3.75 
Operation and maintenance cost alone, per bbl., cents....... 0.3575 


With the foregoing figures as a basis, maintenance is 3.65 per 
cent of the total transportation cost and is at the rate of 7.8 per 
cent per year on the present investment of $27,500. This rate 
of 7.8 per cent is not a true figure; it should be slightly higher 
due to the fact that the present investment is greater than it 
was at the time the maintenance figures were taken. It must 
be remembered that the maintenance cost of $712.83 applies 
toa time when the station was being placed in operation and that 
many things were done that would be avoided in the future. 
Considering the heavy overload that was placed on the motors, 
itis not unreasonable to assume that the operation was abnormal 


in every particular. The present 400-hp. motors have not been 
, 'n operation long enough for a true figure to be determined, but 
indications are that it will not exceed 3 per cent of the total 


cost as a yearly maintenance cost. 

. In order to arrive at an exact cost per barrel of oil pumped 
it 'S hecessary to take into account the item of fixed charges. 
For this purpose, the useful life of the station is assumed to be 


| 20 years and the functional depreciation to be taken care of by 
> Setting up a 4 per cent sinking fund to provide for replacement. 
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Interest on the total investment is at the rate of 6 per cent, and 
taxes 3 per cent. 
PUMPING COST 


(Four months operation) 
Fixed Charges 


Interest on investment.................. $550.00 
$ 1,845.63 
Operating Charges 
Labor, power, and miscellaneous................... $18,812.51 
Unit cost per barrel of oil pumped, cents................. 0.3780 


A comparison between the actual cost at Henryetta and an 
estimated cost for a motor-driven plunger-pump station of about 
the same capacity may not be entirely correct, but if all the items 
are considered some idea of the respective operating costs can 
be obtained. 


50,000-BBL. TWO-UNIT BOOSTER STATION WITH MOTOR- 
DRIVEN PLUNGER-PUMP UNITS 


1 Pump-house building and incidental construction....... $12,000 
2 Pumping equipment, to include two 300-hp. motors di- 
rect connected to two 25,000-bbl. triplex plunger 


3 Other station equipment, to include working tank and all 


The station is assumed to deliver an average hourly amount 
of 2085 bbl. of 37-deg. A.P.I., 52 sec. S.U. oil through 25 miles 
of single 10-in. line at a pressure of 580 Ib. Efficiency of the 
pumps, 85 per cent, and of the motors, 93 per cent. The useful 
life is assumed to be 20 years, with depreciation taken care of 
by a 4 per cent sinking fund to provide for replacement; main- 
tenance and taxes taken at 3 per cent and interest on the total 
investment at 6 per cent. Computations based on 730 hours’ 
operation at a flat rate for power of 1.03 cent per kw-hr. 


Fixed Charges 
Interest om $ 375.00 
$ 959.87 
Operating Charges 
Gtation $ 525.00 
Incidental labor, lubricating oil and mis- 
cellaneous material for operation....... 300.00 
3,500.09 
$4,325.09 
Total barrels of oil pumped in 730 hours............... $1,522,050 
Unit cost per barrel of oil pumped, cents................... 0.3471 


This would indicate that the plunger-pump station would 
operate 0.0309 cent, or 8 per cent per barrel cheaper than the 
centrifugal units. However, for short-time operation, if the 
centrifugal units could be delivered and installed quicker, this 
difference can be disregarded. 

That a working tank is unnecessary is a point frequently ad- 
vanced in favor of the centrifugal pump. There are instances 
wherein this is true, but the unqualified statement will not hold 
for all cases. For example, the pumps at Cromwell Station were 
all of the plunger type, and in case of an enforced and unfore- 
seen shutdown at Henryetta, immediate and very destructive 
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pressures would be built along the line. To safeguard against 
this emergency, relief valves had to be placed on the discharge 
lines from the pumps at Cromwell. There is no question that 
relief valves do afford some measure of protection, but by 
no means should they be regarded as positive insurance against 
accident. Further difficulty was experienced at Henryetta due 
to the low-duty pump pulling a vacuum and hence working at 
a decided disadvantage. A surge tank was the only logical so- 
lution to the troubles, and in addition to providing adequate 
safety, insured a well-filled pump. Positive local control has 
everything in its favor, and present experience indicates that 
a working tank will merit the added expense and should most 
certainly be installed. 

If conditions in the future should be similar to those described 
for Henryetta Station, there is no doubt that a centrifugal 
installation would be made. In addition to some of its other 
advantages, the series arrangement of pumps is very desirable. 
When their main-line service is terminated they may be used 
as individual units on local-station work where only a temporary 
installation is required. Not only are the units compact and 
comparatively light, and hence can be transported easily, but 
they require a minimum foundation and housing space and can 
be installed more quickly than any other unit of even greater 
capacity. 

A serious drawback to the centrifugal pump, and especially 
with small quantities at high heads, is its low mechanical effi- 
ciency. When coupled with an electric motor as a prime mover, 
the rate that can be paid for power must necessarily be as low 
as possible. Because of this low efficiency, the power companies 
should not be expected to compensate for it by furnishing power 
ataloss. Neither should the power companies penalize the pipe 
lines because they use the electric motor—in itself a remarkably 


efficient piece of equipment. It is almost time for the rate 
makers to adjust their demand and standby charges to fit true 
conditions. Apparently sufficient consideration has not been 
given to the fact that pipe-line work is the exact opposite of an 
industry. The pipe line in general begins with a peak and grades 
downward; the industry usually starts with a minimum and 
works toward the peak. It is doubtful if one rate can ever be 
conceived that can apply equally to both classes of loading. 
Centrifugal- as well as plunger-pump manufacturers naturally 
desire the best possible efficiencies for their products, and com- 
petition will keep them striving for improvement. Whether 
they succeed or fail, before the electric motor can retain its 
rightful place in oil-field work some change must be made in 
power rates. It is realized that the whole method is relatively 
new and that present rates may be the nature of an experiment; 
yet unless there is some revision, power companies are in danger 
of finding themselves with ample equipment on their hands for 
service—and no customers. 

Pipe lines have been constructed wherein all stations used 
motor-driven centrifugal pumps entirely, but it is unlikely that 
this practice will meet with much favor in the Mid-Continent 
Field when the rates that must be paid for power are seriously 
considered. 

The data that have been presented for this one installation 
should not be used as a criterion for the acceptance or rejection 
of the centrifugal unit. Although not entirely defined, the cen- 
trifugal pump does have a real place in petroleum transporta- 
tion, and its use under certain conditions will not only be con- 
tinued but increased. However, it must be remembered that 
each installation is to stand on its own feet, and that the selec- 
tion of any pumping equipment must be made on the basis of 
existing circumstances. 
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Pumping Problems in Paper Mills 


Trash Pump of Recent Design That Does Not Clog When Handling High-Density Paper 
Stock nor Pull the Water Away From the Pulp 
By HELMER N. ANDERSON,! ST. PAUL, MINN. 


is that of handling paper stock, particularly where the 
consistency is 3 per cent or higher. The handling of 
5, 6, and 6'/2 per cent paper stock is one that has caused paper- 
mill engineers considerable concern. For many years vertical 
triplex single-acting stuff pumps were used, then centrifugal pumps, 
and finally the non-clogging Wood trash pump came into service. 

The vertical triplex stuff pumps are of the outside-packed 
plunger pattern. The water passages are extremely large and 
so designed as to give continuous flow. They are usually 
equipped with large bronze ball valves, which give an easy flow 
of the paper stock. Triplex stuff pumps have the advantage of 
being positive-acting machines. The result is that any paper 
stock that flows into the pump is practically certain of being 
pumped out. The pump will not clog easily, and being of the 
positive-displacement type, it will naturally free itself and clear 
the discharge line in the event that either tends to clog. The 
efficiency is quite high, resulting in low power consumption. 

This type of pump has several disadvantages, however. In 
the first place, the capacities are low, so that, for example, if a 
total capacity of 2500 gal. per min. is desired, it would be neces- 
sary to install a battery of four or five stuff pumps. This makes 
the initial investment quite high, and the floor space required is 
sometimes enormous. In the second place, mechanical diffi- 
culties are experienced owing to wearing of gears, replacement of 
crossheads, pinion-shaft bearings, crankshaft bearings, and crank- 
pins. In the third place, some difficulty is encountered in pump- 
ing the liquid. Oceasionally, exceedingly large particles or 
stringy, fibrous substances accompany the paper stock, and these 
clog the suction line or the suction-valve passages. Particles 
which remain on the valve seats are pounded into hard chunks, 
which results in poor paper. It is thought that the small trans- 
parent spots in high-finish papers, known as “‘shiners,’’ are possibly 
the results of such masses of pulp. 


QO NE of the most difficult pumping problems in paper mills 


Use or Open-IMPELLER CENTRIFUGAL Pumps 


Centrifugal pumps with enclosed impellers are used in some 
paper mills in place of the stuff pumps. The openings are small, 
with the result that the impellers clog. These pumps are not 
satisfactory for paper-mill pumping. Centrifugal pumps with 
open impellers were then designed and furnished for paper-mill 
work. 

The theory of the open-impeller pump (Fig. 1) is that side 
plates are built into the casing, the pump being furnished with a 
double suction or single side-suction open impeller, and then any 
fibrous materials tending to clog would be caught between the 
impeller and the side plates, thus being cut up into fine enough 
particles to pass through the pump. The open-impeller centrif- 
ugal pump gives fairly good satisfaction, particularly if the 
percentage of paper stock is 3 per cent or less. This type of 
pump has the advantage of low initial cost and in addition will 
handle large capacities with fair efficiency, low power consump- 
tion, and a minimum of floor space. Furthermore, the speeds 


: Manager Pump and Electrical Dept., Fairbanks, Morse & Co. 

Contributed by the Printing Industries Division for presentation 
> the Summer Meeting, St. Paul-Minneapolis, Minn., August 27 to 

1928, of Taw American Society oF MECHANICAL ENGINEERS. 


of the pumps adapt themselves for ready direct connection to 
electric motors. 

The disadvantages of this type of pump are that the impeller 
vanes in the eye of the impeller are sharp, causing paper stock 
to lodge in the throat. More paper stock will pile up behind 
this, and finally the pump will become clogged. Any multivane 
centrifugal pump of the conventional type has a low shut-off 
head, and therefore the pump will not clear itself once it starts 
to become clogged. When paper stock is handled heavier than 
5 per cent, the water tends to separate from the stock when it 
is being pumped. Therefore, care must be used to keep the 
passages straight, uniform, and with the least number of separate 
channels. The conventional open-impeller pump usually has 


Fig. 1 CoNnvEeNTIONAL S#HARP-BLADE OpEN DovusLe 
Suction, Sipe PLates 
(At the left is shown the side view, and at the right is a sectional view.) 


five, six, or seven vanes. This tends to split the fluid into so 
many separate passages that the water separates from the paper 
stock, causing the pump to discharge water and some stock, 
but leaving a portion of the paper stock to pile up in the suction 
openings. 

One of the recent developments in pumps for handling paper 
stock is the Fairbanks-Morse Wood stock pump. This machine, 
known as the Wood trash pump, was designed by Mr. A. B. 
Wood, of the New Orleans Sewerage and Water Board. Mr. 
Wood has had considerable experience in the very unusual sew- 
age-pumping problems of the City of New Orleans, La. These 
convinced him that the standard open-impeller centrifugal pump 
was not satisfactory for the pumping of sewage and other large 
particles owing to the fact that it clogged continually. Mr. 
Wood set out to develop a pump that would pass solids prac- 
tically as large as the discharge and suction openings of the pump 
and that would handle large solids, twigs, rags, roots, string, 
and other fibrous material without clogging. He desired a 
pump with a very steep head-capacity characteristic and with a 
strong coughing action. This would tend to build up sufficient 
pressure before the flow would stop so as to clear the discharge 
line and pump any particles through that might tend to clog. 
He also desired a unit that would be readily cleanable in the event 
that extremely large, irregular particles became stuck in the pump 
and one that would develop a reasonable efficiency over a wide 


range of capacities. 
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First Wodép TrasH Pump 


Mr. Wood's first trash pump was a 14-in. unit installed for 
dredging a sawmill logging pond at Laurel, Mass. This pump 


gave unusual satisfaction, and the only difficulty encountered 


Fie. 2. Woop Pump IMPELLERS 


Fie. 3 Section or Woop Pump 


Fic. 4 Horizontat Traso Pump Drrect-Connectep To 


was that the pump endeavored to pick up particles larger than the 
suction pipe would handle. Such trouble could have been elim- 
inated had a cutter-head or agitator been used to break up the 
trash. Mr. Wood then designed a 22-in. trash pump and installed 
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it on the dredge Texas, the property of the Atlantic, Gulf & 
Pacific Company, and leased to the Board of Port Commissioners 
of New Orleans. The pump was driven by a 750-hp. engine, and 
the complete outfit was placed in operation excavating a cana] 
through a cypress swamp. 

Mr. Wood, after these two experimental efforts, then designed 
and built Wood trash pumps in sizes from 3 in. to 30 in. A large 
number of these pumps were installed in the City of New Orleans, 
in the Sanitary District of Chicago, and in other large lift stg- 
tions and sewage disposal plants throughout the country. Hoy. 
ever, there is little to indicate that any of these pumps were 
originally used for handling paper stock. 

Fairbanks, Morse & Co., a little over three years ago, secured 
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Fic. 5 ComMparATIVE PERFORMANCE OF A 4-IN. Woop Pump ax 
A 6-In. Pump Havinae Two-Biape Open IMPELLER 


Fic. 6 New Type Woop Paper-Srock WitTH IMPELLER 
Buapes TAPERED TO THE CENTER 


the manufacturing and selling rights under the Wood patents an¢ 
also obtained the consulting engineering services of Mr. Wood 
Thereupon its sales organizations presented many new até 
interesting industrial problems for the application of Woo 
pumps, among the most important of which was the pumping 
paper stock. 

To all outward appearances, the Wood trash pumps resemble 
the standard side-suction centrifugal pump intended for hea) 
duty, but the impeller is radically different. It has two vane 
so designed as to give absolute mechanical and hydraulic balanet 
At the entrance, the blades are rounded and the sides or shrouts 
are filleted, so that throughout the impeller water ways there 3" 
no sharp edges, corners, or projections on which materials ™! 
catch or clog. The blade gradually tapers to a narrow edf 
at the outer periphery of the impeller, and the blade and periph 
ery are very smooth (Fig. 2). 
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PRINTING INDUSTRIES 


The tapering action of the impeller blade, with its low dis- 
charge angle, exerts a powerful action on fluids and materials 
that are being discharged. This crowds out any substance 
which might tend to clog in the pump; even large solids of irreg- 
ular shapes are easily expelled. A given particle of material 
is in contact with the impeller a relatively long period of time. 
This gives the Wood pump an extremely sharp characteristic 
curve. The shut-off head is usually double the head at the point 
of maximum efficiency. 

Since the impeller is of the enclosed type, foreign matter does 
not come in contact with stationary side plates such as are 
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better than that of the 6-in. open-impeller pump, the capacity 
of the 4-in. pump being practically the same as the 6-in. 


TENDENCY OF WATER TO SEPARATE 


After several Wood pumps had been applied to the pumping of 
paper stock, it was found this type eliminated many of the difficul- 
ties, except that when handling 6 or 6'/, per cent paper stock the 
water tended to separate from the stock. When coarse materials 
such as bagasse are being pumped, this tendency to pull the 
water away from the stock is very pronounced. This was given 
serious study by Mr. M. B. MacNeille, manager of the pump 


Fie. 7Z An 8-In. Woop Pump 75-Hp. Motor at Eppy Paper Company, Turee Rivers, Mica. 


necessary on the older style of open-impeller centrifugal pump. 
The liquid is promptly discharged through one of the large ports 
directly into the volute. A saving in power with increased 
efficiency is thus effected on this type of pump (Figs. 3 and 4). 
An easy way of visualizing the action of the Wood trash pump is 
to consider an ordinary pipe tee whirling, drawing the liquid 
into the center and discharging it from both ends of the tee. 

Fig. 5 shows the comparative performance of a 4-in. Wood 
pump and a 6-in. open-impeller pump of the older design. Both 
pumps are equipped with impellers 11 in. in diameter and both 
Were tested at a speed of 1750 r.p.m. by the same Sprague dy- 
hamometer. The solid lines indicate the characteristic of the 
4+in. Wood pump and the broken lines indicate the characteristic 
of the 6-in. open-impeller pump. 

It is interesting to note that the 4-in. Wood pump has a shut- 
off head of 140 ft. as compared with a 99-ft. shut-off head as 
made by the open-impeller pump. The wedging action owing to 
the long tapered vanes of the Wood pumps is the cause of this 
larger shut-off head. The efficiency of the 4-in. Wood pump is 


division, Fairbanks, Morse & Co., Chicago, and by Mr. Wood, 
and they came to the conclusion that the heavier stocks, such as 
high-density kraft, could be handled more effectively if the im- 
peller blades were brought back into the impeller eye and tapered 
to the center of the hub. The blades could then take hold of 
this heavy material in the very center of the shaft and imme- 
diately begin forcing it outward toward the periphery (Fig. 6). 
This new type of impeller has been found very effective. 

A large number of the new Wood pumps with the special stock 
impeller have been placed in operation. One interesting instal- 
lation is an 8-in. pump direct-connected to a 75-hp. 720-r.p.m. 
motor installed in the Eddy Paper Mill at Three Rivers, Mich., 
for pumping stock from a stock chest to a battery of beaters 
(Fig. 7). This unit is in daily use and has never had a shutdown 
caused by clogging, although the stock is not particularly clean. 
The material handled is of various grades; frequently, the con- 
sistency has been over 6 per cent. The total head pumped 
against, including friction, is 65 ft., and tests have shown dis- 
charges considerably in excess of 2500 gal. per min. at this head. 
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Fie.9 A 6-IN. Woop Pump at BoGaLusa 


Fie. 10 A 4-In. Woop Stock Pump 1n Use at Brown Paper Company Piant, Monrog, La. 
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Paper Company, BoGatusa, La. 
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The Flambeau Paper Company, Park Falls, Wis., has installed 
a 6-in. horizontal Wood paper-stock pump, direct-connected to a 
25-hp. 900-r.p.m. motor. This pump operates against a 70-ft. 
head and handles 6 per cent stock very satisfactorily. The Wal- 
dorf Paper Products Company, St. Paul, Minn., recently in- 
stalled a 6-in. Wood trash pump arranged for belt drive to a 
jineshaft. This pump handles 5 per cent paper stock effectively. 
It delivers 750 gal. per min. against 110-ft. total head which in- 
cludes pipe friction losses. 

Another problem encountered in paper stock pumping is the 
determination of the correct size of motor required to drive a 
pump when handling stock of a certain density under a given set 


of conditions. The power requirements depend upon many fac- 
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tors, some of which are uncertain at present. The capacity 
desired and static head, or vertical lift, are easy to ascertain. 
However, the friction losses in the pipe lines are unusually dif- 
ficult to estimate. Friction tables are available on stocks 4 per 
cent lighter, but friction losses of heavier stocks must be esti- 
mated. For that reason, pumps with steep characteristics will 
usually prevent the disappointment of obtaining a pump which 
delivers less capacity than desired. If a pump with a flat char- 
acteristic is installed, a few feet more or less may cause the 
capacity to be seriously reduced, or else to be considerably 
greater than required. 


Recent Tests SHow HorsEPOWER REQUIREMENTS 


Recently a series of tests were run at the Thilmany Pulp & 
Paper Company at Kaukauna, Wis., on an 8-in. Wood paper- 
stock pump. A chart has been prepared showing the com- 
parative performance of this pump handling stock of various 
consistencies as compared with the pumping of water (Fig. ). 
This chart is an interesting study, and undoubtedly the relation 
will hold more or less for other sizes of pumps. The maximum 
horsepower required for pumping water exceeds that required 
for pumping any consistency of paper stock. This may seem 
unreasonable, but it must be remembered that the capacity of the 
pump is limited directly in ratio with the heaviness of the stock. 
The obvious conclusion is that if the size of motor is determined 
from the maximum horsepower required when pumping water, 
then no danger from overloads can result, regardless of the con- 
sistency of the stock pumped. As more experiments are carried 
out, more accurate means of determining friction losses and horse- 
power requirements will result. 

The Bogalusa Paper Company, Bogalusa, La., recently in- 
stalled a 3-in. Wood stock pump direct-connected to an enclosed 
Ventilated motor. This pump delivers 400 gal. per min. of lime- 
Soda solution against a total head of 40 ft. This same company 
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has a 6-in. Wood stock pump direct-connected to a 25-hp. ball- 
bearing squirrel-cage motor, which handles 300 gal. per min., of 
6 per cent sulphite kraft stock against a 72-ft. head (Fig. 9). The 
Brown Paper Company, Monroe, La., has a 4-in. Wood stock 
pump working under unusually severe conditions. This pump 
is direct-connected to a 10-hp. ball-bearing squirrel-cage motor. 
It handles lime sludge and caustic liquor. Fig. 10 shows the 
installation of this unit. 

The experience encountered in paper stock pumping, to- 
gether with suggestions and reports given by various paper-mill 
engineers, have resulted in some additional refinements. The 
casing on new stock pumps is being split on an angle of 45 de- 
grees so as to facilitate quick inspection. The impeller may be 
constructed with three vanes where required. Finally, a pulp 
seal is now being furnished on all wood stock pumps, so as to 
prevent pulp from working into the stuffing box. 

Considerable information on paper-stock pumping is still neces- 
sary, particularly knowledge of power requirements. The most 
economical sizes and kinds of piping, together with friction losses 
encountered in the pumping of heavy paper stock, have yet to be 
determined. The most important is the friction of the material 
itself and it is hoped that additional data and research work will 
be available in the near future. 


RESUME OF ADVANTAGES 


The Wood trash pump has the advantages of the triplex stuff 
pump in that the efficiencies are good and the power consumption 
is low. It has eliminated the mechanical troubles such as re- 
placement of gears, valves, pinion-shaft and crankshaft bearings, 
and plungers, also the difficulties owing to clogging in the passages 
and to valves pounding portions of the paper stock into lumps. 

The Wood trash pump also has the advantages of the cen- 
trifugal pump in that the capacities handled are large, the floor 
space required is small, and the investment is not excessive. 
The Wood paper-stock pump will not clog when pumping high- 
density paper stock, string, and other foreign particles such as 
hats, rags, and sticks, which are encountered in certain classes 
of paper-stock pumping. With the new type of tapering vanes, 
no further difficulty owing to the separation of water from the 
stock is encountered. 


Discussion 


M. M. Kuosson.? This paper was heard with pleasure, first 
because of the writer’s interest in all pumping problems, and 
second because of his connections with one of the oldest centrifu- 
gal-pump manufacturers making extensive investigations of 
various perplexing pumping problems, one of which has been the 
pumping of high-density stock. This company manufactures 
the non-clogging and also the standard open and enclosed im- 
peller, single and double suction, solid and split-shell types of 
paper-stock pumps, and from experience the writer finds that 
this paper may give some wrong conceptions of the actual results 
obtained with different types of paper-stock pumps. 

This company manufactures all the various types of pumps, 
and therefore makes no effort to urge any one particular type, but 
instead recommends the type of pump best suited for the par- 
ticular conditions of each installation. Each type of pump has 
certain advantages which must be considered in order to obtain 
the most satisfactory and economical pumping unit. 

The non-clogging pump, such as the Wood design mentioned 
by the author, has no special advantages, in a majority of the 
cases, over a properly designed open- or enclosed-type, single- 
or double-suction paper-stock pump. The non-clogging type 


? Chief Centrifugal Pump Engineer, Buffalo Steam Pump Co., 
North Tonawanda, N. Y. Mem. A.S.M.E. 
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of pump, however, is the only type of pump that should be used 
under conditions of operation where long fiber or rags, string, 
etc., are to be handled; such, for instance, as are encountered in 
paper-board mills. There is no advantage in the use of non- 
clogging pumps in ordinary service where refined or even raw 
sulphite or paper stock is to be handled. The conventional type 
of a single- or double-suction pump, properly designed, usually 
will prove more efficient, equally reliable, and in general more 
economical. 

In order to make this clear the writer made some comparisons 
of actual tests made*by one of the largest paper mills in this 
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Consistency of Stock,Per Cent 
Fic. 11 Curves or Stock Losses 
(Curve a, 8 in. Wood pump; 8, 8-in. single-suction Buffalo pump; c, 8-in. 
double-suction Buffalo pump—based on constant capacity and wastehead.) 
country. These tests were made on both single- and double- 
suction, open and enclosed types of impellers. The results are 
plotted in Fig. 11 against the performance on an 8-in. Wood 
pump as given by the author. 

It will be seen from the curves that the loss of head, in spite of 
the liberal area claimed for the non-clogging Wood pump, is 
greater than that for the conventional type of pump. It will 
also be seen that the loss of efficiency is greater; consequently, less 
useful work is done for the power consumed than that for either 
a single- or a double-suction pump, both of which have consider- 
ably smaller yet liberal and correct areas. 

These curves also indicate that beyond certain liberal water 
ways there is a disadvantage with a loss of efficiency if the size 
of water ways is made too large for the given conditions. 

The author makes a statement to the effect that the non-clog- 
ging pump is better adapted for handling stock of high con- 
sistency than is a conventional type of pump. A study of the 
curves (Fig. 11, A and B) reveals the fact that the stock losses 
are greater in a non-clogging pump than they are in a properly 
designed conventional type of pump. 

It will be seen that this particular Wood pump, based on Fig. 
8, is capable of delivering 3200 g.p.m. of water against about 64 
ft. total head and cannot deliver more than 1200 g.p.m. of 4.38 
per cent stock against about the same head. In other words, 
the pump capacity decreased about 62.5 per cent for 4.38 per cent 
stock. It is clearly seen that if still higher consistency of stock 
was to be handled by this pump the capacity would decrease 


stillfurther. In view of this, it is not clear why the author thinks 
the Wood pump is better suited for handling stock of higher con- 
sistency. 

Attention is now called to Fig. 5, showing comparative results of 
a 4-in. Wood pump and a 6-in. conventional type of pump. The 
fact that the impellers are of the same diameter and operating 
at the same speed does not indicate anything nor make a true 
comparison. In order to make a direct comparison between 
pumps, it is absolutely necessary to have the shells designed for 
the same impeller diameter and the discharge volutes in each 
case perfectly alike. The impeller does not influence the pump 
efficiency as much as does the casing; consequently, the com- 
parison as shown in Fig. 5 cannot be considered of much sig- 
nificance, and without complete information it may be very 
misleading. Had there been less variation in the design of the 
two pumps there would have been less test difference between 
them, and probably the efficiency would have been higher in the 


6-in. pump. High water efficiency does not necessarily mean 
high stock efficiency, for with proper understanding and selec- 
tion it is possible to have a pump showing a low water efficiency, 


but which will, however, have a higher stock efficiency than that 
of a high water efficiency pump. 
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It is seen from Fig. 5 that the maximum efficiency corresponds 
to about 93 ft. head and the shut-off 140 ft., or only about 50 
per cent higher, and from Fig. 8 the point of maximum efficiency 
corresponds to about 70 ft. head and shut-off 90 ft. A statement 
is made that the shut-off head in the Wood pump is usually 
double the head at the point of maximum efficiency. The vari- 
ation between the actual results and the statement requires some 
explanation. 

In reference to the types of head and capacity curves, the 
writer wishes to add that a steep characteristic curve can be 
produced with almost any type of pump. In the writer’s opinion, 
pumps with a compromise characteristic—that is, not too steep 
nor too flat—are best adapted for average operating conditions. 
A pump with extremely steep characteristic, such as claimed as a 
standard for a Wood pump, but not shown by the curves, will not 
usually prevent clogging, as stated by the author. The clogging 
usually takes place in the direction of flow, and a higher shut-off 
head, depending on the pipe line, may tend to pack the sub- 
stance in the pipe and cause a more serious clogging trouble. 
When the pipe line is clogged on the discharge side of the pump, it 
is best to clear the pipe by pressure, in the direction opposite to 
the normal flow. 

Another point that must not be overlooked is that a pump with 
an extremely high shut-off head, with everything else being equal, 
will consume more power at partial loads than a pump with a 
flatter characteristic, and consequently with more waste of power. 

The description and cut of the special type impeller shown in 
Fig. 6 and the results obtained with it are all interesting as they 
confirm the writer’s experience of several years ago when a special 
impeller was designed with the vanes extending into the inlet 
eye of the runner, and thus the similar troubles were overcome, 
as has recently been experienced with the original Wood-type 
impeller. 

The writer has made up from Fig. 8 another curve, Fig. 12, 
which includes efficiencies so that the readers can obtain the 
necessary information directly. The curves indicate clearly the 
loss of head and efficiency and the increase of power when pump- 
ing paper stock over that required for a corresponding water 
point. The curve also indicates what the pump user may ex- 
pect if the pump is selected on the basis of water without con- 
sidering losses that will take place when pumping stock. 

This Fig. 12 clearly indicates that a pump should not be se- 
lected on a water but rather on a stock performance, as water 
performance and especially water efficiency is a very misleading 
basis; and in proof of this statement it will be noted that the 
pump delivers 1800 g.p.m. of water against about 70 ft. total 
head, and when handling 1800 g.p.m. of 4.38 per cent stock it 
develops only 45 ft. stock head. In other words, there is a 25-ft. 
loss of head and about 55 per cent loss of water efficiency. Ac- 
tually the pump efficiency is only about 32'/, per cent when 
handling 4 38 per cent stock and about 73 per cent when handling 
water. 


In comparing the results shown in Fig. 5 of a 4-in. Wood pump 
against a 6-in. open-impeller pump, it will be noted that theauthor 
credits the higher shut-off head to long tapering vanes of the 
non-clogging impeller. This statement would lead one to be- 
lieve that there is a “special new” hydraulic law governing the 


head developed in a non-clogging Wood pump. This is not the 
case, however, as the basic laws of hydraulics are the same for all 
centrifugal pumps, whether of the Wood or other types. 

The author says that the maximum horsepower required for 
Pumping water exceeds that required for pumping any con- 
“istency of stock; but one must not overlook the fact that such a 
selection will not meet the conditions of installations, nor will a 
steep characteristic in such a case prevent disappointment, because 
a definite capacity corresponds to every pressure developed by a 
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centrifugal pump, as is clearly indicated in Fig. 8. If the stock 
pump selected on a water basis is to deliver 1800 g.p.m. of stock 
against a 70-ft. head, it would fail to deliver more than about 
1000 g.p.m. 

A further study of Fig. 8 will reveal another point that must be 
charged against the non-clogging Wood pump and especially 
against the construction. It will be noted that the pump re- 
quires 4i b.h.p. to deliver 1600 g.p.m. of water, but the power 
required is increased to 58 hp., or about 41 per cent, when 1600 
g.p.m. of 4.38 per cent stock is delivered against a much lower 
head. The writer has checked many tests on paper-stock pumps 
of various types and has never found one that showed such a 
high increase of power as tests indicate for the Wood pump. 

The author says that information regarding pump losses is 
meager, and this is probably true, but by a consistent study of 
these problems one is able to separate the various stock losses 
that take place in a pump and so to solve without much guesswork 
the problems as they present themselves. The writer trusts that 
his discussion of the author’s paper may be of some value to those 
interested in the pumping of paper stock and other similar sub- 
stances. 


AvuTHOR’s CLOSURE 


The paper endeavored to point out some of the advantages of 
the Fairbanks-Morse Wood’s patent paper-stock pump when ap- 
plied to the pumping of high-density paper stock. Mr. Klosson 


‘ in his discussion mentions that his concern manufactures a non- 


clogging pump as well as the standard open- and enclosed-impel- 
ler pumps.’ In the first place, to the author’s knowledge, the 
Buffalo non-clogging pump cannot accurately be so named as 
compared to the Wood pump. Their 6-in. pump has only a 2-in. 
width of impeller, whereas the same size Wood pump will pass a 
5-in. sphere. Furthermore, the Wood pump has the impeller 
vanes rounded at the entrance so as to prevent clogging of rags, 
string, and other fibrous material. 

Mr. Klosson states that the non-clogging pump is the only 
type to be used when handling heavy stocks and those containing 
rags, string, etc. As a matter of fact, the main purpose of the 
paper was to present the fact that the Wood trash pump would 
not clog when handling high-density stock nor pull the water 
away from the stock. 

It is true that an open-impeller pump, with close clearances, 
will sometimes have a greater efficiency when handling light 
stocks than will the two-vane Wood pump. This is not so true, 
however, when compared with recent results obtained with the 
new three-vane Wood pump. 

Of far more importance than efficiency are reliability and 
continuity of operation, low maintenance cost, and prevention 
of shut-downs. An open-impeller pump, because of the rubbing 
action of the material between the impeller and side plates, 
will have greater repairs than will the enclosed-impeller Wood 
pump with large openings and no close clearances. 

The Wood pump is primarily designed for the pumping of fluids 
containing large amounts of foreign substances. The author 
made the statement that usually (of course not always) the shut- 
off head is twice the head at maximum efficiency point. Re- 
ferring to Fig. 5, we note that the shut-off head is 60 per cent 
greater, but in Fig. 8 we note that the head at maximum ef- 
ficiency when handling stock is 45 ft. with a shut-off head of 90 ft., 
or exactly double. 

With the introduction of the three-vane Wood paper-stock 
pump and with the vanes tapered toward the center of the hub, 
there is much less drop in capacity and head than in former two- 
vane units, resulting in considerably greater efficiencies than 
those shown in Fig. 8. 

The author made the statement that pipe-friction losses 
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(not pump losses) are as yet difficult to determine owing to 
lack of actual experimental data, to which Mr. Klosson concurs. 
Considerable study is required with reference to pipe-friction 
losses when handling 5 or 6 per cent stock. Without this the 
pump builder is handicapped in ascertaining the correct pumping 


head. The author therefore repeats that for the present, without 
accurate knowledge of the total dynamic head, a Wood pump 
with its steep characteristic curve will often prevent disappoint- 
ment to paper-mill engineers who desire to move a given amount 
of heavy stock from one elevation to another. 
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Pulp-Grinder Control Reduces Paper Costs 


By ADOLPH F. MEYER,' MINNEAPOLIS, MINN. 


Large amounts of power are used in grinding wood pulp for use 
in paper, and unregulated pulp-grinder loads vary greatly and 
rapidly. This paper describes a governor for controlling water- 
wheel-driven and motor-driven pulp grinders and points out the 
economies effected through such regulation. Governors operating 
on the waterwheel gate are impracticable and undesirable for the 
purpose of controlling the speed of waterwheels driving pulp grinders. 
The Meyer governor maintains uniform friction load, and thereby 
uniform speed, by varying the pressure with which the wood is 
pushed against the grindstones. As a speed regulator for water- 
wheel-driven grinders it is actuated by turbine speed. As a load 
regulator for motor-driven grinders it is actuated by the load on the 
grinder motors, which it maintains constant. This paper also de- 
scribes a master regulator by means of which the total kilowatt load 
on a given system is maintained constant. The master regulator 
functions through the load regulators on the individual grinder 
motors. It automatically distributes the increases or decreases in 
total grinder load necessitated by decreases or increases in load 
elsewhere in the system, equally or in any other desired proportion, 
among the several motors by automatically changing the load setting 
of the individual regulators. The rate of action of the master regula- 
tor to correct load changes is proportional to the variation of the 
total load from normal at the given moment. No electrical contacts 
or relays are used, yet great sensitiveness is secured. 


ASTE serves no man. In the final analysis, the elimi- 

nation of waste is the primary source of progress. In- 

stead of attacking the problem of living by means of his 
hands, as primitive man did, civilized man conserves his limited 
physical powers and puts his mind at work to coax from old 
Mother Nature the power genii to do the hard physical work for 
him. The ways and means of putting these power genii to work 
efficiently and economically constitute one of the largest fields 
of man’s present activities. 

In the production of paper as in all other fields much atten- 
tion has recently been given to the elimination of waste in all 
its forms: waste of human life and limb, waste of human effort, 
and waste of nature’s forces and materials. The author will 
deal primarily with means for reducing paper costs through the 
conservation and the more economical utilization of nature’s 
forces. 

For every ton of newsprint produced about 2400 hp-hr. of power 
isconsumed. Power may be conserved in the production of the 
groundwood constituting about three-fourths of the newsprint, 
and the cost of power used in all the pulp and paper mill opera- 


tions may be reduced by lowering peak demands and filling in 
the valleys 


CONTROL OF WATERWHEEL-DRIVEN GRINDERS 


When groundwood is produced with waterwheel-driven grind- 
ers, it is essential to maintain the most efficient waterwheel 
speeds. At first, pressure regulating valves were used. Next, 
attempts were made to govern by means of centrifugal pumps 
driven from the turbine shaft. When the speed increased, the 
pump produced higher pressures, and vice versa. With this 
type of installation a small measure of control was secured. 


Consulting Engineer, Meyer Governor Co. Formerly Associate 
tofessor of Hydraulic Engineering, University of Minnesota. 
Mem. A.S.M.E. 

Contributed by the Printing Industries Division and presented 
at the Summer Meeting, St. Paul-Minneapolis, Minn., August 27 to 
30, 1928, of the AMERICAN Society OF MECHANICAL ENGINEERS. 


At least, runaway speeds and the complete stopping of the line 
were prevented. 

Were it not for the fact that the water pressure in the grinder 
cylinders does not represent the effective pressure of the wood 
against the grindstone and that the number of pockets in use, 
the size and character of wood ground, the grindstone surface, 
and the head and gate opening all vary from time to time, pumps 
driven from the turbine shaft could have performed a better job 
of speed control. Today over three-quarters of all the ground- 
wood produced with hand-fed pocket grinders is produced with 
grinders controlled by Meyer governors. These governors not 
only force the waterwheels to run at the desired speed, but they 
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(Showing speed of waterwheel-driven pulp grinders before and after in- 
stallation of Meyer governor.) 

permit a degree of control over the quality of the pulp produced 

that can be secured in no other way. 

The final test of whether the groundwood produced is suitable 
for a given paper is not the blue glass, the freeness tester, the 
microscope, or the lantern, however useful or necessary these and 
other pieces of test apparatus may be, but the paper machine; 
and the final test of the paper made by that machine is the 
printing press. This, however, does not mean that unfavorable 
conditions in the printing establishments may not ruin the best 
paper. 

The extent to which Meyer governors have come into use in 
the mills grinding pulp for news, hanging, catalog, tissue, and 
book papers in the United States and Canada is in itself proof 
of the fact that they facilitate the economical production of the 
desired kind of groundwood. 


CoNSTRUCTION OF SPEED REGULATOR 


The Meyer speed regulator for waterwheel-driven grinders was 
designed for the severe conditions of the grinder room. Those 
who are familiar with the slop and the dirt of the average pulp 
mill realize that it is no engine room or hydro station. 
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This governor is driven by roller chain because in many mills 
water is continually dripping or even flowing on the drive, making 
the use of a belt impracticable. Although essentially the gover- 
nor is extremely simple, yet the details of the design are of the 
utmost importance since it is a “functional’’ rather than a 
“relay” type of machine. An increase in the speed of the water- 
wheel driving the pulp grinders increases the speed of a rotor 
producing fluid pressure in a closed chamber, and vice versa. 
This pressure acting on a large disk and diaphragm produces a 
force of about 1200 lb., which takes the place of the ordinary 
hand wheel in adjusting the pressure regulating valve of the 


Fie. 2 Meyer Loap REeGuLator For Motor-DriIven Pute GRINDERS 


governor for a higher or a lower pressure as the speed increases 
or decreases. By proper attention to details it has been pos- 
sible to produce large pressure changes with small speed changes 
without causing hunting. 

The valve of this governor is a patented design and is built of 
Hy-ten-sl bronze. It consists essentially of two sharp-edged, 
balanced disks closing on flat seats. Dirt will not cause binding. 
Dynamic effects are practically eliminated. And the valves close 
remarkably well even after two or three years of wear, when 
they should have the edges and seats redressed. 

Since the governor must operate continuously and since main- 
tenance of small machinery in the grinder room is usually rather 
lax, ball bearings, gears, and shafts are used that have a rated 
capacity of about 10 hp., even though the governors require only 
about half a horsepower to operate them. These parts and their 
surrounding case, equivalent to the automobile transmission, 
are designed for an equivalent automobile life of over half a 
million miles. Each ball bearing is enclosed in a separate casing 
and supported by a large plain bearing which will come into action 
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if the ball bearing accidentally fails or is not replaced when worn. 
No gear lubricant can come in contact with the ball bearings, 
The 600-W used in the gear case is changed after the equivalent 
of about 25,000 miles of automobile life. 

The rotor cf the governor produces pressure through centrif- 
ugal action, but no space is provided which would permit vortex 
action as in the ecntrifugal pump casing. The result is practi- 
cally instantaneous action without inertia effects. It is sensitive 
to speed changes occurring several times a second. 

Fig. 1 shows typical tachometer charts of the speed of water- 
wheel-driven pulp grinders before and after the installation of 
Meyer governors. Besides forcing the waterwheels to 
run at their most efficient speeds, and thereby increas- 
ing the pump output on an average by 10 per cent at no 
cost but the price of the wood ground, and with conse- 
quent reduction in paper cost, these governors also prac- 
tically eliminate grindstone breakage with the accompany- 
ing danger to the men and damage to the grinders 

In most of the pulp mills now being built the grinders are 
driven by electric motors. Old waterwheel installations 
cannot economically be electrified except in those mills 
where the pulp cannot economically be pumped to the 
paper mill and freight charges are very high. Waterwheels 
controlled by Meyer governors can deliver to the pulp 
grinders more power than the same wheels could deliver 
to electric generators because, by means of this governor, 
the waterwheel can be run at its most efficient speed for 
all heads and gate openings, instead of at constant speed 
at all times. In addition the losses in the generator, 
motor, and transmission line, and the fixed charges on the 
additional investment are eliminated. On the other hand, 
if the pulp cannot be pumped, the cost of lapping, ship- 
ping, and beating up again must be charged against the 
direct-driven installation. Moreover, slush pulp possesses 
certain advantages. 


Types OF GRINDERS 


The ordinary pocket grinder requires 500 to 600 hp. to 
drive it. Usually one motor drives several grindstones. 
Most of the old grinders are fed by hand. The large ones, 
requiring about 1000 hp. each, are fed automatically. 
Either two pockets fed intermittently by hydraulic cyl- 
inders or one large pocket fed continuously by means 
of chains are used in these grinders. The latest develop- 
ment is the Read grinder, a mammoth machine with 
chain feed propelled by hydraulic cylinders controlled bys 
Meyer load regulator. A special chain construction is used 
on the side of the pockets to eliminate binding, and the direct 
hydraulic drive for the feed chains insures rapid follow-up capac- 
ity in case of slippage or readjustment in the wood. 


ConstructTION OF LoAD REGULATOR 


The Meyer load regulator is designed for use on all types of 
pocket and hydraulic-feed grinders driven by motors. | mait- 
tains uniform motor load by varying the water pressure in the 
cylinders that force the wood against the grindstones. It # 
actuated by a large solenoid which exerts a normal pul! of 6 
8 lb. This pull is opposed by a spring by means of which the 
motor load is set for any desired value. The solenoid and sprig 
oppose each other in pulling on a lever that operates a balanced 
pilot valve which controls the pressure-regulating valve of th 
governor and thereby the pressure of the wood against the grin 
stones. Since this regulator, like the speed regulator previous 
described, is of the ‘functional’ as opposed to the “relay’’ tyP® 
the proportioning of the parts is of the utmost importance. 

By reducing the travel of the plunger of the alternating-c™ 
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rent solenoid to a few hundredths of an inch, the variation in Loap Controt SecureD 
pull with position of plunger is negatived. The vibration of the Fig. 2 shows the Meyer load regulator, and Fig. 3 gives typical 
plunger keeps the several parts, that have only afewthousandths charts showing how the load curves from the grinder motors 
of an inch travel, from sticking. No contacts are used. The were straightened out through regulation. After uniform loads 
principal advantage of the “functional” as against the “relay’’ are maintained on the individual grinder motors, the cost of 
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Fic. 3) TyprcaL WATTMETER CHARTS 
(Showing load on grinder motor before and after installation of Meyer load regulator.) 
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ILLUSTRATING IMPROVEMENT IN VOLTAGE REGULATION 


‘ype of regulator is that the former makes a response proportional power, and therefore of the paper produced, can be still further 
” the impulse, and action is practically instantaneous. A minor reduced by distributing load changes necessitated by other 
disadvantage is that there must always remain a small residual, _ processes in the pulp and paper mill, or variations in miscellaneous 
uncorrected impulse, which is proportional to the response de- light and power or traction loads elsewhere in the system, among 
manded. Otherwise there would be hunting. the grinder motors so as to keep the total system load constant 
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(This was done by changing load-adjusting pressure while 


from day to day. In one large installation the Meyer system of 
control increased the daily load factor from below 85 per cent to 
over 95 per cent. Peak loads were reduced from over 18,000 
kw. to about 17,000 kw. Power is purchased on the basis of 
paying for an entire month at the rate of the highest five-minute 
demand during that month. The maximum demand is deter- 
mined from a 4-in.-per-hr. total load chart, and any five-minute 
period as against successive five-minute periods is used. Such a 
procedure appears to the author unjustifiable from the viewpoint 
of any reasonable interpretation of the basic principles underlying 
peak-load charges. What is the “probability” of random five- 
minute peaks from a number of plants on one system synchro- 
nizing? 

Table 1 shows the average load and the five-minute peak load 
for each working day for a month in the mill referred to. The 
accuracy of control is attested by the fact that for ten days in 
succession the peak load was exactly 17,000 kw., as closely as 
it could be determined from the record made on the large-scale 
chart. 

Fig. 9 shows typical portions of total-load charts from this 


TABLE1 TYPICAL RESULTS SECURED IN CONTROLLING PULP 
AND PAPER MILL LOAD 


1927 Average load, kw. Peak load, kw. 

Dec. 2 16,868 17,000 
5 16,943 17,000 

6 16,946 17,000 

7 16,876 17,000 

8 16,979 17,000 

9 16,763 17,000 

12 16,780 17,000 

13 16,755 17,000 

14 16,784 17,000 

15 16,796 17,000 

16 16,693 17,100 
19 16,726 17,000 
20 16,713 17,100 
21 16,609 17,100 
22 16,793 17,000 
23 16,713 17,000 
27 16,689 17,000 
28 16,843 16,900 
29 16,871 16,850 
30 16,826 17,100 

1928 

Jan. 3 16,868 17,000 


_ The peak-load readings must be corrected for transformer efficiency by 
dividin by 0.9825. Missing records indicate holidays or other days on 
which the mill was shut down wholly or in part. 


LATOR MAINTAINED ConsTaNnT Loap 
1400-kw. grinder unit was down for temporary repairs. ) 


Fig. 6 Meyer Master REGuLATOR FOR MAINTAINING (ONSTANT 
System Loap 


mill before and after the installation of the Meyer system 
load control, consisting of regulators for the nine grinder moto” 
and a master regulator for the total load. 


if 
il 


Fig. 5 shows that the master regulator maintained a uniform 
total load while a 1400-kw. grinder unit was down for half an 
hour for repairs. It added one-eighth to the existing load on the 
other eight motors. The master regulator accomplished this by 
changing the pressure in the hydraulic load adjusters of the indi- 
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vidual load regulators. In this particular instance the load on 
six banks of transformers, representing different amounts of 
power, is added up by six similar General Electric Co. watt ele- 
ments and maintained constant. No electrical contacts or 
relays are used. 
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Fic.7 Tora System Loap MAINTAINED CONSTANT AND WATER PowER CONSERVED THROUGH 
PuLp-GRINDER CONTROL 


Fie. 8 Typrcan oF Meyer Reauiators at Mutt or E. B. Eppy Co., Lrv., 1s Hunn, QuEeBEc 

egulator is shown at left. The three pilot units with hydraulic load adjusters for the three motors are shown in center. The valve units 
i ans dh grinder room on other side of wall. Pressure-operated switches, signal bell, and switches for load regulators, together with water-pressure 
is mai Shown in background. At the right is recirculating pump with return tank and make-up water valve by means of which a constant water level 
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CONSTRUCTION OF MASTER REGULATOR 


The Meyer master regulator, illustrated in Fig. 6, combines 
all the advantages of the “functional” and “relay” types of 
mechanism without their disadvantages. The watt element, 
which measures the total mill load, is opposed by a spring. The 
tension of the spring is altered to change the total load. An arm 
on the shaft on the watt element is linked to the lower end of a 
small pendant tube flexibly connected to a source of water supply 
furnished by a small centrifugal pump. From the end of the tube 
issues a flat jet of water. When the load is normal, this jet 
passes between two knife edges and is led back to the pump. 
When the load is too high or too low, the tube is pulled to one 
side or the other by the watt element so that a portion of the 
jet is intercepted by the corresponding knife edge and deflected 
down a curved passageway to turn a small waterwheel clockwise 


or counter-clockwise. The greater the load change, an conse 
quently the greater the portion of the jet which is deflected inte 
the waterwheel, the faster the wheel will turn. It is therefore 
evident that the response of the mechanism is proportional to the 
momentary variation of the load from normal. On the other 
hand, the mechanism makes no response to the numerous severe 
load kicks of merely a split-second’s duration that are char 
acteristic of pulp-grinder loads. Yet there is no dashpot and 


Fic. 9 CHARTs SHowine anp Paper Mitt Loap 
(Before and after installation of Meyer system of control.) 


no damping whatsoever. 


By means of a gear train the power of the jet, which is really 
quite a husky one, is increased and used to adjust a pressure 
regulating valve which maintains the required pressure i2 the 
hydraulic load adjusters of the individual load regulators, co” 
nected to the master regulator by a single line of copper tubing: 
Each load adjuster has a normal-load, maximum-load, and mia 
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mum-load setting which can be changed in a moment. In this 
way different motors may carry different loads and yet share in 
the load distributions made by the master regulator. 


CoNnsSERVING WaTER Power BY PuLp-GRINDER CONTROL 


An interesting application of load control, and one that pays 
most excellent dividends, is illustrated in Fig. 7. The mill is a 


Fig. 12 Typicat TuHree-Pocket, Hanp-Fep GrINDER 


(The Meyer governor maintains the necessary water pressure in the cylin- 
ders back of the pistons to maintain uniform friction load, irrespective of 
number of pockets in use, binding of wood, or size and character of wood 
ground. When wood has been practically all ground out of pocket, oper- 
ator reverses pressure, backing off piston, then refills pocket with wood, 
turns on water pressure, thus placing pocket under governor control again.) 


small one. The power required is supplied by a hydroelectric 
plant located on a stream where the available water must be 
utilized or it will waste over the dam. Before regulators were 
installed, considerable power went to waste, because if an attempt 
was made to keep the generators fully loaded, and then the 
mill or grinder load suddenly increased beyond the waterwheel 
capacity, the frequency would drop and most of the mill opera- 
tions were handicapped. The chart speaks for itself. 

By merely turning a crank on the remote-control apparatus, 
the power-house operator half a mile from the mill sets the 
regulator from time to time to maintain more or less total load in 
accordance with the available water supply. Between such 
settings the load regulator automatically supplies the mill with 
all the power required by it and puts the remainder on the grinder 
motor. The men feeding the grinders change the number of 
pockets in use from time to time so as to maintain the average 
grinding pressure desired. 


IMPROVING THE VOLTAGE REGULATION 


The load kicks resulting from the pulling of pockets on grinders, 
for the purpose of refilling them with wood, are often so severe 
as to cause undesirable voltage fluctuations. Fig. 4 shows a 
marked improvement in voltage regulation secured through the 
installation of Meyer load regulators. The principal reason why 
such improvement is possible is the unequaled speed of action of 
these machines. The readjustment required by the pulling of 
pocket-feeds is usually accomplished in about a second, and the 
accompanying load kick is absorbed by the inertia of the electric 
generators. 


Errect OF REGULATION ON THE Cost oF PAPER 


By maintaining a higher average load on the grinder motors, a 
correspondingly larger amount of pulp is produced with the 
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same labor and the same machinery; hence overhead and labor 
costs are reduced. Experience has also demonstrated that when 
a uniform friction load is maintained on the pulp grinder a more 
uniform quality of pulp is produced and the power consumption 
per ton is reduced about 5 per cent. 

By absorbing noon-hour and other reductions in mill load in 
the grinder room, and by reducing grinder loads at times of 
heavy demand elsewhere in the system, peaks are avoided, valleys 
are filled up, and power costs for the entire paper mill are reduced, 

The conditions under which paper is made and the principles 
upon which power charges are based differ so much that it is 
impossible to predict the average saving which can be effected 
through pulp-grinder control. Each mill must evaluate its own 
benefits. 


Discussion 


GeorceE D. Bearce.? It is an old saying that newsprint paper 
is made in the groundwood mill, and the pulp-grinding equipment 
and operation are of considerable importance in manyfact uring 
this particular grade of paper. 

Wood is a fibrous material of various species and having some- 
what dissimilar characteristics. From necessity the mechanical 
pulp-making process has been carried on largely by rule-of- 
thumb. The consumption of power was not considered of great 
importance since each small plant had its own waterpower 

In recent years a closer control of costs as well as an increase 
in materials, power, and other things has led to a more serious 
consideration of pulp-grinding methods and control. Many 
older mills are still using the water-driven pulp grinders, whereas 
most of the modern plants have adopted the electrical drive with 
larger units as the most satisfactory method of manufacturing 
pulp. 

In the waterwheel type of grinder the control is especially 
important. The governor under discussion is widely used and 
the operating results under regular mill conditions have indicated 
that this type of equipment is one of the essential controlling 
factors in the production of groundwood pulp. Since the pulp 
production of any particular grade is almost in direct proportion 
to the power required, any increase in the utilization of valuable 
power means a distinct increase in the production of pulp. An- 
other important feature of this governor is the control of speed 
and the reduction of danger from revolving the natura! sand- 
stones at a dangerous high rate of speed. 

In the modern pulp mill where electrical power is used to grind 
pulp, the development of regulation has been equally important 
from a cost standpoint. In a majority of cases, the power is 
purchased on a 5-min. peak-load basis, and any equipment which 
enables the mill to operate up to but not over its peak load is 
an important factor in reducing power costs throughout the 
paper mill. All modern mills watch their load factor very closely, 
and a number are able to operate at a load factor of ‘\ to 9% 
per cent. 


Tue Avutuor. Although most power contracts provide for 


payments on a peak-load basis, Mr. Bearce’s statement that 
in a majority of cases the power is purchased on a 5-min. peak- 
load basis may possibly be subject to question. We have fur- 
nished equipment to mills paying on the basis of 5-, 15-, 20-, 


and 30-min. peaks. In one case payment is on the basis of 
20-min. peak, but if that peak is ever exceeded the new peak be 
comes the basis for payment during the remainder of the life 
of the contract, which is still over eight years. 
The author has tried to present methods of conserving pow'' 
in the pulp and paper industry through the use of regulating 
2 Engineer, Manufacturing Department, Internationa! Paper 


Company, New York. Mem. A.S.M.E. and Chairman of Paper 
and Pulp Committee of Printing Industries Division. 
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equipment on pulp grinders. Large blocks of power are being 
used directly through waterwheel-driven pulp grinders and in- 
directly through motor-driven grinders. 

For a good many years efforts have been made to build a gover- 
nor that would control the waterwheel-driven grinder, because, as 
all know, the waterwheels must run at the right speed in order 
to produce the amount of power which they are supposed to pro- 
duce from the water used. For some reason or other these efforts 
were not successful until the new type of governor was developed 
which is discussed in this paper. In a general way that governor 
has made possible, it might be said, an increase in the efficiency 


of the waterwheels, indirectly through the pulp grinder, of some- 
where between 8 and 12 per cent, varying with the conditions 
under which the power is developed and utilized. 

When applied to motor-driven grinders, the new governor has 
maintained a uniform load on the motors, thereby increasing 
output and reducing power, labor, and overhead costs, while 
really improving the quality of pulp produced. 

By permitting the master regulator to set the individual gover- 
nors for more or less grinder load, it has become possible to main- 
tain a substantially uniform total load on the entire pulp and 
paper mill, thereby reducing the cost of all the power used. 
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Engineering in the Printing Industries 


By EDWARD T. MILLER,! CHICAGO, ILL. 


HE introduction of science in the industries and the crea- 

tion of new industries as the result of scientific investi- 

gation form one of the most interesting chapters in the 
romance of the modern economic world. Since Watt observed 
the rattling of the tea-kettle lid by the steam generated in the 
kettle, and even before, we have had ingenious minds seeking 
to harness to industry in a practical way the laws that have been 
discovered by scientists. They worked in an atmosphere of 
prejudice, superstition, and unbelief, but with each accomplish- 
ment the human mind was won away from its old habits of 
thought. Their efforts were ‘“‘spotty,’’ but today scarcely any 
untried project is proposed that the people do not believe some 
day will be accomplished. 

The men who hitch these scientific principles and laws to in- 
dustry and commerce have come to be known as engineers. 
Their method of approach to any problem is the scientist's ap- 
proach. They are trained to find the facts by observation, to 
apply these facts by experimentation, and to establish correct 
procedure by calculation. 

In the printing industry, speaking broadly, we are concerned 
with three important groups covering rather well-defined and 
distinct phases of printing: (1) The supply and conversion of 
raw materials; (2) the manufacture of tools and equipment for 
use in the conversion of both raw and semi-finished materials; 
and (3) the distribution, organization, and operation of printing 
machines and material and the marketing of the final product. 

To a greater or lesser degree each of the industries included 
in the groups mentioned has made use of the scientist and engi- 
neer; at first rather indifferently, but later actually building 
new industries on their investigations. 

The supply and conversion of raw materials, the manufacture 
of tools and equipment, and their distribution are fields so dis- 
tinetly different from that of the actual production of print- 
ing, though closely related to it, that I am passing over them 
with but a few general observations. In the other addresses 
scheduled for this oceasion we have two splendid examples of 
what may be accomplished by engineering in the solution of 
problems in paper manufacture. There are equal opportunities 
for a number of other addresses covering other problems in the 
supply and manufacturing groups of the graphic arts industries; 
so let us hope that others will be inspired to undertake the re- 
search necessary to uncover the material and to present their 
findings through this division of the A.S.M.E. and other recog- 
nized agencies. 

I think most of us are willing to admit that there was little 
*ngineering or scientific consciousness in any of these industries 
Prior to the appearance of the Hoover report on “Waste in In- 
dustry.” That report began to awaken such a consciousness, 


and since that time our steps toward the use of science and the 
“entific approach—in other words, the employment of the 


enginee ‘ 
‘gineer—have been more rapid and better directed. 


fe That part. of the Hoover report on “Waste in Industry” re- 
“tring to the printing industry was a direct challenge to every 
individual and firm, manager, and employee connected with the 
graphic arts. The United Typothetae of America was definitely 
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named as responsible for ‘the management of the industry as 
a whole” and found itself confronted with a situation compelling 
it to accept the challenge. The association at that time, repre- 
senting some five thousand commercial printers in the United 
States and Canada, particularly in the large printing centers, 
needed programs of activities that would find expression in direct 
and indirect services to the various individual members and 
groups; and the Hoover challenge afforded ample reason for 
undertaking forward movements in personnel training and in 
better management methods—for the employment of the engi- 
neer to direct the application of science. Up to that time the 
few things which had been done in the direction of better methods 
in management occupied only small patches here and there in 
the whole picture of management, and these were only indif- 
ferently coordinated. 

The first announcement of ‘‘Waste in Industry” in 1921 at- 
tracted wide attention among the commercial printers group. 
A liberal portion of the report covering the printing industry 
was published in T'ypothetae Bulletin, and the Executive Council 
invited John H. Williams, engineer-author of the report, to ad- 
dress the annual convention. Inspired by all this the general 
office staff of Typothetae advocated during the fall and winter 
of 1921 and 1922 the establishment of an engineering depart- 
ment at the general offices, and the executive officers adopted 
a resolution assuming a sympathetic attitude toward all engi- 
neering efforts in connection with the printing industry. In 
the meanwhile numerous inquiries began pouring in from mem- 
bers for assistance in their production problems, and to the de- 
partment of research was assigned the duty of rendering such 
assistance. 

To many of the laymen at that time the very word engineer- 
ing was little understood, and in scores of instances an engineer 
was thought to be some kind of an exalted janitor who looked 
after the electric lights, the steam-heating radiators, the repair 
of windows, or the furnishing of extra keys for the doors. But 
a series of well-selected articles in the association’s journal, re- 
ferring to the application of scientific principles in printing as 
really the application of engineering, began to develop no in- 
considerable interest in the broad scope of engineering as it 
might be applied to printing. Of course there was much grop- 
ing in the dark for the door that would lead the industry out 
into the light. There were almost as many different concep- 
tions of what engineering in its broadest sense is as there were 
individuals. Happily we found among managers of printing 
plants a score or more of men whose early education and train- 
ing had been along engineering lines, and these men materially 
assisted in steadying the course along which we were steering 
and in shaping the growing interest. In the writings of these 
men at that time it is interesting to note how close together were 
their definitions and their opinions as to how engineering can be 
applied to the printing industry. 

Matters finally progressed to such a point that our executive 
council appointed a committee on engineering to study the whole 
question of engineering as it might be applied to the industry, 
and Typothetae was reminded that it could not take its real 
place in “the management of the industry as a whole’ until it 
could bring to bear in a scientific way the experiences of the in- 
dustry in matters affecting finance, production, marketing, human 
relations, and matériel. 

Gradually there has begun to grow a consciousness among the 
membership that presiding over each individual member as well 
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as the industry as a whole there is one masterful fountain head 
which we call management, and to it are bound all principles of 
truth, all scientific knowledge, and all righteous human relations 
with inflexible sinews, while engineering is the medium through 
which these laws are interpreted to management. 

So closely indeed are management and engineering and indus- 
try bound together that there have grown up such expressions 
as ‘management engineering,” “industrial management,” ‘‘in- 
dustrial engineering,” all more or less synonymous but all de- 
scribing the application of the laws governing the engineer and 
the scientist to management of industry. 

When our committee began studying the subject of engi- 
neering as applied to printing, in its broad way and under these 
synonymous terms, a realization came to them that the United 
Typothetae of America was to some degree attempting to cover 
the field of management engineering. It was said at the time, 
“The trade association which so far studies the problems of its 
individual members as to recognize in them merely problems 
of engineering and then prescribes proper methods and opera- 
tions based on scientific knowledge and principles is most cer- 
tainly engaged in a work that is coming to be known as industrial 
engineering.” 

In my report to the executive council in June, 1922, I observed 
that the United Typothetae of America had progressed rather 
well in providing service in accounting, cost finding, advertising 
and sales, but that in the field of production engineering only 
a limited number of services, such as studies in industrial rela- 
tionships, production standards, simplification and standard- 
ization, and a study of classification of operations, had been 
set up. I ventured the prophecy that the time was not far 
distant when we must coordinate all of the phases and elements 
of production engineering so as to give as complete service in 
that direction as we were giving in the field of administration 
and finance, and in the field of advertising, sales, and distri- 
bution. I am happy to say that since this forecast was made 
our management engineering services have not only increased 
in number, but have been rather well rounded out and are be- 
ginning to register real results among our members; but we 
have done just enough of it to see that we are only at the thresh- 
hold of tremendous opportunities and equally tremendous obli- 
gations. 

It was not until late in 1923 that the whole engineering pro- 
gram was classified and set down in outline form, and it is inter- 
esting at this time to note the classification then used. Briefly 
and in substance it was as follows: 


Fundamental statistical and experimental research 
Engineering as it pertains to administration and finance 
Engineering as it pertains to personnel 

Engineering as it pertains to matériel 

Engineering as it pertains to production 

Engineering as it pertains to marketing. 


oor 


A development of this outline, it may readily be seen, will 
provide for each of the four general phases in every commercial 
printing business; namely, finance and accounting, production, 
marketing, and personnel training and relationships. 

The staff at the general offices began gradually to mold all 
Typothetae activities and services to this general classification. 
Standing committees were altered and even consolidated in order 
to prevent overlapping functions, and all were better coordi- 
nated. The departments at the general offices were rearranged 
and reorganized to parallel this general classification. At present 
we have a department of finance and accounting, a department 
of production management, a department of marketing, and a 
department of education, all backed and supplemented by the 
bureau of research. In addition to these there are of course the 


necessary administrative and executive departments and offices, 
The men in these various departments are specialists trained 
in their particular lines. The department of production manage. 
ment is the one no doubt of most interest to this division of the 
A.S.M.E. in that all production-engineering activities are cep- 
tered in this department. The men themselves are engineers, 
and the head of the department is a member of this Society. 
He thinks and acts in terms of engineering, and the department 
is conducted largely for the purpose of giving engineering coun- 
sel and advice not only to the administration of the association 
but to our members in their daily problems in production. 

This department heads up the work of the engineering com- 
mittee and coordinates that committee’s work with the work 
of the committee on simplification and standardization, the 
management and research committee, and of a number of minor 
special committees. Perhaps the most noteworthy achieve- 
ment of the department of a permanent character has been its 
accumulation over a period of years and the final publication 
at a considerable expenditure of the Typothetae Average Pr- 
duction Records—an engineers loose-leaf manual, if you please 
averaging the records of production in practically all of the 
operations of the printing plant. The data on which the records 
are based were accumulated from original sources and thousands 
of actual jobs of printing that had gone through plants. |: 
furnishes to the estimator the only known standards of produe- 
tion in the various operations. It furnishes the cost accountant 
with a reliable measuring stick with which to check costs. |i 
furnishes the sales manager with definite specifications us to th 
character of printing he proposes to furnish his customer. 1 
the wide-awake printer who takes advantage of all such aids 
it is a compendium of information equal to any engineer's hand- 
book or manual. It is the basis for job layouts, analyses, ani 
estimates, and it has proved of almost uncanny accuracy i 
scores and scores of instances. Though only an accumulati: 
of average records the book seems to overawe many to whol 
it would be most useful. Craftsmen and production executives 
therefore all have to be trained into the use of it. The younger 
men in the industry, however, take it up readily— a hopel 
aspect of the situation. 

More recently the department of production management 
cooperation with the committee on engineering has formulated 
a program covering not only the scope of the productive brane! 
of the printing business but laying out the work of the depar 
ment for some time ahead. In outlining the scope of the fei 
of production management the fullest consideration has bee! 


given to the physical printing plant as a machine for producing 
printing; to the regular and special printing processes; to \™ 
analysis of the functions, methods, and purposes of each jo) " 


the producing branch; to the selection, training, handling, ©” 
pensation, methods of work, and working conditions of the pe 
sonnel; and to records, forms, and reports used in product! 
management. The work of the department in carrying out" 
program is outlined under two main divisions; (1) ‘The collec 
tion of data on each of the phases of production; (2) the organi 
tion of these data into a form usable by the membership and" 
presentation of the information in regard to it, together wi 
instructions in its purpose and use. It is a significant fact 
trade associations in their endeavor to serve their mem)ers 0! 
expend their energy on tasks that are expedient rather ths 
fundamental, and afterward the fundamental phase o! the ¥0" 
becomes so apparent that it is taken up and finally fitted in! 
the picture. Therefore, this program is designed largely “ 
coordinate the work that has been done with the work that 5 
yet to be done so that the tasks that have been accomplis 
largely on the ground of expediency may be fitted in with th* 
fundamental things that are yet to be accomplished. 
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Engineering societies such as the A.S.M.E. are needed to 
cooperate with trade associations and to assist them to bring 
their activities and services into harmony with the engineering 
program. The engineering societies can assist very materially 
in building the engineering program, particularly in production. 
Engineers will find a new and comparatively little occupied 
field in serving trade associations in this newer phase of their 
work. Particularly is this true in the case of engineers who have 
broadened out in their studies and experiences so as to cover the 
whole gamut of industrial activities, men whom we are now be- 
ginning to call “industrial engineers.” 

It is gratifying to me to see the activity of the A.S.M.E. in 
this respect, and I am pleased to serve as a member of your 
divisional Committee on Research and Survey. Recently I 
suggested to the chairman of that committee? an outline of a 
program that might well be followed during the next year or so. 
In my outline I used the engineering approach; that is, I sug- 
gested that the first thing to do is to find out what are the actual 
conditions, what are the facts in regard to research in the graphic 
arts. When we shall have determined that, then I believe we 
should gather them together and catalog them, after which we 
can work out or determine the scope or the phase of research 
that would prove of the greatest benefit to all industries involved. 
I suggested briefly the following outline: (1) Compile a com- 
plete list of all agencies, domestic and foreign, engaged in print- 
ing trades research; (2) classify research work now being done, 
and ascertain its extent in machinery, systems, and processes; 
(3) catalog all activities to date showing scope of work already 


? Arthur C. Jewett, Director, College of Industries, Carnegie Insti- 
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accomplished as a guide to what problems to take up first and 
which ones already under way to complete; (4) determine the 
exact scope of the activities of research committees and research 
departments—whether they are to comprise purely production 
problems or to include problems of finance, marketing, etc.; 
(5) work out a functional head of all these research activities to 
assemble all data, classify these data, disseminate information 
to the members, and solicit papers and treatises on special sub- 
jects. 

In the brief time at my disposal it has been possible to refer 
only to some of Typothetae’s efforts toward introducing engineer- 
ing principles to industry and to outline briefly what may yet be 
accomplished, not only by it but by the other associations and 
societies representing other groups in the graphic arts. A great 
deal of what has already been accomplished is good, but much of 
it is necessarily indifferent and of little importance, because lay- 
men are apt to undertake such things with a woeful lack of the 
sense of proportion. Better things are expected of engineers, 
and if all groups of the printing industries were to cooperate and 
through such cooperation set up a plan of coordination of our ef- 
forts, in comparatively a short time we should have built up a vast 
fund of practical, technical, and scientific information that will be 
of immeasurable benefit to all interested. What nobler task can 
be set up for a society such as the A.S.M.E. and for trade asso- 
ciations such as the United Typothetae of America and the other 
associations in the graphic arts? Where could there be a program 
whose objectives are more fundamental and more certain of bring- 
ing prosperity to our industries and better services to the public? 
It seems to me that engineering brings a challenge to the indus- 
tries, and that the industries will find their greatest advancement 
by accepting the challenge. 
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The Standardization of Colored Printing Inks 
and Its Advantages 


Confusion Exists in the Color Field at Present, as Discussions and Instructions Regarding 
Color Have No Common Basis or Viewpoint 


The author discusses briefly the materials entering into the manu- 
facture of printing ink. Since the pigments used in their manu- 
facture exhibit the widest variations, standardization of colored inks 
is really the standardization of the pigments involved. Various 
proposed methods of standardization are considered, and it is 
hoped that out of their discussion some practical system will re- 
sult that will do away with the confusion at present enveloping the 
subject. 


HE purpose of this paper is to discuss briefly the confusion 
existing in the colored-ink field and the need for some sort 
of standardization so that all discussions regarding color 
may have a common viewpoint. 
Before considering the question of the standardization of col- 
ored inks, it might be well to consider the materials that go to 
make up a printing ink. 


MaTERIALS USED IN MAKING PRINTING INKS 


Printing ink consists essentially of two parts, the vehicle or 
varnish, and the pigment or dry color. While in order to get 
certain desired working qualities various compounds are often 
added, yet, as stated, the two essentials are varnish and pigment. 

Varnishes for high-grade printing ink are made almost exclu- 
sively from linseed oil. This oil adapts itself readily to use as a 
vehicle for two reasons: first, its viscosity can be increased from 
that of water to that of molasses taffy; second, linseed oil will ab- 
sorb oxygen from the air and form a hard film or “dry,” as the 
reaction is called technically. 

The “bodying”’ of linseed oil is carried on by heating it in a 
copper kettle over an open flame, the resulting body depending on 
the temperature and time of heating. As the free-acid content 
of the linseed oil increases with its viscosity, it is necessary to 
start with an oil of minimum acidity so that the final acidity will 
be kept as low as possible, otherwise the varnish may react with 
some of the pigments used in the ink. Color and odor are also 
two factors entering into the choice of linseed oil. 

‘The drying of linseed-oil varnish by the absorption of, and com- 
bination with, oxygen from the air is a true chemical process as 
opposed to drying by absorption as exemplified by the newspaper 
where & porous paper absorbs the ink. This chemical action of 
“drying” may be hastened by the introduction into the ink of 
very small quantities of substances known as “driers.” These 
driers are resinates, linoleates, or acetates of cobalt, lead, or man- 
ganese, and act as catalysts. 

Depending on conditions of price, character of pigment, and 
intended use, mineral oil and rosin oil are often used alone or in 
conjunction with linseed-oil varnishes, but for the very best type 
of Printing, linseed is to be recommended. 
Prior to, say, fifty years ago, coloring matters for printing 
were of mineral or vegetable derivation. Carbon black, bone 
vermilion (mercuric sulphide), ochers, umbers, 
, ultramarine blue, iron blues, chrome yellows, and chrome 


ponief Chemist, Dry Color Division, Ault & Wiborg Co. 
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greens were of mineral origin, and indigo blue and madder lake of 
vegetable origin. 

The discovery of the first coal-tar dye by Perkin in 1854, the 
subsequent discovery of many more and the application of many 
of these to pigment making, beginning in about the year 1880, led 
to a new era in printing. While of course most of the old colors 
are still used to some extent—some of them like carbon black, iron 
blues, and chrome yellows in enormous quantities—they have 
been supplanted and the field of color greatly enlarged by the use 
of pigments from organic dyes. 

Three of the main characteristics of the organic pigments have 
been their good working qualities, their tinctorial power, and their 
purity of tone, the first allowing for greater speed in the printing 
press, and the last two for the development of special processes 
such as the offset process and photolithography. 


How Pigments ARE Mape From Coat-Tar Dyes 


It might be of interest here to consider briefly just how the pig- 
ments are made from coal-tar dyes. One class of dye comes on 
the market in a water-soluble form, usually as the sodium salt of 
the dye. Naturally, being water-soluble, it is useless as a pig- 
ment, especially for lithographic or offset work where water is 
used. Consequently it must be rendered insoluble, usually by the 
addition of barium chloride. Expressed by chemical equation 
this reaction takes place: 
2Na (Dye radical) + BaCl, —> Ba (Dye radical), + 2 NaCl 

(Water-soluble) (Water-insoluble) 

As variants, salts of calcium or lead are sometimes used to ob- 
tain different shades of pigments from the same dye. 

The precipitated dye if to be used as a ‘‘toner”’ or 100 per cent 
color is washed and filtered and then dried in a drying oven, It is 
then ground to a powder. If the color is to be of reduced strength 
some white such as blanc fixe (barium sulphate) or alumina hy- 
drate is added to the precipitated barium lake and the resulting 
color washed, filtered, dried, and powdered. 

Several important pigment dyes come on the market as in- 
soluble sodium salts, but on being boiled with barium, the latter 
metal replaces the sodium, producing the same result as if the 
dye were soluble. 

Another type of pigment is produced directly from the dye- 
forming elements or “intermediates.” A familiar example of 
this type is para red, made by combining the yellow paranitran- 
iline with gray beta naphthol to produce para red. 

In making the finished printing ink the powdered dry color and 
the varnish in a predetermined ratio are given a preliminary mixing 
in a pony mixer in order to wet the color with the varnish. The 
mixture is then sent to the mill room and ground on a three-roll 
mill until the ink is pronounced finished by the tester. The 
number of passes over a mill necessary to grind an ink varies 
with the color. Some colors only take two or three runs, while 
others require seven or eight. 

Of all the ingredients going into printing ink the pigments exist 
in the widest variety, and therefore a discussion of standardiza- 
tion of printing ink is really a discussion of the standardization of 
colored pigments suitable for inks. 


thoy 
“3 
1 
! 


2 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The term ‘“‘standardization” is not very definite, and various 
constructions can be put upon it, namely, 

1 Standardization of inks for process work in yellow, red, blue, 
and black. 

2 Adoption of a standard nomenclature for colors. 

3 Simplification and standardization of colors, and 

4 Standardization by measurement. 


STANDARDIZATION OF INKS FOR Process WorK 


Let us consider the first case, that of standardization of inks 
for process work. Successful selling through printed matter de- 
pends upon faithful reproduction of the original idea. An ad- 
vertiser calls upon one or more artists to submit their ideas for a 
colored advertisement to run, let us say, in a great national 
publication. He chooses one that appeals to him, and plates 
are then made true to color. The publisher now receives the 
proofs, and the advertiser awaits publication with the joyful feeling 
that many sales will result from the attractive advertisement. 

When the publication comes out the advertiser is sometimes 
terribly disappointed in that the whole color scheme has been lost. 
Why? Because while the artist has free rein in his choice of col- 
ors, the publisher is held down by the limitations of his inks. He 
selects what he thinks is a happy medium to do justice to the color 
scheme, but often the results are anything but satisfactory. 

Of course, the only remedy for such a situation is standardiza- 
tion of a series of colors to be used by the artist, the photoengraver, 
and the printer. The artist would then select from a chart of 
these standards the color combinations to make his painting. 
The photoengraver would in turn use the same standard in the 
form of printing ink in making his proof, and finally the printer 
would be supplied with progressive proofs by the photoengraver 
with the particular standard ink used in each case, so that there 
could be no question as to the color wanted. 

It is believed that in this way the results obtained in the origi- 
nal picture by the artist would be carried on through to the 
final advertisement. 

Some printing-ink houses do put out charts showing the color 
combinations that can be obtained through the use of their stand- 
ard-process inks, but of course there is no unanimity on the sub- 
ject, each ink maker having his own ideas. Some central organi- 
zation such as the National Association of Printing Ink Makers or 
the Lithographic Research Foundation at the University of Cin- 
cinnati, might develop a standard chart that printing-ink makers 
would follow, and thus assure the printers standard colors no mat- 
ter from whom he buys his inks. 

The opponents of this plan point out that such a standardiza- 
tion would produce stagnation. There would be no incentive to 
bring forth new color combinations because these would be devia- 
tions from the standard. In order, of course, to prevent this the 
colors used as a basis for the chart would have to have a great 
variety, which brings us back to the multiplicity of colors obtain- 
ing now. 


ADOPTION OF A STANDARD NOMENCLATURE FOR COLORS 


The second case of standardization is the adoption of a stand- 
ard nomenclature for colors. Let us consider just a few names 
given to colors and see how close to a standard they run. There 
is primrose yellow for one instance. One dry-color maker puts 
out several shades of light yellow he calls primrose, one of which 
will match another maker’s “lemon yellow.’’ Another maker 
has a yellow with a high gloss that he calls primrose that is not of 
the same character as the first primrose in question. Then there 
are cerulean blues that are almost greens, and others that are a sky- 
blue. The author has seen colors called crimson in a range from 
a fire red to a deep magenta. Then there are geranium lakes 
which probably match some other maker’s dahlia red, and so on 


and so on. In most cases the colors are named fancifully like 
Pullman cars or collars. The author knows, for he has heen 
guilty of such enormities himself. 

There might have been some excuse for this romantic nomen- 
clature when the organic lake industry was young and colors 
were named so that no idea could be had of their chemical] 
composition, but in these days when the color man will tell the 
ink maker into just what class a certain pigment falls, there js 
no necessity for the wide variety of names. 

The colors that we use in our Cincinnati plant are these: 
Reds, 45; yellows, 13; browns, 4; oranges, 8; blues, 11; blacks, 
4; greens, 10; purples, 8; whites, 11. This makes a total of 114 
different pigments, so that really the standardization of ink in 
printing comes back to the standardization of the various colors 
made from it. 

Some system of standardized naming ought to be adopted such 
as the “Standard Color Card of America’’ issued by the Textile 
Color Card Association of the U. 8., Inc. On this card are dyed 
pieces of silk showing such colors as turquoise, ocean green, sear- 
let, geranium, etc., so that a very clear conception is had of just 
what each color is. 


SIMPLIFICATION AND STANDARDIZATION OF CoLors 


The third case of standardization is simplification. There are 
probably far too many colors that are mutually replaceable or 
that could be obtained by mixing other colors. The chrom 
yellows are a case in point. They run all the way from the very 
light acid yellow commonly known as “‘canary”’ to the very orange 
basie yellow known as deep orange chrome or similarly cesig- 
nated. Tentative steps toward simplification have been taken 
by a committee appointed by the Federated Varnish Production 
Clubs. It was agreed by this committee to start first with this 
chrome yellow series. It has been estimated that there are two 
hundred distinct shades of chrome yellow put out by the various 
manufacturers of dry color. It is proposed that this number be 
reduced to twelve, varying from the light yellow to the orange 
The committee feels that with these shades any desired combina- 
tion can be obtained. 

From the yellows to the iron blues and chrome greens Is 4 
fairly simple step, but with the wide variety of reds the difficulties 
might prove to be insurmountable. However, it will be extreme) 
interesting to watch the progress of this committee. Thi 
Department of Commerce has set out to standardize in industry 
and has already, it is reported, reduced greatly the number of 
varieties of bricks and dishes made, so it is not improbable that 
some progress could be made along the same lines in colors, not 
only in the paint and varnish industry but also in the printing-ink 
field. 


STANDARDIZATION OF CoLors BY MEASUREMENT 


Then finally in our consideration of the standardization of colo 
we come to standardization by measurement. The principle 
of the various schemes evolved is some index for each color de- 
termined in various ways, depending on the method used. For 
instance, one method is by spectrometric measurement of light 
reflected from a printed sheet of the color. The reflected light 
is broken down by the prism into its components, which are give" 
a scale value. Therefore, by reproducing these values by 4 ™* 
ture of colors representing the scale “readings,” one should be 
able to match exactly the original colored proof. 

On the surface this method appears very logical and the author 
is in no position to condemn it of his own knowledge, but he has 
been informed that transmitted light, such as light passié 
through: the solution of a dye, is accurately broken up, but “4 
flected light, such as from a printed proof, does not give true 
ues as not all the light rays are reflected but some are absorbed. 
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This lack of total reflection gives confusing results, and one inci- 
dent was told in which a color was analyzed in one part of the 
country and the graphic results sent to a branch in another, but 
when it was attempted to duplicate the color the results were 
anything but identical. 

While probably no one of these various methods of standardiza- 
tion may ever be adopted in its entirety, at least they are gropings 
toward some adequate system whereby artists, printers, pigment, 
and printing-ink makers, and users of color generally would be in 
agreement upon the subject of color. 

One writer has even gone so far as to dream that a system of 
notation could be adopted which one could read as if a sheet 
of music, and reproduce the color, as the inspiration of a musician 
is reproduced on a musical instrument. 

Certainly language alone is not sufficient to describe color, as 
witness this letter of a master stylist, Robert Louis Stevenson, 
from Samoa on October 8, 1892, to a friend of his in London: 


Perhaps in the same way it might amuse you to send us any pattern 
of wall paper that might strike you as cheap, pretty, and suitable for 
a room in a hot and extremely bright climate. It should be borne 
in mind that our climate can be extremely dark too. Our sitting 
room is to be in varnished wood. The room I have particularly in 
mind is a sort of bed and sitting room, pretty large, lit on three sides, 
and the colors in favor of its proprietor at present is a topazy yellow. 
But then with what colors to relieve it? For a little work-room of my 
own at the back, I should rather like to see some patterns of un- 
glossy—well, I'll be hanged if I can describe this red—it’s not Turkish 
and it’s not Roman and it’s not Indian, but it seems to partake of the 
two last, and yet it can’t be either of them because it ought to be able 
to go with vermilion. Ah, what a tangled web we weave—anyway, 
with what brains you have left choose one and send me some— 
many—patterns of this exact shade.? 


It might be interesting, as a study in color standardization to 
know just what Stevenson’s friend did send him. 

In conclusion, the author wishes to say that he has nothing defi- 
nite to offer as a system for color standardization, but hopes that 
out of discussion of the subject some practical system may result. 


Discussion 


Josern M. Farreu.* I have heard so much about standard- 
ization for the past two years that I just about dream it, and this 
is the first time that I have listened to someone talk from an 
inkmaker’s point of view offering something constructive. I 
cannot talk to you in theory, but I can give you a picture of the 
advertising business as it is today and tell you exactly where 
standardization stands. I do not know of anything that is more 
of interest in the production field of printing today or to the 
advertising trade than the standardization of colors. Some 
years ago the American Institute of Graphic Arts had a stand- 
ardization committee. It worked on some colors, and they had 
some very able men on the committee, who definitely decided on 
some very excellent colors. 

I am the buyer for a large advertising agency. When we 
work on a four-color advertisement, we proceed about as follows: 
We receive an art copy, and the advertisement is scheduled to 
4ppear in eleven or twelve of the largest circulated magazines in 
this country. The publisher tells us that we must give him 
original plates, and so we order certain plates, and the publisher 
tells us that we must use certain plates. Now, I believe that 
the advertising company in cooperating with the publisher and 
the engraver is tied down to all these things, which is a good 
thing as I see it. When we get the first set of plates, which is 
the first set which we would submit to our clients, a good deal of 
New York, Scribners, 1901. 
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time and thought have been spent on them. This one set of 
plates would be what we would call satisfactory, but there might 
be only three out of ten that we would really be satisfied with. 
When we get to some other colors, a blue or green would be so 
entirely different that we could get nowhere near to our engraver; 
and I am sure that if you look at any of the art advertisements 
as they are today, you will understand what I am saying. We 
would go to the publisher and almost beg him to let us use 
another color because the engraver could not get a good job; and 
in some cases we would be successful, but it would go into other 
magazines and you would have a very unsatisfactory job. 

Today I believe that standardization has progressed greatly. 
It is not 100 per cent right, but it has made good progress. 
Two years ago we went before the engravers and they approved 
our work, and then the advertising agency and our committee 
of the advertising agents association took up the great task of 
selling standardization to the publishers. Nobody else seemed 
to be able to do it, but we sat down and tried to convince them 
that it was necessary, and we also decided that the way to do it 
was to get the individual publisher’s opinion. I have worked 
with 165 publishers of general magazines and 200 publishers of 
trade papers, and except in a very few instances I do not know 
of any case where standardization was not received as a great 
work. I think I am very conservative, and I hope the company 
I represent is conservative, and I think that if there was anything 
in standardization that was going to physically hurt our product 
we would never be for it. 

For a year and a half the color work in our company’s plant 
has gone out with these standard colors, and we do not have the 
problem any more of going to the publishers and asking them 
to use some other color; so this is what I mean by saying that I 
am sure that we are making some headway. I know that a 
great many advertising agencies are cooperating with each other 
on the standard colors. 

Today practically all of the large magazines will accept our 
progressive policy in respect to our colors. Most of the old 
magazines are still on the old policy, but I think for good business 
reasons it is good policy to give the publisher what he wants, 
and that is all we are trying to do. 

Comparing the advertisements or the advertising that comes 
through today with the advertising that went through a year 
and a half ago, it shows much improvement. We have the 
same shades of color, and we have certain inkmakers, and the 
engravers tell us they must use their ink, so that we have to 
check up. Now the inkmaker gives the same shade of ink 
all around. I think that is where the author has hit a vital 
point. We endeavor to have a uniform standardization of ink 
all around and to be as near right as we can make it, and I[ 
think that this is the kind of constructive work that inkmakers 
can do to cooperate with each other—work to turn out a uni- 
form shade of color. 

Standardization has done a lot of good. When we get one 
set of plates it helps to check the others. Now, I think that it is 
wrong to do it any other way, because the engraver sells the 
proof with a certain ink to an agency, and he gives it to the 
publisher, and somebody from Chicago sends in the ad with one 
color, and somebody from New York sends in another color, 
and from the Pacific Coast in another color, and then they start 
compromising, and there is trouble. There are always a certain 
number of printing superintendents and engravers that throw 
cold water upon standardization for some reason. On the other 
hand, we have dealt with a large number of magazine publishers 
and printers of magazines, and their remarks and their efforts 
are encouraging us to realize that standardization is the right 
thing, if each person goes about it in the right way and takes 
the interest in it that he should. 
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My own experience is that we have had no particular difficulty 
with reproducing our copy in certain colors. If by chance it 
turns out that we have an unusual piece of art from the artist 
so that we need a little different blue, I would not hesitate to go 
to our publisher and ask him if it is not possible to use that color. 
Now I am talking against my own people as much as anybody 
else, and against photoengravers, and no photoengraver should 
use any other color than that specified by the publisher. If they 
do use another color, they should only do so after requesting the 
publisher's consent. 

Just to give you a certain example: The Curtis Publishing Com- 
pany said to us: “I hope you can put over standardization, but 
we are a little dubious,” and they specified that the photoengraver 
must use Levy inks and proving plates. They went to work 
with Levy inks and worked out that 1558, 1559, and 1560 were the 
inks that matched the colors that we wanted. Now we have 
notified every engraver that in making plates for the Curtis 
Publishing Company they should use Levy inks 1558, 1559, and 
1560. If our engraver sends in anything else, we return it and 
say, “You must meet the requirements of the Curtis Publishing 
Company; no one should use other colors except the ones spe- 
cified or by permission of the publishers,” and we are checking up 
on our photoengravers. 

I believe in this organization work which we have done with 
the publishers. The part that will help out is that if future 
work and technical work can be done among the ink manu- 
facturers, it will assist us to do our work with the publishers. 


T. Ope.‘ We have seen good results in using proper 
pigments in making the original, but in our case where we have 
pictures coming from all over the world, from the greatest 
painters of the world, should we attempt to secure standard- 
ization we would fall down ridiculously; in fact, it would be 
impossible. I think the statement as to what is the best way 
to handle the situation—that is, through publishers getting the 
engravers to use the inks that the publishers are going to use— 
is the only logical way to do it. Furthermore, if the publishers 
and the ink manufacturers will come together in connection with 
this matter of standardization and find out what they are talking 
about, that is an equally important step. The problem is just 
the same in lithography as it is in relief work, a very complex 
one, and it is becoming more so than ever before. Lithography 
today has come down from a multicolor proposition to that of 
a four- or five-color one. 

There is a help in color work of which all printers do not take 
advantage, and that is to place on the printing cylinders of the 
press circumferentially the same picture, so that by varying 
the amount of ink at each ink fountain a balance of all the values 
may be secured and thus a much better final print be obtained. 
Two different pictures placed circumferentially on the cylinders 
do not readily permit this adjustment, for a light amount of a 
color required for one picture may not be suitable to the other. 


A. J. Newton.’ The inkmakers are the most reactionary 
“standpatters’” I know of. We have had Mr. Priest, one of the 
great color experts in this country; we have Mr. L. A. Jones. 

Now, the first man to consider is the man who pays for the 
advertisement. Supposing you have a big advertisement, such 
as the Proctor & Gamble advertisement, in 25 different publi- 
cations. They pay an enormous sum for one picture, and you 
send out these advertisements, and you get different results in 
your color photography; not one of them is like the original in 


* Secretary, Providence Lithograph Company, Providence, R. I. 
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colors. Why not? Because all these publishers are using dif- 
ferent inks, and not one of these advertisements is like the other, 
and not one of these inks is like the other. Each one says, “| 
am going to use my ink;” and they are never satisfied, and least 
of all the man who pays for the advertisement, the customer-- 
he is the man who should be pleased in the first place. The 
publisher of “Life’’ magazine would bring up his magazine and 
show the illustrations they have put out and thought were 
fine; then they put the same advertisement in the “Woman's 
Home Companion” or the ‘Saturday Evening Post,” and they 
are as different as chalk and cheese. Now, that does not satisfy 
the man who is paying for the advertisement. If he is paying 
for the advertisement, he wants it to appear as he gave it to the 
engraver; and it is absolutely impossible while the engraver is 
using one sort of ink, the publisher another, and while each pub- 
lisher is using a different sort of ink. 

The customer says, ‘‘We will not buy this space in your maga- 
zine unless we can get standard colors.” Of course, it is better 
to use a standard set of colors. Each inkmaker uses a grade of 
ink of his own, and he says, ‘‘ Now, that is my red, and this is my 
blue, and this is my yellow;’’ and they each use different shades. 
And so we get together with an advertising agency, and most of 
them will specify a standard set of color inks that have been 
agreed to by the advertising publishers and have been agreed 
to by the inkmakers, and they will correspond. There is some 
sense to that, of course, but it is difficult to alter your standards. 

A man with an advertisement in 20 different magazines will 
get approximately equal results from every one. A couple of 
years ago this was not the case; they all were entirely different — 
some perfectly ghastly. I think we shall not only get things 
alike, but will improve our standards greatly. I am very pleased 
with the progress we have made. We have had opposition from 
everybody, especially from the engravers. The engraver says 
that he is going to use his ink, and no matter how he got it he 
does not care about the plates after they leave his hands. Now, 
you have the same problem with the publishers. They say, 
“T have been using these inks for years, and they are good 
enough, and my father used them before me, and they are good 
enough for me;” and if they will not conform to what he wants, 
he says that he will buy from someone else. 

With regard to forming these standards, of course tliere has 
been a lot of work done on standardization, and the reason we 
have not made better progress is the inertia of the people most 
concerned. They will not take the trouble to understand or 
think about the subject or work it out. Of course you cannot do 
away with fashionable methods, but that has nothing whatever 
to do with scientific standards of color, if you use scientific 
methods of doing it. The author said he found that the results 
from the photometer do not correspond. Of course, it takes 
time; it takes practice; it takes experience to use a scientific 
instrument; and if the apparatus were used properly, then the 
results would be the same. If a man uses a photometer the 
first time, he does not read it so accurately, but when he gets 
used to it, his results in using the instrument here in New York 
are the same as in California; and if he gets the same result 
and the same shade of color from the transmitted light and re 
flected light, then the shades are the same. There is quite 4 
difference in shade if you print a thing on a transparent medium 
and also on a perfectly white medium, and the same thing can be 
measured, recorded, imitated, and copied, and is perfectly definite. 

A color has three components: hue—that is, the actual shade; 
saturation—that is the amount of density or intensity of the color; 
brightness, or brilliancy of the color. Munsell has another sy* 
tem which has the same three components. He calls them hue, 
which is the shade; chromo, the intensity; and the degree of 
that particular hue. 
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You can take it in a scientific way, but it all can be done and 
it should be done, and | figure that every inkmaker should see 
that the ink corresponds to the color. It is absolutely necessary 
that the complementary color he uses should be a yellow, a 
yellow of a certain shade, which absorbs all the blue and at the 
same time reflects all the green and the red. The trouble is 
that you cannot get him to see it at all. The ink that you use 
for the green record should be exactly complementary to that 
green record; that is, a magenta, a color which is minus green, a 
color which absorbs all the green, and at the same time reflects 
the red and the blue. It has been very difficult to get the 
inkmaker to see that. It is very difficult to get the absolutely 
ideal theoretical colors, but we can go, and indeed we have 
gone, a great deal farther than they used to go a good many 
years ago. And now we are getting the colors very much nearer 
what we want, and they are more or less alike from the various 
inkmakers who have been approached in this matter. So we 
are getting some improvement. When we get these steps 
carried out, it will be the greatest economy and satisfaction to 
have anything to do with the production of ink and with the use 
of color reproduction. I am heartily in favor of color standard- 
ization. 


L. Garner.® After listening to Mr. Newton's talk 
on the standardization of ink, I want to say that some firms that 
I know have adopted a uniform art standard, as adopted by this 
standardization committee. In support of that statement let 
me say that recently we received an order from a local house, in 
which the formula numbers specified were absolutely unknown 
to us. We furnished the Graphic Arts standard, and the cus- 
tomer said, ‘““That is exactly what I want;’’ so I am sure that 
any institution and practically every printing concern in the 
United States of any moment will and can furnish Graphie Arts 
standards. If they have their own number, then they have 
adopted these standards as regular and correct and are prepared 
to furnish them to anyone who requests them. 


ALexanner Murray.’ In regard to the artist’s connection 
with standardized colors or the colors used in printing, it is 
possible, as the author has suggested, for the artist to paint 
with practically the same colors as the engraver uses; and in 
that case it simplifies the engraver'’s problem and it eliminates a 
good deal of extra work, but at the same time it limits the possi- 
bilities for the artist. It is largely in the hands of the advertiser 
a8 to what he wants to do. If the advertiser selects an original 
which has been painted without any artistic restriction, without 
any color restriction, he may or may not get a satisfactory repro- 
duction. It depends upon what means the artist uses to suggest 
his effects. If his effects were obtained by various deep layers 
of color—transparent pigment, for instance—that cannot be 
duplicated by any printing process, because we print with a 
very thin layer of color, and the psychological effect of a very 
deep, transparent pigment cannot be so duplicated. In one 
case the engraver may be able to retain the spirit of an original, 
without facsimile reproduction, but in another case, only a 
perfect reproduction may retain enough of the spirit of it to make 
it worth while using the original. This question is connected 
with the ability of the advertising man to size up what there is in 
the picture and what the engraver can get out of it. It seems 
rt a if any attempt is made to limit artists to the use of a 
ore. gp colors it would make it very unlikely that there 
Very | e any rapid improvement in reproduction methods. 

y largely, the amount of improvement and the progress that 
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has taken place in the methods of photographic reproduction 
are due to the difficulty of reproducing works of art and the 
fact that these works of art are “over the heads” of the engravers. 
There is something to aim at which they would not have if the 
artist ‘painted down” to their process. 


Mr. Newton. We must not forget that people endeavor to 
get a facsimile, but it is absolutely impossible to get a facsimile 
of a water color, an oil painting, or a pastel drawing. Customers 
overlook this. Any water color or oil painting or pastel is no 
facsimile of a landscape; it is merely a representation, a sort of 
suggestion of what the painter saw; it is merely an imitation. 
The first thing a customer asks for is a facsimile of what the 
artist gives you. Bear that in mind. 

Now, the second thing is, as Mr. Murray just has stated, that 
it is impossible and would be fatal to tell the artist, a man of 
ideas, a man of temperament, a man of ideals, that he must 
paint a picture in just three colors and that he must paint it in 
just this way. My experience is that it is very difficult to 
reproduce a thing painted in just three pigments. I do not 
say that it is impossible. We have only three inks to use, and 
some combinations that an artist will use are outside the limits 
altogether. It is quite impossible to reproduce them unless you 
have a special printing in an ink of the exact shade. Now, some 
time ago they reproduced some of Turner’s paintings which 
were rather close to the original; some of them had as many as 
40 printings, and they got something like 40 colors; and it is 
impossible to get that by a mixture of only three colors. That, 
also, should be borne in mind. What we must attempt to do is 
to approximate as near as we can to the artist, and if you reduce 
the artist to using only three-color paintings, it will be very 
discouraging and unpleasant, and it would be a sort of step 
backward instead of a step forward. We should not try to re- 
strict the artist—although we may ask him not to use impossible 
colors—but otherwise give as much freedom as we can. As 
Mr. Ode said, you get the originals from all over the world, but 
you cannot expect that you are going to get an exact facsimile of 
an oil painting; that is an impossibility. 


Mr. Farrevu. I believe that a great many artists, the ones 
that make paintings for the magazines, will gradually be edu- 
cated along this line. My experience is that some of our work 
that is coming through is more popular with the general maga- 
zines, and I think that we will gradually improve in the type of 
work that is coming through. When I first went into the stand- 
ardization work, we started to apply it in our own office, and 
we had to impress the engraver with the use of standard colors 
to keep in mind the reproducing of our piece of art right from 
the beginning. There was just one problem that we had in 
our office, and that was with the reproduction of a package. 
We could see that with the standard colors we were using we 
were not going to keep near the package, and of the maga- 
zines that we used every one had a different blue; so we experi- 
mented and we settled that, and we do not have any further 
trouble, except that we found it is different from a standard 
blue. In that we arrived at the color with a solid blue; I 
would say a middle tone of the black, using the standard colors, 
and it turned out our package all right. We had to impress 
upon our engraver that he must keep the standard colors in 
mind. I think every engraver must first bear that in mind. 
After a great deal of fussing around we have the same color 
package today that we had a year and a half ago, by using 
blue and adding red to it. There is no doubt about it that if 
you just reproduce a painting and work it in any way, you will 
not get as good results as if you keep the standard colors in mind 
and work it intelligently. 
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Wituram C. Guass.* It seems to me that there are two dis- 
tinet fields—one which may be called the commercial, and the 
other the artistic. A certain manufacturer of a nationally ad- 
vertised product when he gave out an order specified that the 
inks should be purchased from a named manufacturer and must 
be in certain colors. It worked a hardship, because there is no 
question that this ink could have been matched by other ink 
manufacturers. The point was that the advertiser, the manu- 
facturer of the product, wanted exactly the same product in 
San Francisco as was made in the East. In some cases he did 
not get it even under these specifications. There was a wide 
variation in packages purchased from different plants. However, 
there is a difference of opinion on the question. 

It seems to me that the first of these two fields includes a 
large part of the commercial trade, which can be standardized 
and in which the artist can be held to a certain color chart. On 
the other side there is the question of reproducing oil paintings of 
old masters, the reproducing of art panels, etc., all of which is 
distinctly related to the artistic field. In this work standards 
certainly cannot be maintained if faithful reproductions are to be 
made. 


Irvinc F. Nites. Some time ago we had considerable diffi- 
culty in getting the proper color effect on a job moved from our 
Chicago plant to our New York plant. We shipped the ink 
and paper from a lot that had been used in Chicago to New York, 
but for some reason, we could not get the same color effect in 
New York that we could in Chicago, and finally we had to ship 
the whole job back to Chicago. We tried our best to get the 
same color effect, but we simply could not get the thing right; 
in fact, we had a man come from Chicago to New York, and even 
then we could not get it. No, we did not bring the presses. 


Mr. Murray. I would like to ask those who are familiar 
with the selection of the three-color standard inks of the American 
Institute of Graphic Arts whether any work has been done on the 
establishment of specifications based on spectral measurements 
of these colors or whether the standards are selected from certain 
manufacturers by rule of thumb without any other specifications 
of a scientific nature being adopted. Has anything of that kind 
been projected for the future? 


Mr. Newton. There has been considerable done by the 
Bureau of Standards, and that is the nearest that would come 
to that specification; of course, none of them does come to that 


8 U. P. M.-Kidder Press Company, New York, N. Y. Mem. 
A.S.M.E. 

§ Supervisor, Plants and Equipment, American Colortype Com- 
pany, New York, N. Y. Mem. A.S.M.E. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


specification, but it is something to shoot at. There is a gregt 
deal of work being done on it, and I think we have made 
great step in advance in getting the printing ink manufacturer 
to agree to standardization of colors, and I think that none of 
them thinks they are perfect. If you get the publishers to print 
with you and if you get the engravers to work with them, | 
think it is a step forward. Now, I think we shall improve on 
that in time and get them to adopt fresh standards. At the 
present time we are a hundred times better off than we were 
a few years ago. We are not satisfied; we are a long way from 
being satisfied, but we are making a step forward. Everybody 
is much more comfortable than when they started in this stand- 
ardization work. 


L. Basuwiner.” I think that commercially a good many 
jobs now being done in six, seven, and eight colors can be re- 
produced in four. In order for the lithographers to be in line 
with some of the printers, they must reduce the amount of colors 
they use. Where they have control of their own artists, [ think 
that standardization can be accomplished. They have more 
chance to compete with the other printers than they have had 
inthe past. I fully advocate the idea that a subject be reproduced 
in the standard colors, three or four colors, that is now being 
done in six, seven, and eight colors. 


Mr. Nites. Mr. Bashwiner is right; we have found subjects 
that are now being printed in three or four colors just as good as 
any we have ever seen, and other lithographers have said that it 
would take seven or eight colors for the same subjects that we 
have printed in four colors. 


AvTHor’s CLOSURE 


The practical inkmaker, as I have known him in the past, 
has been a man that has learned by his experience rather than 
by any scientific research. I am sure that today there is more 
of a tendency to keep in touch with the laboratory than ever 
before. One of the best ways to react upon the inkmakers is 
for the customer toe get after him; he is usually responsive to 
what his customers want, especially so if they say they will get 
it from somebody else. 

I would say that Mr. Glass has “hit the nail on the head.” 
Have enough printings, in reproducing an oil painting, to get 
what you want, and try to confine your commercial artists to 4 
commercial line of colors, if that can be done. 

We have learned a lot since we came here. I have a very good 
idea now of the whole thing. When I started out, I knew very 
little about standardization, but I have learned quite a little. 


10 Karle Lithographing Company, Rochester, N. Y. 
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ET us go back to the middle of the fifteenth century and 
see what the savants of that period were thinking about. 
There are certain historical records which deal with the 

conflict of those who held sacred the original or humanistic art, 
popularly known as the hand-lettering art, with those proteges 

of Gutenberg, who advocated the new-found printing art. 

It may be said that Gutenberg gave to mankind the inspiration 
which has marched on triumphantly through time and increased 
with fervor and force, each generation having been a contributor 
to the arts and inventions for the glory and advancement of civi- 
lization. Aldus Manutius, historically known as Aldus, took up 
the task as Gutenberg’s life ebbed away, but it was a thorny 
path which he traveled. 

But Aldus was determined. His was a great vision. The 
severity of the opposition of powerful patrons of humanistic 
art did not dampen his ardor in behalf of Gutenberg’s invention. 
Aldus was more than a protege; he was a promoter of a new idea 
which he clearly understood, and which he regarded as revolu- 
tionary, yet highly important, not only as part of the evolution 
of book making, but most valuable ‘‘to illuminate,” as he said, 
“a dark and troublesome age with the greater dissemination of 
knowledge.” 

One of Aldus’ most severe antagonists was the Duke of Urbino, 
whose magnificent collection of humanistic art of the middle of 
the fifteenth century can be seen today in the Laurenzian Li- 
brary at Florence, Italy. The Duke had this to say: “In that 
library the books are all beautiful in a superlative degree and all 
written by pen. There is not a single one of them printed, for 
it would have been a shame to have one of that sort.” 

It was Aldus’ extraordinary physical endurance against perse- 
cution and bodily attacks which saved the day for Gutenberg’s 
invention and really raised the curtain for the dramatic entry 
of the mechanical genius. 

More than a third of a century of intimacy with the printing 
industry has permitted me to enjoy one thrill after another and 
many of them provided by the energy of the engineer. 

I have seen an old Cottrell press, turning out 600 papers an 
hour, replaced by the web press printing 700 a minute. The old 
stereotype foundry that required 12 minutes to make a plate 
long ago passed into oblivion, to be succeeded by equipment 
making four plates in 3 minutes. The attache of the compos- 
ing room would be amazed if he returned to life and visited his 
old haunts, for he would be bewildered by the complete change 
of scene, speed, and action. What a marvelous contribution to 
this great drama by the engineers of our present generation! 

As recently as 10 years ago one would have been declared a 
madman even to hint a straight-line or progressive production 
for a composing room. But the genius has an uncanny way of 
anticipating difficulties and establishing certain fundamental 
principles to accomplish marvelous mechanical feats. And in 
this city of Rochester there is a straight-line production news- 
paper plant, probably the first success of its kind, at least in 
this part of the country. 

Wander around a newspaper composing room and see what 
the mechanical engineer has contributed to progress. A third 
ofa century ago all t ype was set or composed by hand. A first- 


class compositor would set about one line, column width, of news 
‘ype a minute, 


’ Production Manager, Gannett Newspapers, Inc. 
Ind nted at the First National Meeting of the A.S.M.E. Printing 
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The Spirit of the Creative Age 


By ROBERT W. DISQUE,! ROCHESTER, N. Y. 


A man named Mergenthaler, with a restless, tireless nature, 
felt the urge for invention. Others too, were afflicted with the 
same urge and made valuable discoveries and contributions 
toward the perfection of a typesetting machine. Mergenthaler’s 
theory, however, seemed to be the most practical. Its simplicity 
of performance revolutionized the composing room overnight. 
The first Mergenthaler machine, for example, produced single 
column news lines four times more rapidly than could be accom- 
plished by the speediest hand compositor. Furthermore, each 
line was cast on a solid slug, which made it possible for the 
printer to handle composition with greater ease and rapidity. 

These first inventions of Mergenthaler were limited to the 
use of one size and style of type. The matrices, or molds, of 
type contained only a single letter and were known as one-letter 
matrices. Soon after the successful production of the single- 
letter matrices it was discovered that two letters could be cut 
into the matrix, and with a slight mechanical improvement, the 
printer could produce either a roman letter or an italic letter 
on the same line or slug. Of course, both letters had to be of 
the same size in order to pass through the type mold for per- 
fect production of the letter and the type line. Therefore, the 
first type-setting machines produced four times more than the 
human hand, but only one size of letter and a line of news column 
width. 

While the fundamental principles of machine-type composi- 
tion have been retained, the genius of the engineer has been 
active in redressing the mechanism so that the performance of 
a modern typesetting machine is so diversified that it seems al- 
most human. From four lines a minute the machine’s speed of 
production has been increased to six lines. While the first ma- 
chines cast an agate line about one-fourteenth of an inch in size, 
today a line nearly nine times larger is successfully produced. 
In the beginning a machine was equipped with one-letter matrices 
of a single size. Today the modern machines all have two- 
letter matrices, but the engineer has created a flexibility of mecha- 
nism which makes it possible for a single machine to produce 
as many as twelve styles and sizes of type. If Gutenberg and 
Aldus could come back to civilization today, what a glorious 
tribute the mechanical engineer of our time and generation could 
be accorded by those men who may be properly called the fathers 
of typographic invention. 

The Intertype machine, too, has made notable contributions 
to the perfection of machine composition. The Intertype and 
the Mergenthaler employ practically the same fundamental 
principles of composition, casting, and distribution. While each 
machine has its own useful features of production and construc- 
tion, both are accepted as standard equipment for the composing 
room. 

Notwithstanding the remarkable accomplishments revealed 
in the typesetting machine, there are other mechanical geniuses 
who have made valuable and astonishing contributions to type- 
casting in order to facilitate the requirements of the newspaper 
composing room and to fill the demands of display advertising. 
The Ludlow type-casting machine makes it possible to produce 
type slugs ranging in size from one-fifth of an inch up to two 
inches. The Monotype machine’s performance in type-setting 
and type-casting is really another wonder of the age. This 
machine extends its usefulness beyond type-casting and includes 
the production of dashes, rules, borders, and spacing material 
with a speed and accuracy which only the printer and the engi- 
neer can properly appreciate. The Elrod material-casting ma- 
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chine, also, has demonstrated its real value and worth in the 
newspaper composing room. 

Today the compositor devotes all his time to production. 
Every letter and line of news or advertising appears each day in 
a fresh, new dress. No type is used the second time. 

Every movement centered in the composing room of today 
reflects the thought and skill of the engineer; every device is a 
tribute to his genius, so that without the contribution of the 
mechanical engineer it would be utterly impossible for the news- 
paper to accommodate the reader and the commercial demands 
of our day. 

But the untiring effort of the engineer penetrates every unit 
of the newspaper’s mechanical departments. His work is again 
seen in the stereotyping foundry. As the type pages leave the 
composing room, the stereotyper greets them with an admirable 
simplicity of action and with the full assurance that with his 
skill and his mechanical devices he will fashion the page into a 
perfect reproduction within a few minutes. 

In earlier days it required about 12 minutes to make a plate 
reproduction of a type page. Today a plate can be delivered 
to the pressroom in 3 minutes, if necessary. The improvements 
in molding machines, metal furnaces, casting boxes, cooling and 
finishing machines, automatic plate drops, startle the mechani- 
cal mind of yesteryear. What was then known as the wet mat, 
which required considerable time to prepare, is now replaced 
by the high-speed dry mat, delivered from the manufacturer 
and ready for instant service. Molten metal, which heretofore 
was carried in ladles by two men to casting boxes, is now electri- 
cally and automatically pumped into the boxes with but a touch 
of the hand. Casting boxes which in earlier days delivered one 
plate in three minutes now send to the finishing machine four 
perfect plates in three minutes. The hazards to men and product 
of the stereotype department have been greatly eliminated, 
and the speed has been increased fourfold by the mobilization 
of thought and action of the engineer and the foundryman. 

Without the performance of a press, the last chapter of the 
newspaper drama could not be written. The whole civilized world 
pays tribute every day by its purchases of newspapers to the 
American press manufacturer. It is my belief that no civilized 
country is without an American-made newspaper press, so that 
the mechanical genius of the American engineer is far flung be 
yond the borders of his native land. Nor would I be mistaken 
in saying that Benjamin Franklin introduced American news- 
paper methods abroad, for it is a well-known fact that this 
extraordinary and historic character mobilized his resources, and 
several times the resources of others, to give our wonderful 
nation a place in the sun with the aid of the printed word. 

One minute, and sometimes less, after the last plate or page 
is received, the press starts humming, singing its song of service 
to civilization. Racing against time, traveling at tremendous 


speed, yet issuing its product with accuracy and precision, these 
modern newspaper presses exalt the efforts of those who have 
made possible this marathon performance. 

In days gone by, one unit, or a single press, operated inde- 
pendently of the other presses. Today a “hook-up’’ of any 
number of units has been made possible by the coordinated 
efforts of the mechanical and electrical engineers. The syn- 
chronization of motors enables productive expediency. The 
hook-up of units gives the publisher almost anything he wants 
to perfect a public service. The single-roll feed method of yester- 
day has been replaced by the triple-roll reel system of today. 
One roll of newsprint is fed into the swift-revolving cylinders 
with astonishing smoothness and accuracy. Replacement of 
rolls heretofore required a complete stop of the press; today 
the modern reel system has a fresh roll of newsprint in perfect 
position, ready to slip into its place of service while the press 
is in slow-down operation. 

As the papers slide out to automatic conveyors in an endless 
stream, one is captivated by the neatly printed and folded copies, 
all counted and all ready to assist the circulation department 
in its exciting race to please and serve an interested and anxious 
public mind. 

Rochester has a newspaper plant with a productive capacity 
which is perhaps the greatest in the world. The figures available 
lead me to say that the composing room doing the composition 
for The Times-Union and The Democrat and Chronicle probably 
turns out as many pages of news and advertising in a day as are 
produced by the largest newspaper plants in the world. Only 
the most modern equipment would permit such an enormous 
volume of composition. 

The newspaper has been generously attended to, but inven- 
tive genius has been tireless in its labors to aid in the perfection 
of the printing art and industry. The commercial printer and 
the lithographer, the offset and intaglio printer, have all honored 
themselves with such contributions to the printing art as would 
have charmed Gutenberg and Aldus and softened the heart of 
the irreconcilable Duke of Urbino. 

Students of philosophy and philosophers revel in the wisdom 
of Aristotle, Aurelius, Socrates and other giants of the early 
intellectual period. What a rich heritage we possess! And 
what a well of wisdom we have to draw from to stimulate and 
restrengthen our initiative. But theirs was only an intellectual 
age. 

It seems to me that we are not lacking in appreciation of 
our inherited wisdom of the savants of earlier centuries, for the 
world today is proof of our energy and progress and of our per 
formance, action, and achievements. We are not only think- 
ing about things, but we are doing things. We can only main 
tain “‘the spirit of the creative age’’ by continued thinking, per 
formance, action, and achievement. 
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Modern Bronzing Problems and Methods 


Public Demand the Reason for Universal Use of Bronze for Decorative Purposes in Printing— 


The Vacuum Bronzer—Automatic Conveyors for Bronzing Machines— 
High-Speed Vacuum Bronzing Machines and Their Operation 


By WILLIAM C. GLASS,!' NEW YORK, N. Y. 


operations in certain branches of the printing and litho- 
graphic industries. It is often referred to as a necessary 
evil. Twenty years of personal experience in this field has, 
however, witnessed a phenomenal increase of the necessity 
and a reduction, amounting practically to elimination, of the 


— is one of the least popular and most important 


evil. 

Necessity for the bronzing operation is so obvious as to be 
overlooked, but this necessity is so thoroughly grounded in nat- 
ural laws as to establish its permanency beyond any attempt or 
desire to modify or eliminate it. Gold and its visual substitutes 
hold a unique place in this world of ours for two reasons: _ first, 
gold is a precious metal, and second, it possesses color properties 
which are entirely lacking in any other vehicle used for decorative 
purposes. 

From time immemorial man has intuitively considered gold as 
the standard of intrinsic value and the symbol of worth and merit. 
The Babylonians applied gold leaf to the mural decorations of 
their temples; the Egyptians used it in coating the mummy cases 
of their kings; the Greeks gilded the colossal statue of Athena 
which crowned the wondrous architecture of the Acropolis; the 
Romans used gold in the decoration of household furniture; the 
monks of the Middle Ages used it to illuminate their manuscripts; 
the old master painters used it to adorn the frescos of their ca- 
thedrals and abbeys; Louis XIV, “Le Grand Monarque,”’ reveled 
in it, as did the art of the Near East from the Moors of Spain to 
the Moslems of Byzantium, and the countries of the Far East, 
India, China, and Japan. 

Today gold is used everywhere for decorative purposes. A 
careful examination of any decorative or color scheme which 
makes a special appeal and commands unusual attention will 
invariably disclose gold as the element without which it would lose 
its individuality. And so through the ages the impelling lure of 
this wonderful metal has found its reflection in a demand for 
bronze as a decorative medium wherever the esthetic taste is 
relied upon to build up an appeal, whether that appeal is simply 
to satisfy the artistic temperament or to attract the prospective 
purchaser. This principle has successfully withstood the test of 
competitive endeavor. 

In its chromatic value gold may be considered as both a neutral 
and a contrasting color. While it harmonizes with all colors it 
also serves to set them off and to enhance the value of every hue 
and tint. It is a perfect foil. Doubt that gold is a perfect foil 
for pictures in color will be at once dissipated by the inspection 
of any art gallery where the unanimity with which artists have 
adopted gilt or bronze for their frames will be at once apparent. 
As for the use of gold as an integral part of a decorative painting, 
we have only to point for authority to such master American 
painters as Sargent, Abbey, and Maxfield Parrish. Some years 
“go a small group of rebellious artists started a movement to 
supplant the traditional gold frame with frames of black or 
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dark-finished wood. For paintings in color it was a failure. The 


public, which is always the ultimate judge, could not be won over; 
they recognized the appropriateness and the artistic color relation 
of gold. 


Pusiic DEMAND THE REASON FOR UNIVERSAL Use oF BroNzE 
FOR DECORATIVE PURPOSES 


For the same reason it is public demand which has increased 
the use of bronze by many tons, until today even a guess at the 
total volume used would be hazardous. The successful use of 
bronze means the unhampered salesman, the emancipated artist, 
and the satisfied customer. Public demand is the one big reason 
for the universal use of bronze on ‘practically every commodity 
which is offered for sale in package form. If there is any disposi- 
tion toward skepticism, one has only to survey his own home and 
he will find bronze labels in use from the kitchen pantry through 


Fie. 1 Stranparp Vacuum Bronzer ARRANGED 
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(Note that the cyclone exhausts into the pressroom with no 
outdoor connection.) 


every room in the house. Bronze labels are used on canned goods, 
packages of foodstuffs of every description, bottle labels, cos- 
metic boxes, phonograph-record labels, playing cards, cigarette 
packages, cigar bands and boxes, hosiery and all kinds of textile 
labels, writing paper, decaleomania transfers, candy-box wrap- 
pers, chewing-gum wrappers, souvenir postal cards, and so on 
through the entire line wherever a label or wrapper is used on any 
type of merchandise or wherever a decorative scheme is relied upon 
to stimulate sales appeal. 

This lengthy preface is not to be construed as an excuse for 
bronzing, but rather as a reason for its being and as a warning to 
those who may feel that it is not of sufficient importance to merit 
serious consideration from the standpoint of necessity for equip- 
ping with as up-to-date and efficient machines for this operation 
as for their other manufacturing processes. 

The antipathy of the printers and lithographers toward the 
bronzing process is not without foundation, because the mere 
mention of bronze doubtless carries many of them back in retro- 
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spect to their apprenticeship days when bronzing was done by 
hand. This meant rubbing bronze on a printed sheet with a wad 
of cotton batting, and then brushing the sheet again with another 
wad of cotton batting to remove the surplus bronze. In those days 
bronzing had to be done in an isolated part of the plant, because 
the powder spread rapidly through the room and covered every- 


in 
Fig. Sranparp Fiy-De.ivery Vacuum Bronzer CONNECTED TO 
A Two-Revo.uTion FLat-Bep PrIntTING Press By MEANS OF AN 
Automatic DrIvE AND CONVEYOR MECHANISM 
(Guards have been removed from conveyor brackets to show sprocket 
Pa and chain drive. Note that cyclone exhaust is connected out of doors.) 
ig 


Fig. Fiy-Detivery Vacuum Bronzer CONNECTED TO 
AN OFrrseT Press OF THE PosiTivE—or FLOoR—DeELIvERY TyPE 
¢ BY MBANS OF AN AUTOMATIC DrIVE AND ConvEYOoR MECHANISM 
. Gag (This outfit is limited in speed by the bronzer to 1800 per hour, even though 
\ the press will run 3000. Note pulley blocks for raising conveyor from press 
when bronzer is not in use.) 


aa thing in its path. The boys who did the work usually wore 

; sponges over their noses to prevent inhaling too much of the 
bronze dust, and they were also supplied with a plentiful quantity 
of milk to drink as an antidote for the supposed injurious effects of 
the bronze dust. One can hardly be blamed for wanting to avoid 
sucha condition. In spite of this condition, however, the demand 
for gold increased, and as a natural consequence machines were 
developed to take the place of this hand operation. The ma- 
chines were a decided improvement, of course, but were far from 
satisfactory because they cured only some of the evils. It was 
not until 1907 that the first so-called “vacuum” bronzer with a 

. positive delivery was introduced to the market. This machine 
met with instant and universal approval, and was adopted by 
the leading plants throughout the country. 
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THe Vacuum Bronzer 


This vacuum bronzer consisted of two cylinders, each provided 
with grippers. (Fig. 1.) The sheet, which had been previously 
sized in a printing press, was brought to the bronzer and fed to 
gages similar to the press itself. The grippers in the larger 
cylinder engaged the sheet and carried it around past successive 
pads and rollers, then transferred it to grippers in the second 
cylinder, with the face of the sheet against this cylinder so that 
the back of the sheet could be dusted. The sheet was then de- 
livered to a fly mechanism, similar to the well-known fly delivery 
on a printing press. 

There is no intention in this paper to discuss differences in 
particular mechanisms between various types of bronzing ma- 
chines, but rather to point out certain fundamental principles 
which in themselves have dictated ultimate results. It is a fact, 
however, that no fundamental change has been made in the 
principle of the vacuum bronzing machine in the last twenty-one 
years. The changes which have been made in vacuum bronzers 
have been dictated more by changing conditions in industry than 
by a necessity for improvement in the machine itself. 

Attempts have been made to revert somewhat to the so-called 
flat bronzer which was discarded by the lithograph trade many 
years ago as inefficient, inadequate, and generally unsatisfactory. 
In this type of machine, generally speaking, the sheet is carried 
through on a belt or tape in a straight line instead of going around 
a cylinder. Practically all flat bronzing machines have no grip- 
pers to carry the sheet through, but depend entirely on friction. 
Such machines operate with fair results on heavy paper and card- 
board, but when the paper is at all curly or uneven the leading 
edge is usually crumpled or torn, resulting in a total loss of the 
sheet. It is also a demonstrated fact that in this type of bronzer 
the sheet cannot be properly burnished and dusted. Experiments 
with bronzing machines of the flat type equipped with grippers 
have been equally unsuccessful. Bronzing machines of the 
flat type are comparatively inexpensive to build; they have been 
known to the trade for many years, and yet there are so few in 
use, except in very small sizes, as to practically eliminate them 


Fic. 4 Sranparp Vacuum OF THE 
CyYLiInDER Type, Wits DELIVERY 


from serious consideration. They cannot be considered as at all 
efficient for mass production. They are short-run or special-pur- 
pose machines. On the other hand, when 80 to 90 per cent of all . 
the bronze work in this country is being produced on a certs! j 
type of cylinder bronzer, that in itself is conclusive proof of its 
efficiency and constitutes a vindication of the underlying pm 
ciples on which it is built. 
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AvToMaTic CONVEYOR FOR BRONZING MACHINES 


When the vacuum bronzer was first introduced to the market, 
automatic feeders and high speed were not the watchwords as they 
are at the present time. Developments along these lines, how- 
ever, soon led to the automatic conveyor for bronzing machines 
about the year 1911. (See Fig. 2.) This is a simple tape device 
which connects the delivery mechanism of the press with the 
bronzer so that the sheet can be fed directly and automatically 
from the press, after being sized, to the grippers of the bronzer 
and thence carried through the bronzing operation for delivery 
to the jogger board of the bronzer. When using a conveyor the 
bronzer is driven from the press-driving motor by means of a 
roller-chain connection so that both machines are synchronized. 
The conveyor can be readily disconnected when the bronzer is 
not required, so that the press may be used for other work inde- 
pendently of the bronzer. 

The conveyor made possible service and improvements which 
could not have been anticipated before its introduction. The 
practice in hand feeding was to carry several sheets from the 
press over to the feed board of the bronzer and then feed them 
through the bronzer by hand. Obviously the last sheet out of 
the press would be the first sheet into the bronzer, and the first 
sheet out of the press would be the last into the bronzer. There 
would be a noticeable difference in the quality of work between 
these extremes, making it necessary to carry a sufficient body of 
size on the sheets so that the last one into the bronzer would still 
take bronze. 

This hand feeding also required considerably more labor and 
resulted in a great amount of spoilage, besides the loss of time 
and decreased production. 

With the automatic conveyor, the sheets go into the bronzer 
at a predetermined time after being printed with size, so it is 
possible to reduce the amount of size to the minimum and still 
obtain a satisfactory bronzed job. There is no loss in produc- 
tion, because the bronzer is timed absolutely with the press; 
there is no excess of labor, because the bronzer is fed automatically 
from the press. 

With the rapid increase in popularity of the offset press new 
problems arose in bronzing requirements, and these problems 
were not confined entirely to the necessity for increased speed. 
With printing presses, the usual practice was to confine the bronze 
work to one press and have the bronzer connected to this press 
with a conveyor. There were many differences of opinion 


Fic.5 Sranparp Hicu-Sprep Vacuum Bronzer CONNECTED TO AN 


OrrseT Press py MEANS OF AN AvTomaATIC DRIVE AND 
Conveyor MECHANISM 


(The sheet is not touched by hand after being put into the automatic 


feeder of press until it i F F 
speed, 3000 par is from the pile elivery of the bronzer, 
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Fic. 6 Sranparp Hicu-Speep Vacuum BRONZER CONNECTED TO 


AN OrrsetT Press, SHowinG Course OF SHEET From DELIVERY 
MECHANISM OF PrEss TO FEEDING-IN TAPES ON BRONZER 


Fic.7 STanparp Hicu-Speep Vacuum Bronzer CONNECTED TO AN 
Orrset PrREss 


(This is a special installation because of limited space available in which 
to install the bronzer. The bronzer is mounted on special wheels and tracks 
set into the floor. As shown, the bronzer is rolled up to the press delivery 
into operating position, leaving a passageway behind the bronzer. When 
not in use it is rolled back against the wall, leaving a passageway between the 
press and bronzer.) 


Fie. 8 Stranparp Hieu-Speep Vacuum BRonzER CONNECTED TO A 


Direct Rotary Press 
(This is a special installation. The press is used for bronze work ex- 


clusively and the machines are arranged with the delivery mechanism of 
the press directly above the feeding-in tapes of the bronzer. Neither the 
= nor the bronzer can be used independently of each other. 


500 per hour.) 
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on this same question in regard to offset presses, because it 
was felt that all the colors, including bronze sizing, had to be 
printed on the same offset press in order to assure accurate reg- 
ister. It seems, however, that this objection has been fairly 
met, because the benefits of printing colors on several presses, and 
especially in large plants, have been so great as to merit careful 
attention. The bronzing operation was benefited thereby, so 
that at the present time, except under unusual conditions, a 
bronzer can be connected up to one offset press in a group and all 
of the bronze work can be diverted to this one outfit, regardless 
of the offset press or presses on which the preceding colors were 
printed. 


HigH-Speep VacuuM BronziInGc MACHINES 


The problem which the bronzer manufacturer had to solve was 
that of increased speed, and this has been accomplished by high- 
speed vacuum bronzing machines which are capable of maintain- 
ing guaranteed speeds of 3000 sheets per hour. 

These high-speed machines are the same in principle and in all 
essential mechanisms as the original vacuum fly-delivery bronzer, 
except that the fly-delivery mechanism has been replaced by a 
lowering-pile-delivery mechanism. (Fig. 4.) In some cases the 


Fie. 9 Four-Cy.inper Higu-Speep Vacuum BronzEeR CONNECTED 
To AN OrrseT Press spy MEANS oF AN AvuToMATIC DRIVE AND 
Conveyor MECHANISM 


(This is the latest development in high-speed bronzing, producing ab- 


solutely clean sheets at the rate of 3000 per hour.) 


bronzing cylinder has been provided with two sets of grippers 
diametrically opposed so that two sheets can be bronzed for 
each revolution instead of one as in the case of the fly-delivery 
machine. (Fig. 5.) This feature permits of 3000 sheets per 
hour with the bronzer actually running only 1500 per hour, which 
was the average speed for hand feeding. 

The all-important objective is, of course, the cleanest possible 
sheet. Before the introduction of the vacuum bronzer there were 
dusting machines on the market through which bronzed sheets 
were fed for an additional dusting. The introduction of the vac- 
uum bronzer solved this problem of bronzing and dusting in one 
operation in a highly satisfactory manner, except for certain 
unusual requirements. There are some classes of work which 
have to be dusted again because of subsequent operations. This 
dusting, however, is not necessarily due to the failure of the 
bronzer to dust the sheet properly. Bronzing consists of imping- 
ing a coating of bronze flakes on a somewhat tacky surface of 
sizing. When this surface under the bronze dries it will be found 
that there are many unattached flakes of bronze lying free or 
between other attached flakes on this surface. Running the 
hand over the sheet dislodges these flakes or breaks off the tops of 
others which may be simply held by a point in the sizing. 


Therefore, for such bronze work as had to be subsequently 
calendered or varnished, it was found advisable, if not always 
necessary, to dust the sheets again. For this operation also the 
old-fashioned dusting machine gradually gave way to the bronzer 
because the latter could be readily cleaned out and the sheets 
put through a second time for an additional burnishing and 
dusting. Many concerns equipped themselves with an additional 
bronzer to be used exclusively as a duster. Then in case of an 
emergency the duster could also be used as a bronzer. The most 
efficient dusting machine consists of a bronzer with an automatic 
feeder attached to eliminate the hand feeding operation. It is 
advisable to allow bronzed sheets to stand for several hours be- 
tween the bronzing and dusting operations. On the other hand, 
good results can be obtained by running the sheets through the 
bronzer immediately after being bronzed, provided the bronzing 
has been done on a machine equipped with an automatic conveyor 
so that the minimum amount of sizing has been used. 

Combining these thoughts produced the obvious result of « 
still further improvement in the vacuum bronzer in a four-cylinder 
machine which has recently been introduced to the trade 
(Fig. 9.) This machine is practically two machines combined 
in one. It has two distinct vacuum attachments, one for the 
bronzing unit proper and one for the dusting unit. The sheets 
can be taken from this new bronzer and run through a varnishing 
machine without redusting which is the most severe test that 
can be applied. It represents the ultimate of perfection in 
bronzing equipment, because it combines speed with quality and 
an absolutely clean sheet in one operation. It would be far- 
fetched to say that the two-cylinder bronzer has outlived its 
usefulness, but it is not exaggeration to say that the four-cylinder 
combination bronzing and dusting machine is the ultimate answer 
to the bronzing question. 

As has been suggested, bronzing is somewhat of an unpopular 
operation, and has therefore suffered greatly by lack of attention 
from executives who have been satisfied to leave this part of the 
work to more or less indifferent supervision. This is an expensive 
policy, however, because bronzing is usually a finishing operation 
after an expensive sheet of paper has been made more valuable 
by the addition of many printings of color and the expenditure 
of much labor. A sheet wasted in the bronzing operation repre- 
sents considerably more in expense than one wasted at the press, 
and yet in many cases the bronzing operation is indifferently 
supervised and left to unskilled and uninterested operatives. 


Points TO Be OBSERVED IN OPERATING BRONZING MACHINES 


There is no reasonable excuse for bronzing to be unpopular. Ii 
a printing press, paper cutter, folding machine, or any other 
piece of mechanical equipment had the inadequate and unintelli- 
gent care that most bronzing machines receive there would be 0 
immediate crusade from the front office to fix the responsibility 
and discipline those responsible for the condition. A bronzer 
can be kept clean, and the bronzing operation can be made no 
more obnoxious than any other in the trade. Obviously, if the 
amount of bronze fed into the machine could be confined to exactly 
the quantity required for the sheet being bronzed, then there 
would be no surplus to require an extra brushing, and there 
would be no surplus to dirty the machine and escape into the 
pressroom. Various mechanisms and adjustments have bee! 
provided so that the quantity of bronze can be regulated toward 4 
minimum according to the particular job being run. The diff- 
culty is that most operatives never pay any attention to feed 
except to see that there is enough, working on the basis that the 
surplus is reclaimed by the vacuum system. Most of it is 
claimed under normal conditions, but the vacuum system is de 
signed to meet certain conditions, and when overtaxed it simply 
will not take care of the excess, which is then free to escape int? 
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the pressroom or lodge in the recesses of the machine itself. 

Another important point in connection with the bronze feed is 
that the job should be started with too little bronze, because 
this will then show up low spots in the make-ready on the press. 
It is better to bring up a few spots here and there on the press 
than to flood the sheet with bronze to make up for them. 

The question of separate rooms or compartments for the 
bronzing operation is also deserving of comment. The author is 
opposed in principle to segregating the bronzer. It is at once an 
admission of the belief that the bronzing operation cannot be 
clean, and produces the wrong psychological effect on those re- 
sponsible for this operation. The great majority of vacuum 
bronzers are being operated in the open pressroom near other 
machines and paper stock, with no likelihood of damage to either 
except through carelessness. 

The question of connecting the cyclone of the vacuum system 
with the outer air is one which can best be met in the individual 
installation. Where it can be connected out of doors it is best to 
do so because a considerable volume of air issues from the top of 
the cyclone, and if this exhausts into the pressroom it will set 
up a current of air through the pressroom and this current will 
carry with it not only the loose bronze which may be around the 
machine but any other dust which may accumulate. With 
the proper outdoor connection no bronze will escape from the 
machine, but on the contrary it will be returned to the receptacle 
supplied for this purpose. With an outdoor connection improp- 
erly installed there is every likelihood of a back pressure, which 
will result not only in bronze issuing from the outlet out of doors 
but also through the fountain door and other openings in the 
machine itself. 

The use of pure aluminum bronze should be carefully super- 
vised, because pure aluminum is highly inflammable and is suscep- 
tible to flash fires and possible explosions. The motors operat- 
ing in close proximity to bronzing machines should be of the fully 
enclosed type or provided with enclosing covers, especially when 
on direct current. All electric wiring about the bronzer should 
be carefully done to insure against short-circuits and the possi- 
bility of flash fires. This refers, of course, only to aluminum 
bronze, because gold bronze is not inflammable. 

It is many times found necessary to powder sheets with mag- 
nesia, especially in a lithograph plant, if it is desired to run gold 
or subsequent colors without allowing the necessary interval of 
time for natural drying. This is usually done on a bronzing 
machine. This practice should be discouraged, however, as 
much as possible, because magnesia ruins rolls and pads very 
rapidly. If the operation must be performed, then it is advis- 
able to have a special bronzer set aside for this purpose. If this 
plan is not practicable, then there should be an extra set of rollers 
and pads kept for powdering only. 


Best Resuurs Optainep Wits Hicu-Grapve Bronze 


The subject of bronzing machines would be incompletely 
covered without some reference to bronze itself. There are 
many qualities and grades of bronze: some are fine, almost a 
powder, while others are coarse and more or less sandy. Some 
bronzes are dry, others are greasy. Some bronzes are heavy and 
solid, while others are light and fluffy. There is no single rule 
which applies except the rule of common sense according to re- 
quirements. In general it is safe to say that the bronze which is 
cheapest in price is usually the most expensive when it comes to 
the cost sheet. In case of unsatisfactory results with bronze, 
the wisest policy is to solicit the advice and counsel of the bronze 
manufacturer. No particular quality or grade of bronze will 
produce equally good results on all kinds of paper any more than 
will the same kind of ink produce satisfactory results on all kinds 
of paper. The requirements should be studied intelligently. 


The same sort of reasoning applies with equal force to the sizing. 
There is no universal sizing which will answer for all kinds of 
paper and all kinds of bronze. Many printers have thought they 
could mix up all their old ink and use it for sizing because it is 
hidden under a coating of gold, but they were never further from 
being right. It pays to give careful attention to the sizing and 
thus avoid unsatisfactory, and in many cases disastrous, results 
in the finished job. 

It pays to buy a consistently high-grade bronze, because it 
has greater covering capacity per pound than cheaper and lighter 
bronze. When mixed with new bronze it can be used over and 
over without impairing its luster beyond the usable point, and 


Fie. 10 Rear Doors anp Guarps Removep From STANDARD 
Hicu-SreeEeD BRONZER, SHOWING PARTICULARLY THE RECIPROCATING 
BronzinG Paps AND CAMS FoR OPERATING THEM 


(This mechanism is the same also on the fly-delivery and four-cylinder 
high-speed bronzer.) 


still give practically as satisfactory results as the use of entirely 
new bronze. As a matter of fact, it is preferable to mix a small 
quantity of used bronze with new bronze because it gives prac- 
tically as good results as to quality and makes it much easier for 
dusting. This, however, should be thoroughly and carefully 
done outside of the machine, and the bronze put into the fountain 
in a mixed state. The use of the bronze-receptacle vacuum sys- 
tem is strongly urged because this brings the unused bronze into 
the receptacle where it can be sifted, weighed, and worked in with 
new bronze before being used again in the machine. 

Too much attention cannot be given to these apparently minor 
details, because the sum total of these details usually spells the 
difference between quality and efficiency on the one hand, and 
poor work and inefficiency on the other. 

Bronzing is here to stay, and is increasing rapidly from year to 
year. It might be well in closing, therefore, to repeat and to 
again state definitely that this operation is of sufficient importance 
to merit the most serious consideration and investigation from the 
standpoint of equipment and supervision. 


Discussion 


H. A. Bernuarpt.? I do not agree with the author when he 
claims that the average lithographic plant manager is very care- 
less when bronzing a job. It is my experience that the man in 
charge of the bronzing is really more careful with the bronzing of 
a job than with any one of the other colors of the same job. 
Bronze is usually the last printing, and therefore any spoilage at 
this stage is relatively more costly. Also the bronze is very often 


? Manager, Latham Lithograph Company, Long Island City, 
N. Y. 
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a greater single factor than any other single color, and therefore 
would normally command greater attention in its application. 

Regarding the wisdom of using bronze, recently a customer (who 
is among the largest advertisers in this country) was in a great 
hurry to get out a folder which was to be embellished with a 
bronze border. He suggested that we omit the bronze border, 
hoping thereby to gain several days in the delivery time. We 
therefore submitted a proof, substituting a gray border for the 
bronze one, which gave a very displeasing effect and therefore 
was not approved by the customer, who then cheerfully granted 
the necessary time to apply bronze, as originally planned in the 
design. The job in question was a fine Christmas greeting in 
eight colors and bronze. By omitting the bronze it would have 
suffered in artistic beauty. 

I agree with the author that bronze, if applied with artistic 
judgment in the original design, is very much desired today, and 
with the modern bronzing machinery and improved methods, 
bronzing presents an added profit-producing operation that is 
too often overlooked by the average lithographer. 


Ranvoutru T. Ope.* What does the author think of printing 
on top of bronze or bronze ink? 


Mr. Guass. That is an open question. Only in instances 
where plates are made in the old way is the bronzing usually done 
first, because the gloss is lost as a rule in going through the presses 
several times. It is preferable to put the bronze on last as a 
finishing operation. 

A great deal of attention is being given to the matter of printing 
a varnish size over the bronze, which keeps it from coming off. 
I think it is open to some discussion, but it is certainly all right 
with some classes of work. 


Mr. Bernuarpt. As to applying bronze and then printing or 
lithographing over it, we have done it on several occasions. We 
have an especially beautiful effect in the picture of a bronze Indian 
where we have done the bronze in the first printing and then have 
added the various colors to the picture of the Indian, and we have 
obtained a very beautiful effect which could not have been se- 
cured had we put the bronze on in the last operation, because the 
portions that did not receive any ink were the lustrous eyelashes 
that were absolutely a gold effect, and the picture resembled a 
bronze statue. All of this requires foresight, because that bronze 
has to be thoroughly dried, for a week at least, and in applying 
those printings we double-printed one or two of those colors in 
order to get the effect, but the result was something worth while. 
Whether that can be practiced commercially I do not know. I 
have seen some sample labels with one color put over solid bronze. 


R. F. Reep.* There is a matter that seems to be vague in the 
minds of some of the lithographers. Some of them print the gold 
size on the sheet from electrotypes, others from stone or from 
metal, by direct lithography, while still others use the offset proc- 
ess. Of course, if you use the offset press, you secure a thinner 
film of size on the sheet than by the other methods. It is a 
question as to whether bronzing can be done as satisfactorily by 
printing the size on the offset press as by the other methods. [| 
would like to ask whether in the opinion of the author it can be 
done more satisfactorily on the offset press than by means of 
electrotypes? With reference to the matter of explosions in the 
use of aluminum bronze, I know that explosions have taken place 
in bronzing machines. Has it ever been proved that static 


3 Secretary, Providence Lithograph Company, Providence, R. I. 
Mem. A.S.M.E. 

‘ Director, Department of Lithographic Research, University of 
Cincinnati, Cincinnati, Ohio. 


electricity would cause such an explosion? Of course, in dry 
weather there is considerable static electricity generated in the 
bronzing machine. 


Mr. Guass. Answering the first question, I would say that 
there is no doubt that the body of size from the offset press js 
less than from the electrotype plate, and care has to be taken so 
that the colors underneath do not show through. I say frankly 
that, given the opportunity to do it, I lean very much to bronzing 
from electrotype plates with a high-speed rotary press, whether 
the previous colors have been put on by offset or by stone or 
electrotype or any other process. The answer to that depends 
very largely upon what the various lithographers and printers 
are doing. I have been called in by requests for information as 
to what was wrong with the bronzing machine because the cus- 
tomer was not getting the proper covering of gold from the offset 
presses, whereas the real difficulty was in the offset press itself in 
not giving the proper amount of sizing. It is sometimes neces- 
sary on the offset press to print a color and then print the gold 
size over that. The extra color can be avoided many times in 
making plates for the other colors. The way to get the most satis- 
factory job is to print the bronze from the electrotype plates 

With reference to the second question about explosions, | 
know of only two instances where there have been explosions, 
and in neither of these cases were experts able to determine 
exactly what caused the explosion. It might have been static. 
I rather doubt it. J do not think it would be possible to build up 
a sufficient amount of static going through a bronzing machine to 
explode aluminum dust because if that were true we would have 
had many more explosions than we have had. Enough static is 
generated many times to make it difficult to deliver the sheet, 
for the reason that in a bronzing machine the sheet is held against 
a metal cylinder and is burnished by pads and rolls. !t seems 
to me that if static had been the cause generally, there would have 
been many more static explosions. Two have occurred within 
the last ten years; the percentage is very small. It is my opinion 
that static has not caused the explosions. I think it was caused 
by a short circuit in one case and perhaps by a spark in the motor 
in the other case. 


W. T. EpaGe.u.’ Is the explosion due to the static or toa 
spark in the commutator? 


Mr. Grass. One of the ordinary tests for pure aluminum 
powder is to take a sheet of paper with aluminum powder 
sprinkled on it and to tap it so that the powder will go up in the 
air as a cloud, and then touch a match to it. If it burns freely, 
you will know that you have pure aluminum; what is left is lead. 
It proves to a certain extent also that some proportion of air 
necessary. A spark from static is a momentary discharge that 
cannot be easily measured. It is doubtful if it could cause such 
an explosion except under certain conditions. 


Watrer E. Sooy.* I would like to ask a question of the author 
with reference to printing. The job may have several colors 
printed on a sheet, for example; it may be printed on a single- 
color press. The sheet is dried between each color; it shines 
where these colors lap. Is there anything in the bronzer or dust- 
ing machine to eliminate the bronze clinging to that portion ol 
the sheet that shines or has a glossy finish due to the overlappiné 
of the colors, or do you consider that a material or a production 
problem? 


Mr. Guiass. Having got into the difficulty, there are two half- 


* General Electric Company, Schenectady, N. Y. 
* Secretary and Plant Manager, Michigan Carton Comp®) 
Battle Creek, Mich. Mem. A.S.M.E. 
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wavs out. The first one is to magnesia the sheets; the second is 
to dope the bronze. Now, there is a question that has not been 
touched—the question of doping the bronze. There have been 
many ideas for doping bronze. Aluminum hydrate seems to be 
about as satisfactory as any and appears to have the effect of 
acting as a magnesia operation as well. Many times it acts as a 
vehicle for carrying the bronze as well as powdering the sheets. 
[am frank in saying that that is a manufacturing problem before 
you get to the bronzing operation. 

Doping the bronze has to be done very carefully so far as pro- 
portions are concerned, because if too much is used it will dull 
the luster. There is a point which you can approach which will 
not affect the luster appreciably. 


Greonce C. Van Vecuren.’ I think that it is possible to de- 
velop an installation of a bronzing equipment that is not what 
would be called dirty. The conventional method is to use a 
centrifugal-type separator in conjunction with a fan, creating a 
vacuum in the machine. This system produces a pressure type 
of separation so that the bronze will fly or be distributed in the 
room from every aperture or crack. At present we have an in- 
stallation of twelve machines in which we connected the air dis- 
charge from the centrifugal separators to a vacuum line, and then 
we developed an additional separator, which was also under 
vacuum, and thus we collect the bronze which the first separator 
does not remove; this is a second operation. In addition to that, 
in order to capitalize the air, which is being wasted, for refrigera- 
tion purposes, we had to have a rotary viscous air filter. With 
that it is possible to discharge the air back into the room per- 
fectly clean. By utilizing the vacuum system we have very little 
bronze in the room. I think probably that would be the solution 
of the problem for future installations. 


AuTHOR’s CLOSURE 


In thinking over the presentation of my paper, I wondered how 
much discussion could be started on the question of “bronzing.” 
The reason for this statement is that there seems to be such an 
antipathy to the process of bronzing that it is difficult to get 
anyone to think seriously about it until he is faced with the 
necessity of bronzing, and only then does he become partially 
interested in the subject. It is sort of an “orphan” process 
and has not been given the necessary attention. 

Bronzing is one of the least popular and most important opera- 
tions in certain branches of the printing and lithographic indus- 
tres. It is not popular, principally because many executives 
look upon it as a dirty operation that has to be endured. It is 
important, however, because we all know that gold is the one 
thing that adds value and beauty to anything, whatever it might 
be, and it is a strange thing that gold, which is the one color 
that acts as a foil, is the only color that will harmonize with any 
other color, and it also represents intrinsic value. This attracts 
the eye and ultimately attracts the sale, and that is what we are 
all aiming at. 

Gold ink cannot be made to give the same color value and luster 
as bronze. Gold ink is composed of varnish and gold bronze 
mixed together, and therefore produces a surface of gold and 
varnish in which the luster is immediately destroyed. Gold 
bronze consists of a bronze powder dusted over a varnish and 
accordingly gives the full luster and quality of gold bronze. 

A BO vd many people seem to think that working on a bronzing 
machine is a killing operation. It is no more killing or dangerous 
than any other operation on any industrial machine; it is no 
more dangerous than any other dust you might mention or might 
Sweep up on the workroom floor. 


Superintendent Stecher Lith 
Assoc-Mem. A.S.M.E 


The old way with the vacuum bronzer was to hand-feed it, 
but hand-feeding is now out of date and inefficient, and is ac- 
companied by spoilage and waste, and the work also is not so 
good. For instance, you take fifteen or twenty sheets from the 
printing press over to the bronzing machine. Obviously the first 
sheet off the press is the last sheet into the bronzer and vice versa. 
You can take those twenty sheets and spread them out and see a 
difference in quality from one to the other. Aside from the ques- 
tion of waste and spoilage from the handling of the sheets through 
this operation, there is enormous waste of bronze and even of 
time. There is a considerable percentage of bronze which goes 
through the machine and which does not touch the paper at all. 

Eighteen years ago the question of feeding bronzing machines 
automatically was taken up, and a mechanism was developed for 
feeding the sheets automatically from the press into the bronzer. 
That helped a very great deal. 1 talk conveyors because I realize 
that they help the printer and help the bronzer. Sometimes too 
much emphasis was put on the first cost of the conveyor. The 
average man saw the price of the conveyor without the returns 
he would get from it. Then there was the question of connecting 
up the bronzer with the conveyor to a certain press of a group. 
Some argued, and still do, that it is impracticable and sometimes 
impossible to run all the colors on one press and the bronze sizing 
on another press. I think it is only in the exceptional case that 
the lithographer actually has to run all his colors and the bronze 
on one press. I understand certain makers of offset presses go so 
far as to guarantee register from one press to another. If we do 
not face these questions squarely we will go on in the same old rut. 
However, with the rapid increase of popularity of the offset 
press new problems are ever occurring, not confined entirely to 
the necessity for increased speed. 

Now comes the question of high-speed bronzing. The question 
of increased speed is one that is open to a great deal of discussion. 
What do we mean by high speed? There are no rules to cover 
speeds of offset presses. Speed depends on the job, depends on 
the paper, on the ink, on the amount of ink on the paper, and on 
many other variables. 

What is the maximum speed required of a bronzer from the 
viewpoint of the lithographer or the printer? It seems to be the 
unanimous opinion that 3000 an hour would be ample. Some 
offset printers guarantee 4500 on certain classes of work. Well, 
if you can size a sheet at 4500, we will give you a bronzer that 
will bronze at that speed, but I think we ought to come down to 
brass tacks. I say frankly that I am not a lithographer or a 
printer, but I have yet to see a bronze job that can be run at 
4500 an hour on large size sheets. 

High-speed bronzing, of course, means automatic feeding from 
the press to the bronzer. That is being done today in many 
plants in this country, as high as 3600 an hour, but 3600 an hour 
is not an average speed; 2800 is an average speed; a guaranteed 
speed under most conditions is 3000. I have seen them go any- 
where from 3000 to 3600; 3600 on a very good sheet, straight 
edge, heavy stock, very little bronze on the sheet. The all-im- 
portant thing in bronzing machines is the clean sheet, and there- 
fore we come to the question that is the most difficult of all to 
answer, what is a clean sheet? A clean sheet on a certain kind of 
wrapper or label will not answer at all on certain other kinds of 
wrappers or certain other kinds of labels. We run into that ques- 
tion continually, so we must arrive at some basis on which to 
judge the average. A cigarette-package wrapper presents a 
fairly good example of a commercial bronze job. At the same 
time it is not comparable to some of the high-grade candy wrap- 
pers, which are printed in many colors. It is rather difficult to 
answer when asked whether we are able to guarantee that the 
bronzer will give an absolutely clean sheet. When I truthfully say 
“No, we do not guarantee an absolutely clean sheet,’ the prospect 
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immediately loses interest, feeling that he wants an absolutely 
clean sheet. Then if 1 show him a commercially clean sheet and 
say, “That is what we guarantee,” | find him rather surprised 
at the quality of the work. So you see, that is an unsatisfactory 
procedure. 

Now, up to this time, in order to get commercially clean sheets, 
it has been necessary to run the sheets through a dusting opera- 
tion after the bronzing. Of course, that means an extra operation 
and thereby another chance for increased waste, inefficiency, and 
increased cost. Some of our larger lithographers and printers 
have taken their old bronzing machines and put automatic 
feeders on them, thereby increasing their production on the dust- 
ing; however, that is not entirely satisfactory. Some have even 
installed high-speed bronzing machines with a feeder in order to 
get the speed desired. Something had to be done about it, and 
the result has been a further development in the high-speed bronz- 
ing line, with the dusting unit built into the bronzing machine. 
In other words, instead of taking the sheet from the bronzer and 
then over to the dusting machine the sheet goes into the bronzer, 
then into the dusting unit and then into the delivery. That raises 
a question as to whether that gives a clean sheet. If. vou take 
a pile of sheets from a bronzing machine and let them stay over 
night or two or three days and then dust them, you will get a 
cleaner job than by dusting them immediately after they are 
bronzed; but what we are faced with in the industry is not a 
striving for perfection alone but for perfection along the lines of 
efficiency. By putting this dusting unit into the bronzing ma- 
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chine, we can get much cleaner work, and the next day it can be 
run through the varnishing machine without showing any bronze 
even on dark greens or blues, which would show it up if it were 
there. So the four-cylinder vacuum bronzer answers the question 
of high speed and a clean sheet in the bronzing machine in the 
same operation. 

Executives have been satisfied to leave the bronzing work to 
more or less indifferent supervision. If one went out into the 
pressroom and saw dollar bills lying around on the floor, someone 
would hear about it. On the other hand, in the pressroom (ne sees 
sheets of paper costing a good many dollars, with several colors 
on them that have cost money, and if asked about it, they would 
say, ‘Why, of course, we must allow for some spoilage, some 
waste.”’ If that department was given the same care that the 
presses are given, the results would compare favorably. Bronz- 
ing machines are not given the same attention from the mechani- 
cal departments as the other machines. 

Then there is the question whether it is advisable to put the 
bronzing operation in a separate room. In many instances, es- 
pecially in building new plants, provision is made to put the 
bronzing machine in a little “coop” by itself. That is a mistake 
because the impression is created that it is a dirty machine, and 
that it is put there so that it will not get the rest of the room 
dirty. 

I believe the bronzing operation is perhaps the most important 
of any of the operations in the plant, and it ought to have the 
same care and the same supervision as the other equipment. 
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The Art of Photo Composing, or Photo- 


Mechanical 


Imposition 


By WILLIAM C. HUEBNER,' BUFFALO, N. Y. 


HE advertiser or other customer who buys color-printing 

work demands a faithful reproduction of the object. or 

painting or whatever it is that he furnishes as “copy.” 
The printed representation of this advertised product or other 
article in color is intended to convey a favorable impression, 
and if it is a commercial article, to create a desire for ownership 
through effective sales appeal. The color reproduction accom- 
plishes its purpose only when the finished edition is in precise 
register, with the component images united to tell the story 
accurately. 

Commercial printers know well the general methods of print- 
ing, which are relief, intaglio, and lithographic or planographic. 

Reproduction in quantity, or mass production, requires the 
making of duplicate plates in the desired number, these plates 
bearing the image or subject to be printed. 

In relief printing these duplicates are made by using an inter- 
mediate means such as stereotyping and electrotyping between 
the original plate and the duplicate. In both of these methods 
the detail of the subject on the original plate is so changed by 
the transposition or transference through the matrices that it 
is not reproduced with fidelity. The expense and other accom- 
panying economic factors make the use of either of these old 
methods of duplication commercially impractical for multicolor 
quantity reproduction under present-day requirements. 

Intaglio printing has no satisfactory intermediate means for 
producing duplicate plates, because its technical requirements 
involve either flat plates or continuous-surface cylinders with 
the designs or images etched below the surface. The practical 
difficulties of making uniform and exact duplicates of these 
images, placing them in the desired positions on the form, and 
then preparing them for intaglio printing have prevented satis- 
factory commercial results. The lack of fidelity to the color 
“copy” and the lack of uniformity in the finished product have 
proved a disappointment to the large buyers of intaglio color 
advertising and to the producers of such color printing. 

In lithographic or planographic printing the duplicate plates 
formerly were made by the old hand-transfer method. The 
operation of transferring the design from the original plate 
many times over to the press plate did not permit of fidelity 
and uniformity, because of the method involved, the materials 
needed, and the widely varying elements in the human factor. 

Experience teaches that to be successful in color printing the 
register must be kept within a 0.003-in. limit of accuracy. In 
practice the press plate or form bears a multitude of definite 
images that may or may not vary in size and subject matter 
and that may be arranged in any number of relative positions. 
Each one of the several necessary press plates or forms con- 
4ins only the portions of the images that are to receive one color, 
such as yellow or red or blue; and the completed product, in 
order to receive all of the colors, is printed from a number of 
composed press plates, each one for a different color. 
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CLose Reeister RequireD 1n Eacu 


Satisfactory mass production of color work needs commer- 
cially perfect registration not only in each of the several color 
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plates composing the completed image, but also in the spacing 
between the multiplicity of the identical images on each of these 
forms; and this precise register must be maintained in the relative 
positions of the various portions of the images on all of the color 
forms. 

Another factor necessary to success is the fidelity of the printed 
edition to the proof from the original plates. 

The amount of each color applied at each impression must 
be properly controlled, because the color inks are not applied 
in solid areas, but by the stipples or ink conveyors of the half- 
tone plates as very small, individual dots. In practice the 
number of these dots is constant and definite, but the sizes 
thereof vary in accordance with the amount of color required 
on different parts of the finished product. 

Precise registration for the size and location of these dots or 
ink conveyors is needed on all of the component color press 
plates if fidelity of color effect is to be maintained between the 
printed edition and the original proof. 

It is apparent that in stereotype, electrotype, and hand- 
transfer duplicating methods the final press-plate image for a 
given color is altered or removed to some degree from the original 
image by each intermediate step in the duplicating method used. 

Each step that changes the size, shape, character, or location 
of the ink-conveying dots through mis-register alters the fidelity 
of the color value accordingly. 

As said, the advertiser who buys color printing is seeking 
faithful reproduction of his color “copy.”’ 

In mass production of press plates to produce satisfactory 
color editions, the register is the outstanding factor to successful 
results. Precise register in the size and position of the ink- 
conveying dots, as well as precise register in the relative location 
and position of the images composing each form for the com- 
ponent colors, is essential to successful color editions. 


MECHANICAL IMPOSITION 


Photo composing or photo-mechanical imposition is a com- 
paratively new art or a new branch of the art of printing. It 
is the art of making printing plates wherein original designs are 
photographed directly on the press plate from which the finished 
edition is printed. 

Photo composing or photo-mechanical imposition supplies 
the means for making a composed press plate or a series of them 
for use on printing presses whereby the images are applied in 
predetermined register directly to the press plate, in any size, 
location, or position and without any intermediate duplicating 
means. 

The art of photo composing combines upon one press plate 
or a series of plates the images produced by the numerous proc- 
esses of reproduction known in the three general methods of 
printing. 

The results are obtained by exact mechanical means and the 
use of predetermined register which permits the making of com- 
mercially used press plates for commercial printing presses, 
from which better color printing is obtained and longer editions 
are secured, with greater satisfaction and profit to the user of 
color advertising and the producer of color printing. 

The results attained by photo-composed plates indicate the 
wide range of work that can be done economically in black and 
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white or color, using typographic or lithographic originals, as 
well as varied processes. 

All sizes of work, from cigar labels and stamps to large posters, 
including type forms with illustrations, are photo-composed 
successfully. 

Photo-composed plates are preferably used on offset presses, 
producing better editions in less time than.can be done on typo- 
graphic presses or direct lithographic presses. 

The producing of better editions, at less cost and in less time, 
is the reason why photo-composed press plates and offset presses 
are superseding the old methods of press plate making and 
printing. 


MECHANICS OF PHoto CoMPOSING 


Photo composing is accomplished by both methods of photog- 
raphy, by projection through a lens and by contact printing. 

The projection method is used in the production of negatives 
intended for use in the contact printing machines. These 
negatives may hold two or more of the same image, repeated 
or combined with other images, forming group negatives. 

The contact method is embodied in photo-composing machines, 
which produce the press plates on zinc or aluminum or on other 
desirable printing surfaces. 

Twenty years of intensive application to practical work in 
going plants has developed four types of photo composers. These 
are being used for all kinds of work, of varied character and sizes. 

The general functions of the various machines involve an 
image or negative carrier and a sensitized-plate carrier, relatively 
moved in one plane at right-angles. Clearance movement. is 
effected by mechanical means to permit free travel to exposure 
locations without rubbing or damaging either the image plate or 
the sensitized surface. 

Light action by an are lamp is directed through an opening 
in the negative holder and passes through the light-conveyor 
openings of the negative for definite exposure periods. These 
exposure periods are limited by a motor-driven exposure con- 
troller so as to produce uniform results governed by light factor 
instead of time factor. 

Close contact between the image and the sensitized plate to 
exclude any side light is forced either by direct mechanical 
pressure or by vacuum pressure during exposure periods. 

A predetermined register system governs the successful results 
of photo-composed plates. It provides a complete system for 
computing exposure, location, and position of all images com- 
posing the printing form. 

This is done by the coordination of the travel lines of the 
sensitized plate and the image plate, with known centers and 
dimensions of the image itself and of the register area covered. 
Precise register with any computed predetermined exposure 
location is obtained by the use of Swedish precision gage blocks, 
staggered to produce a rack 64 in. long with l-in. spaces. The 
inch is divided into thousandths, indicated on a dial micrometer, 
which functions accurately and independently in any given or 
selected inch spacing of the gage blocks. 

A special predetermined register device is used to place images 
in exact register with the travel lines of the moving sensitized 
plate or negative carrier. The register device indicates the 
travel lines of the photo composer so that the operator can 
quickly, conveniently, and accurately position the image to the 
zero point of the system, for computing the exposure location. 

Adjustments are provided to maintain the travel lines at 
precise right-angles to each other. Accuracy is proved and 
maintained by hairline tests; that is, a single hairline opening 
on the negative is exposed on the sensitized plate and repeated 
three times, forming a continuous line three times longer than 
the line opening on the negative. This test is applied to both 
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longitudinal and lateral travel lines. This proves accurate 
right-angle alignment, and provides the actual travel lines to 
which the predetermined register device is coordinated. 


CHEMISTRY OF PHOTO CoMPOSING 


The chemistry of photo composing is so controlled as to 
produce durable printing conditions on the surface of the press 
plate. 

Oxide coatings on metal plates are removed, and the surface 
is then neutralized as to acid or alkaline conditions. The surface 
is then rendered sensitive to grease by a sub-sensitizer solution, 
then sensitized with a coating for light action, and then dried, 
All this is done on a coating machine known as a whirler 

After exposure to the negatives the surface is coated with a 
greasy solution so balanced that when the solution is dry it will 
permit water to reach and dissolve the light-sensitive solution 
not acted upon by light. After development the printing plate 
surface is desensitized to grease by special solutions. These 
produce the printing condition needed by offset or planographic 
printing; that is, the image parts or dots accept ink from the 
ink rollers, and the grease-repellent surfaces of the plate sur- 
rounding the dots or ink-receptive parts accept moisture from 
the dampening rollers. 

By carefully observing the rules governing the chemical action 
of a photo-composed plate on an offset press, successful editions 
up to 200,000 and more are printed, and a high quality of work 
is maintained at lower cost than by other printing methods. 

Comparison as to time and costs of the old duplicating methods 
of stereotyping, electrotyping, and hand-transfer shows that 
photo-mechanical imposition or photo composing has thie ad- 
vantage of producing the work formerly done by all three methods 
in less time and with better quality, and certainly with lower 
costs in press plate making; and this augments the advantages 
in speed and lower costs of the offset-printing method. 

Photo-mechanical plates, printed on offset or similar presses 
correctly coordinated, if the work to be done is intelligently 
planned, directed, and executed by trained operators, can lead 
the way in economical mass production of color printing, and 
in time will lead the way in text printing. 


Discussion 


Epwarp B. Passano.? There is one statement in the paper 
which in my opinion should be qualified. The author states: 
“In relief printing these duplicates are made by using an inter- 
mediate means such as stereotyping and electrotyping between 
the original plates and the duplicate. In both of these methods 
the detail of the subject on the original plate is so changed by the 
transposition or transference through the matrices that it is no! 
reproduced with fidelity.” 

It is the experience of the writer, and, generally speaking, it 5 
the experience of the industry at large, that when a matrix is made 
by the lead process the electrotype is such an accurate repro- 
duction of the original that there is no perceptible difference be- 
tween the results obtained in printing from it and from the org 
nal engraving. 


AUTHOR’s CLOSURE 


The author has no fault to find with that statement. It would 
apply to electrotyping just as it applies to hand transfers. There 
are thousands of hand transferers who think they can show better 
work than that made by machine. In fact, one man employed 
by the Methodist Book Concern says that he can make an elect!” 
type that is better than the original. It is all relative; for 


2 President, The Williams and Wilkins Company, Baltimore, Md 
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stance, if you are going to make a number of small repeated sub- 
jects, and if it is a matter of dollars and cents, you try to make 
eight or ten electrotypes exactly alike, so as to produce the edition 
economically. The photocomposer can do it better. However, 
there are varying limits in certain factors that creep into actual 
production of a series of repeated plates. I have never seen a set 
of, say, ten electrotypes made from one original plate that were 
exactly alike. They were close, but they were subject to criti- 
cism, especially in size, due to variable shrinkage in production 
of the individual electrotypes. Now, if you had a plate, say 12 
by 14 in., on which groups of small subjects had to be accurately 
registered, and you followed the practice of electrotyping indi- 
vidual cuts and soldering them together, and from that grouped 
plate making a set of large electrotypes, it would be quite a job; 
it would take a lot of time, and that operation costs money. 

In photocomposing we expose the required number of originals 
directly on the copper plate in exactly the position where they are 
needed, head up, sidewise, or head down in location. When that 
group photocomposed plate is finished, you make an electrotype 
of it, and there you have the advantage of speed, precision regis- 
ter, uniformity of result, and low cost. 

We do not say we can make full-size press plates by photo- 
composing methods for the typographic press. In electrotyping 
there are limitations in size. We refer to the standard size of 
electrotypes for maximum size subjects that can be handled ad- 
vantageously. We do say it is more economical to make a group 
of small subjects by photocomposing them than to group them by 
individual make-ready or soldering them together to produce a 


PRINTING INDUSTRIES 


PI-50-7 23 


group plate and then making electrotypes from that group plate. 

Just recently we decided to supply a small photocomposing 
machine for the photoengraver. The machine is about 4 by 6 ft. 
in size, mounted on one pedestal support. The photoengraver 
can then make small subjects in groups either directly on the 
copper or zinc plate or he can make contact group negatives for 
use in catalog color pages, small labels or small cartons from the 
photocomposed group plate. The electrotyper can make elec- 
trotypes for the printer which will save time in make-ready, and 
the results on the printed sheet will be more accurate than if the 
same job were produced without the photocomposing method. 

If the photocomposer is used as intended, it cuts down make- 
ready time and eliminates the difficulty of assembling and regis- 
tering a group of small originals or small electrotypes. 

As to hand transfers, the author has seen some very good hand- 
transfer plates made by clever men, but it is not the usual thing. 
The difficulty with hand transfering is not only in getting the ink 
conveyors to correspond in size with the original plates, but in 
maintaining the size of the entire subject. There are other things 
to contend with; transfer paper varies the size of impressions 
with varied pressure when the impression is made. Hand trans- 
ferring involves pulling impressions from various stones or 
plates. 

In each case the pressure must be judged by the operator, and 
often there is a matter of days of time between the start and the 
finish of the job. I have never seen a hand-transferred plate that 
would take the place of the original plate, regardless of whether 
the sizes were alike. 


n 
n 
k 
is 
it 
is 
er 
PS Pas 
eS 
ly 4 
ad 
nd 
yer 
eS: 
the 
not 
tis 
ade 
yro- 
be- 
igi- 


— 
> 


PI-50-8 


Report of Research and Survey Committee 
of the Printing Industries Division 


Organization Is Suggested of a Large Council of All Technical Men Interested in the Printing 
Industry to Discuss the Research Field in All Its Ramifications 
By ARTHUR C. JEWETT,! PITTSBURGH, PA. 


Printing Industries Division, I wish to present for your 
consideration two things: first, a problem affecting the 
printing industry; second, a plan for its solution. 

All here recognize the magnitude and extent of the printing 
industry and the great variety of its related interests; in machin- 
ery for plant equipment; in innumerable kinds of supplies, such 
as paper, inks, textiles, adhesives, metals, etc. The briefest 
analysis serves to show that in this field there awaits solution a 
vast number of problems concerning the improvement of material 
qualities and operating methods, and the standardization of 
grades and sizes of material and equipment, and of working con- 
ditions in the printing establishment. The opportunities for 
profitable research are almost unlimited. It is obvious that no 
one organization or agency would alone show much progress in 
comparison to this extensive field. 

There are, however, scattered about America from coast to 
coast many organizations and individuals who are making a 
localized attack on this large field. These researches vary from 
the scientific and basic to the superficial and slightly organized. 
When all these efforts are considered, there is still more left to 
be done than has yet been attempted. At the same time 
there exists a considerable mass of uncoordinated and unrelated 
research data that might be very valuable to many who do not 
even know of its existence. The problem is to secure a coordi- 
nated attack upon the entire field of research in its relation to 
printing and to make available to everyone interested a classified 
and indexed record of all that has been done to date. A for- 
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Printing Industries Division is as follows: 
Arthur C. Jewett, Chairman; Director of the College of Industries, 
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midable enterprise most truly, but one that may be successfully 
undertaken. 

When the World War was being waged and many nations 
were called together in a supreme effort, a unified allied com- 
mand became an unavoidable necessity. There are now many 
important organizations interested in the results of printing 
research, only a relative few of which are actively engaged in such 
work. If all could be enlisted to do a part and a centralized 
body could be organized as a coordinating and directing head- 
quarters, the problem could be solved. 

Your committee considers that this is not a fanciful dream or 
even an impractical idea. Our age and our country are both of 
the sort which makes such things possible. As a start, it pro- 
poses that a meeting of all technical men in the printing industry 
be organized, and that this be upon the occasion of the meeting 
of the Printing Industries Division at the next semi-annual con- 
vention of the A.S.M.E. Indeed, this meeting, with your 
approval, might well be the semi-annual meeting of the Printing 
Industries Division. It is estimated that there are at least 
four or five hundred such technical men. 

The program of the meeting should be so organized as to reveal 
the opportunities for research, the capacity for research, the 
need of coordination, and the organization of a centralized coor- 
dinating and record bureau. A willingness to cooperate, to 
exchange data, etc., should be brought about and various or- 
ganizations should be asked to assist in this work. There is, for 
example, already a representative organization whose aid would 
be invaluable in promoting such a plan. 

In all this broad field of research the work of this Society should 
take two directions: 


1 That of promoting research activities in the production 
field, and 

2 Of attempting to bring about a coordination of the work 
of various organizations and to record and index all 
research work which is being carried on and all research 
data which is available, giving its location. 

So far as actual research projects ought to be fostered by the 
Society itself, it is the opinion of the committee that the work 
should be confined to the production field as more directly re- 
lated to mechanical engineering. It is also considered of great 
importance that everything possible be done to emphasize the 
importance of research work and to bring it prominently before 
all those whom it may affect. 

In closing we ask: Do you approve such a meeting, as sug- 
gested, of technical men in printing? Will you do your part to 
enlist the interest of those other organizations interested in 
printing in which you are members or of which your companies 
are members? The Research and Survey Committee requests 
your support and suggestions. 


Being put as a motion and seconded, it was carried and re- 
ferred to the Executive Committee of the Printing Industries 
Division. 
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Photography as Used in Color Reproduction 
in the Graphic Arts 


The Three-Color Theory of Vision—Making Photographic Materials Sensitive to Colors— 
Natural-Color Photographs—Color-Separation Negatives—Printing Processes— 
Modern Four-Color Printing Presses and Their Interesting Devices 
By A. J. NEWTON,! ROCHESTER, N. Y. 


Indications are that the demand for color in the graphic arts, 
produced by means of photography, will continue to increase, and 
this means that as the fundamental principles appear to be well 
established, further improvements will be made in machinery and 
materials and the skill in using them; and particularly in adjusting 
practice as closely as possible to theory, so that color reproduction, 
while maintaining the highest possible quality, will be produced more 
speedily and more economically. 


N ORDER to cover his subject in the limits of a paper, the 
| author must necessarily omit a great deal of detail. The 
need for condensation will be seen when it is stated that a 
recent compilation of merely the history of three-color photog- 
raphy is a volume of 747 closely printed pages, treatment of all 
photo-mechanical processes being reserved for a further volume. 
Color is not an objective thing in itself, it is a sensation and 
purely subjective. In other words, we receive an impression of 
color by reason of the varying reflections and absorptions of the 
different wave lengths which constitute white light. These wave 
impulses affect the mechanism of our eyes and brain, and accord- 
ing to their differing frequencies give us the impression of color. 
Our yardstick for color is the spectrum, which was discovered 
by Newton in 1666. A spectrum is produced by passing a narrow 
beam of light through a prism, which refracts and disperses it. 
As white light is made up of a number of differing wave lengths, 
these are differently refracted and each wave length has a different 
color. This is ultimate, as any further analysis of any part of a 
spectrum does not yield anything different. So all colors can be 
referred to the spectrum, as they must either consist of one of 
the pure spectral colors or mixtures of them. 

When light falls upon any substance it is either totally ab- 
sorbed, in which case the object looks black—for example, a piece 
of black velvet; totally reflected, in which case it looks white, 
as freshly fallen snow; or selectively absorbed—that is, some por- 
tion of the light is absorbed and the remainder reflected, this re- 
flected mixture of the non-absorbed parts of the spectrum giving 
the characteristic color. Thus, grass is green because the major 
portions of the blue and red are absorbed, and the remainder which 
is reflected is predominantly green. 


Tue THREE-CoLoR THEORY OF VISION 


The nature of the mechanism in our eyes that gives rise to 
color sensation when appropriately stimulated, is still the subject 
of investigation and dispute. The most generally accepted hy- 
pothesis is that our eyes have only three sensations, one being 
stimulated by blue-violet light, one by green light, and one by 
red light. When all three are stimulated simultaneously we get 
white or gray, according to the intensity of the stimulation, and 
of course nothing, or black, in the absence of stimulation. On 
this theory we see all colors from these three, either alone or in 


» Engraving Department, Eastman Kodak Company. 
Presented at the First National Meeting of the A.S.M.E. 


— Industries Division, Rochester, N. Y., November 8 and 9, 
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mixture. For example, when we see a yellow it is because 
both the red and the green sensations are stimulated at the 
same time together, and this result gives us the effect of yellow 
in the brain. 

This hypothesis was put forth by Dr. Young in 1801, and was 
confirmed by Helmholtz and many others after him. 

In order to prove that the three-color theory of vision was 
correct, three narrow portions of the spectrum were isolated, 
one each in the red, the green, and the blue-violet, and it was 
found that by means of these, either alone or mixed in suitable 
proportions, all the colors of the spectrum could be approxi- 
mately matched, provided they were diluted with white when 
necessary. While it does not matter in the least in practice 
what the mechanism of the eye is, provided any color can be 
approximately imitated by one or more of three, either alone or 
in mixture, it was this theory that led Clerk Maxwell to reason 
about three-color photography and to take the first step toward 
the current practice. 

From the very beginning of the use of photography—not yet a 
century ago, because it was in 1839 when the first daguerreotypes 
were produced—it was hoped that color might be reproduced 
by means of photography, but it was not until 1855 that the first 
definite scientific principle was enunciated by Clerk Maxwell, 
then an undergraduate of Cambridge University and only 25 
years of age. 

In a paper communicated to the Royal Society of Edinburgh 
in that year, Maxwell said: 

Let a plate of red glass be placed before the camera and an im- 
pression taken. The positive of this will be transparent wherever 
the red light has been abundant, and opaque where it has been 
wanting. Let it now be put in the magic lantern along with the 
red glass and a red picture will be thrown on the screen. Let this 
operation be repeated with a green and violet glass, and by means 
of three magic lanterns let the three images be superposed on the 
screen. The color on any point of the screen will then depend on 
that of the corresponding point of the landscape, and by properly 
adjusting the intensities of the lights, etc. a complete copy of the 
landscape as far as visible color is concerned will be thrown on the 
screen. The only difference will be that the copy will be more sub- 
dued or less pure in tint than the original. 


In 1861 Maxwell had the experiment prepared with a bow 
made of colored ribbons at the Royal Institution, London, and 
said that given a suitable sensitiveness to the red and green, the 
reproduction would have been a truly colored representation of 
the ribbon. It was not possible to make a correct reproduction 
then because there were no such things as color-sensitive plates 
as there are today, for at that time they were confined to the 
use of wet collodion. Ever since that time the theory, while 
not unchallenged, has remained unshaken, and all our color 
practice is based upon these principles. And in order to attain 
to the present quality of color work there has been no change in 
the theory but a great deal of advance in regard to the materials 
used, particularly in the filters, in the color sensitiveness of the 
photographic sensitive plates, and in the skill of the users of these 
materials. The recently introduced ‘“Kodacolor’”’ process of 
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making amateur motion pictures in color is precisely the same 
in principle as Clerk Maxwell's first experiment. 

Photographic materials are sensitive only by reason of their 
absorption of light, which in some way not yet completely under- 
stood disturbs the equilibrium of the particles of silver halide and 
renders those affected by light in this way capable of development. 


MAKING PHoToGRAPHIC MATERIAL SENSITIVE TO CoLoRs 


The law concerning this is known as the Grotthus-Draper law, 
and states that ‘“‘only those rays of light which are absorbed 
can produce chemical action.” Now photographic materials as 
manufactured are none of them susceptible to the chemical 
action of light rays in the same proportions as our eyes. Gen- 
erally speaking, they are much more sensitive to the violet-blue 
rays than to any others, whereas our eyes are most sensitive to 
the yellowish green rays of about wave length 550 wu. Photo- 
graphic plates are also sensitive to the ultra-violet, which we 
cannot see at all. The wet-collodion plate with which Clerk 
Maxwell worked has at least half its total sensitiveness in the 
ultra-violet. In these circumstances the problem has been to 
make the photographic material sensitive to all colors as nearly as 
possible as the eye is sensitive to them. It should be stated, 
however, that provided enough exposure is given, any color can 
be recorded on a non-color sensitive plate. Even a wet-collodion 
plate will record red if exposed 7200 times longer than it normally 
is. This, however, is not practical, and so it was a great ad- 
vance when it was discovered how the plate could be made to 
absorb green and red light rays. 

In 1873 H. W. Vogel was making photographs of the spectrum 
on all sorts of plates. He had one plate from England which had 
been stained with a yellow dye in order to prevent halation, that 
is, light penetrating the film and being reflected back from both 
surfaces of the glass on which it was coated. Vogel noticed that 
this photographed the green, which other plates did not. He 
thought this might be due to the dye, so he washed it out and 
tried another photograph, and, as he expected, there was no 
effect then in the green. He then tried staining plates with other 
dyes and succeeded with several, and so introduced the first color- 
sensitive plates. 

Since that time many dyes have been found which are suitable 
for the purpose, though more is necessary than the mere fact 
that the dyes will absorb light of the particular color it is desired 
to photograph. The dyes mostly used to make the commercial 
orthochromatic plates sensitive to green and yellow are eosin 
and erythrosin, the use of which was patented in 1883. 

In 1903 a dye known as ethyl red was discovered by A. Miethe 
and A. Traube, and this was the first of the modern dyes produced 
especially for the purpose of sensitizing photographic plates and 
which have since become universally used to make our present 
panchromatic plates. 

Dyes have also been developed which sensitize plates even far 
into the infra-red. Some of the best of these dyes have been 
produced in the organic chemical laboratory of the Eastman 
Kodak Company. But even when plates are as fully sensitized 
as we know how at present, they still do not photograph the 
spectrum or colors in the same degree of luminosity as the eye 
sees them, and so a filter to cut down the excess sensitiveness to 
which the plate is subject has to be used when we are making 
photographs to give a monochromatic rendering in true values. 

In the case of three-color reproduction the filter is used to cut 
off all other colors except the one which it is desired to record; 
thus the blue filter transmits the blue but absorbs the green and 
the red and prevents them reaching the plate; the green filter 
transmits the green but absorbs the blue and the red; and the 
red filter transmits the red but absorbs the green and the blue. 

As in most cases we cannot make color-separation negatives 


suitable for the preparation of printing surfaces direct from the 
objects themselves, such negatives are made from colored repre- 
sentations thereof, such as paintings in oil or water colors. But 
this is not so realistic as photography itself, so there is gradually 
growing up a practice of making natural-color photographs to 
serve as originals for reproduction by photomechanical printing. 


MetHops OF MAKING NaTURAL-CoLoR PHOTOGRAPHS 


There are at present only two main methods of making nat ral- 
color photographs: first, the making of three-color transparencies 
on glass such as Autochrome or Agfa plates—so-called ‘‘screen 
plate methods;” and secondly, the making of a photographic print 
on paper in three colors. The most successful of these so far 
are the three-color-pigmented gelatin prints (“carbon process’) 
and the three-color ‘“Carbro”’ prints. In the latter a bromide 
print is treated so that it insolubilizes the pigmented gelatin- 
carbon tissue where required. Lastly there are imbibition 
methods such as the Pinatype and Jos-pe, in which a gelatin sur- 
face is dyed in proportion to the exposure and such dyes are im- 
bibed from the respective three plates by a plain gelatin-coated 
paper in exact superposition. 

To get good three-color paper prints is at present extremely 
difficult. They are therefore very expensive and as yet have not 
come into wide use, so that, as said above, most of the colored 
illustrations seen in magazines and books are reproduced by 
photographic means from artists’ originals. 

The transparency processes are called ‘“additive’’ processes 


because they add the three colored lights together, while the 
color prints on paper are called “‘subtractive’’ processes because, 
starting with the white paper reflecting all colors, the dyes or 
pigments placed on it “subtract’’ from these the color not re- 


quired. All photomechanical color processes are “subtractive.” 
Cotor-SEPARATION NEGATIVES 


To reproduce any object or a painting in its natural colors, it 
is necessary to make what are known as color-separation nega- 
tives. That is, a photograph is taken of all the reds reflected 
from the object, another of all the greens, another of all the blues. 
Frequently a fourth photograph is made giving a monochrome 
representation of the object with all the tones in their respective 
luminosity values, for printing in a black or gray. This is not 
actually necessary for color reproduction, but is doubtless done 
to save the trouble which the extreme exactitude of three-color 
demands. Small errors are covered up by the black plate, and so 
it is generally used. And when black text has to be used with 
the illustration it can be excused. 

From these separation negatives, positives are made, an from 
these positives, negatives have to be made that are suitable 
for making a printing surface—though in the case of some printing 
processes the original separation negatives will do, e.g., collotype 
or photogravure. 

When the printing surfaces are prepared they are printed in inks 
which are complementary to the recorded light. Thus the print- 
ing ink for the red record is a “minus” red, or green-blue; that 
for the green record is a “minus” green, or red-blue (magenta); 
and that for the blue is a “minus” blue, or a red-green, which is 4 
yellow. The reason for these “minus” colors may be better 
realized if we consider a black-and-white photograph. The 
record on the negative is of the white of the subject photographed. 
This negative is now printed on sensitized white paper. The 
density of the negative representing the whites prevents lig!t from 
reaching the paper so that it remains unchanged, but the trans 
parent parts of the negative representing absence of white allow 
light to go through and darken the paper there. In other 
words, we have an absorbing material for white, or a “minus 
white. 
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These color inks should not only completely absorb the colors 
which have been recorded by the photograph but should also 
completely reflect the other regions of the spectrum since some 
other color may have been present on the original. No such ideal 
inks are available as yet, and it seems doubtful if they ever will 
be. In order to correct the errors shown in any purely mechanical 
reproduction by reason of the imperfect inks or other cause, re- 
touching by hand has to be resorted to, and this is what makes 
color reproductions 80 expensive. 


PRINTING PROCESSES 


Printing processes can be divided into three classes; (1) the 
most common, relief, that is, the familiar halftone and all letter- 
press printing; (2) inéaglio, which is the exact opposite to relief, 
the design which prints being cut into the surface, represented by 
rotogravure and rotary rotogravure; and (3), surface, represented 
by all planographic processes such as collotypy and photolithog- 
raphy. 

The taking of the original negative is the same in all these 
methods, but according to the process desired a departure is made 
in preparing the printing surface. 

In the case of relief printing the effective gradation of tone 
has to be secured by means of ink of the same strength wherever 
applied, put on to a paper ground of one color only. Therefore 
the effect of tone can only be secured by varying the distribution 
of ink as compared with the paper. This is attained by splitting 
the picture up into minute dots which vary in area according to 
the tone required. Thus in a light tone the ink dot is small 
and much white paper shows. In a middle tone there are about 
equal proportions of ink and paper, and in a shadow tone the 
dots are large and the amount of white paper showing is very 
small. In order to produce these dots the negative is made 
behind a cross-line screen so placed in the camera that the amount 
of light reflected from the original at any point is represented 
by a correspondingly sized dot. The dots are so small they 
cannot be individually distinguished by the naked eye, but appear 
as blended tones. The same sort of negative is produced for the 
planographic method, but the intaglio method is different be- 
cause the effect of tone in this case is secured by varying depths 
of ink for varying tones, so that in the shadow the ink is piled 
up and in the high lights there is scarcely any. Most paintings 
and small objects without much relief can even be reproduced 
“directly” by using the color filter and the cross-line screen 
at the same time so that the one negative is both color-separated 
and grained ready for preparation of the printing surfaces without 
the intervention of a previous negative and positive; but this 
cannot be done with subjects of much relief or having very great 
contrast--they must be photographed in two stages. 

When the printing surfaces are secured by whatever method, 
they have to be printed very exactly in register. The usual order 
of printing is the yellow first, the red second, and the blue last. 
lhe reason for printing the yellow first is because the yellow is a 
more opaque ink as a rule than the other two, and theory de- 
mands for the best results that the inks should be absolutely 
transparent. As no inks whatever are completely transparent 
there is always a slight preponderance of the last printing, and it 
is better to have a preponderance of blue for most subjects than 
4 preponderance of red. If the average yellow ink were printed 
last 't would blot out the other two colors, and there would be 
very inefficient reproduction. 


Movern Four-Cotor PrintiInG Presses 


In latter years, owing to the speed with which the work is 
required, inks have been developed that print wet, and the paper 
g0es in at one end of the machine and comes out at the other 
completely printed. The most notable of these machines are 


PRINTING INDUSTRIES 


PI-50-9 31 


those at the Curtis Publishing Company’s plant in Philadelphia. 
These are the large four-color Cottrell printing presses which print 
the Saturday Evening Post and the Ladies’ Home Journal. These 
presses are most remarkable ones as they are so built that they 
take the paper from the web and carry it on through the press on 
the impression cylinder, and impressions are made from the yel- 
low, red, blue, and black plates, one immediately following the 
other. These presses run at about 55 revolutions a minute. In 
the new type they carry two sets of plates, giving a much larger 
production. They have a great latitude since they are always 
available for running black on each side of the sheet, or two 
colcrs on each side, or two colors on one side and four colors on 
the other. It is necessary to have an ink that is absolutely 
correct for this type of press, the yellow being tackier and having 
the ability to pull the red ink from the red plate, the red tackier 
than the blue, and the blue tackier than the black. This ink 
condition is one of the very vital points. Formerly great diffi- 
culty with color printing wet was the trouble experienced with 
offsetting when the sheets came off. But there is a most ingen- 
ious attachment to this press which prevents that. As a finished 
sheet comes through it is coated over with an extremely fine 
spray of liquid paraffin. This immediately solidifies, and when 
the next sheet is delivered it rests upon a minute amount of 
paraffin rather than on the ink, and so there is no offset. It took 
some time to adjust this accessory arrangement to the exact 
amount of paraffin necessary, but now it is so used that it does 
the work without any disadvantage whatever. 

All the plates for printing by this press have to be specially 
prepared in regard to their overlay and underlay. The electro- 
types must carry the treatment themselves to take the places 
of make-ready that would be necessary on the ordinary printing 
press, because each plate strikes the same spot on the impression 
cylinder. This treatment consists of lowering the lights of the 
electrotypes by means of paper-cut matrices impressed into 
the electrotypes while they are quite hot. 


Rapip GrowrTs Couor PRINTING 


Another point in regard to printing color work or indeed any 
halftone work is the very much greater need in it for accuracy 
and precision. An engineer, Mr. Claybourn, of Milwaukee, 
who has devoted many years to demonstrating this, is building 
presses now which, if the halftones and electrotypes have been 
accurately made, will give perfect results without any make- 
ready at all. The growth of color work in recent years has made 
necessary all these improved printing presses, and, although one 
hardly realizes it, the growth has been really astounding. For 
example, the editor of the Saturday Evening Post recently stated 
that in 1917 that journal carried only 417 pages of color adver- 
tising, whereas in 1927, ten years after, it carried 2864 pages. 
The Ladies’ Home Journal, another of the Curtis publications, 
carried only 198 pages of color advertising in 1917, whereas in 
1927 it carried 719 pages. Four-color was first used in the 
Saturday Evening Post, October, 1924. In 1927 it carried 869 
pages in four colors. Color reproduction is extending in all the 
other magazines in exactly the same way. In fact, there would 
be extremely little of it at present but for the application of 
photography to the problem. The various hand processes, wood 
engraving, lithography, or mezzotint or stipple, in color, are 
all too slow and costly to the modern idea, besides they do not 
give the realistic impression that photography does, so that 
almost without exception the colored reproductions which we see 
everywhere in such increasing quantities all depend upon photog- 
raphy. 

As our knowledge becomes more widespread, there is an 
attempt to produce inks nearer to the theoretical requirements 
and also to use them in a standardized way. Hitherto many 
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ink makers have had their own standards of ink, and many en- 
gravers have used whatever inks they thought would give the 
nearest approach to the colors of the original with the least 
work on their part. Naturally, when a printer receives a number 
of engravings from different firms and different inks have been 
used, he cannot get a satisfactory result from all of them if they 
are printed together on the same press. This has been so dis- 
appointing to the advertisers that at last they have joined forces 
with the American Institute of Graphic Arts, which has had this 
subject under consideration for many years, and they are now 
insisting upon standard three-color inks being used. Though 
these may not be ideal, or the best that could possibly be obtained, 
it will be a great deal better to use them than to employ various 
kinds of ink and get various results in consequence when printing 
in different publications. 

So far the author has dealt mainly with relief printing, but the 
same principles apply to planographic printing (offset, lithog- 
raphy, collotypy) and intaglio (photogravure and rotary photo- 
gravure). 


INTERESTING Devices DEVELOPED FOR CoLOR-PRINTING 
MACHINERY 


The increase of color reproduction has led to the development 
of remarkably interesting machinery in these processes, par- 
ticularly the step and repeat devices to multiply the images 
in the reproduction of subjects requiring very large editions, 
as is often the case in lithographic printing. Sometimes these 


devices are cameras which can photograph the same thing many 
times on one plate, but more usually they take the form of ma. 
chines which enable the same negatives to be printed on « large 
printing plate several times in the exact positions required, 
These machines have to be of the utmost precision in order that 
the color prints shall accurately register one on top of the other 
when printed on the press, and enormous effort and large sums 
of money have been spent on perfecting them. 

Color has been applied to rotary photogravure for over a dozen 
years, but it has not become very common so far. Some news. 
papers, notably the Chicago Tribune and the New York World. 
use it in their Sunday supplements, and sometimes very success- 
fully; but the difficulties in securing exact register due to the proe- 
esses used in preparing the copper cylinder and printing from 
the web are very great, and it is also difficult to secure approvyi- 
mate fidelity to the original owing to the nature of the inks 
without excessive retouching, which is expensive and time con- 
suming. 

The indications at present are that the demand for color 
in the graphic arts, produced by means of photography, will con- 
tinue to increase, and this means that as the fundamental prin- 
ciples appear to be well established, further improvements will 
be made in machinery and materials and the skill in using them: 
and particularly in adjusting practice as closely as possible to 
theory, so that color reproduction, while maintaining the highest 
possible quality, will be produced more speedily and more eco- 
nomically, 
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The Field of Lithographic Printing 


A Brief Survey of the Various Processes, Materials, Machinery, and Operating Methods Em- 
ployed in Lithographic Printing, With Special Reference to Multi-Color Work 


By GEORGE C. VAN VECHTEN,'! ROCHESTER, N. Y. 


which we purchase, the demand for lithographic printing 

has grown by leaps and bounds. Color causes reactions 
which penetrate to the subconscious mind, creating a desire 
on the part of the individual to possess. With the presence of 
interest caused by color and word pictures, action prevails, 
and the effect is their urge to buy. 

Window trims are more colorful, the attire of the nation’s 
ladies is made more attractive and beautiful, the decorations 
of the product of the automotive institutions are a delight and 
harmonize with this age of contrast. By the use of lithography 
and color printing our advertisements are a distinct charm. 
The food containers on our grocers’ shelves, with the colored 
reproduction of their contents, represent a condition which is 
entirely psychological. However, the housewife would not 
think of purchasing a commodity having a simple label, not- 
withstanding the fact that the contents of the container having 
the simple label may be superior to those of its gaudy companion. 
There is a possibility of the situation’s being overdone, how- 
ever. 

The graphic arts have had a serious problem before them to 
keep pace with the desire for gaudily dressed containers and the 
blaze of color connected with advertising. At the present time 
there is an appeal for reform to eliminate the riot and reduce the 
problem to a sound and economic basis. The desire for innova- 
tions and the madness for style is leading to a condition due 
to freakish shades and tints that is baffling to lithographers and 
ink makers. A reform in this direction would be a material 
asset, and would greatly improve the economics of the situation. 


| N THIS age when color is king and is reflected in every article 


Tue INVENTION oF LITHOGRAPHY 


The invention of lithography by Alois Senefelder, who was a 
studicus and ingenious man, was an achievement upon which 
the lithographic industry of the present day is based. The 
fundamentals of the art still exist notwithstanding the develop- 
ment of high-speed offset presses and photo-composing methods. 
Senefelder was a restless genius and an experimenter dabbling 
in hundreds of different ways. First he practiced reverse writing. 
Afterward he found that by writing with an English pencil on 
suitable paper he could offset his writing on to stone. Having 
the stone for his original he was able to transfer the image to 
other mediums and multiply the creation. Finding a suitable 
transfer paper was one of the difficult problems he had to solve. 
Next in line with Senefelder came the problem of a proper print- 
ing press for the development of his work. The first press 
resembled a washing machine, involving a wringer or roll and 
a handle, From this crude beginning we have an industry 
which ranks eighteenth in importance today. Due to Sene- 
felder's invention and the desire for color, the market for litho- 
graphic products has been created. 

The question which comes to the mind of the average layman 
is this: Why the necessity for lithographic printing when color 
reproduction can be successfully accomplished by letter press? 


"Superintendent, Stecher Lithographic Co. Mem. A.S.M.E. 
ind resented at the First National Meeting of the A.S.M.E. Printing 
ustries Division, Rochester, N. Y., November 8 and 9, 1928. 
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The principal reason for the existence of lithography is that on 
account of printing from a zine or aluminum plate of large size 
(45 in. X 65 in.) it is possible to produce large quantities of 
beautiful work cheaply. One of the serious drawbacks to multi- 
color printing by letter press is the costly “make-ready.”’ Pre- 
paring the lithographic plate is much more simple, particularly 
by the use of photo composing, step and repeat machines, or 
mechanical transfer. 


LirHoGRAPHIC METHODS 


A lithographic printing institution comprises a creative de- 
partment where beautiful designs are developed and offered to 
the market; a photo-composing or hand-transfer department 
where these designs are reproduced for commercial production 
on the printing plate; and a printing department where by 
means of the planographic press, the image is reproduced in 
large quantities. The planographic process, which is described 
later, depends on both attracting printing ink to the parts of 
the image where it is required, and repelling it, through the 
antagonism of grease for water, where it is not wanted. 


Man Power 


Beginning with Senefelder’s invention in 1796, a craftmanship 
has been developed which has reached a high state of perfection. 
These highly trained artisans have been imbued with the pride 
of achievement, which is a very desirable attribute and reflects 
the standard of the institution with which they are affiliated. 
It is doubtful whether this profession will ever be materially 
affected by the development of modern methods, or replaced 
by the camera or by mechanical and other means. 

This is, however, only as regards the creative function of the 
art, for in the production end of the business it is possible that 
the personnel may succumb to the ills of mass production. By 
that the author means that we shall develop press operators, 
cutting-machine operators, inspectors, and such employees as 
are concerned in handling the equipment, but due to proper 
control methods the preparatory work will be taken care of by 
other means. Under the present system the lithographer handles 
most of the details. Under the new scheme of things he will 
be familiar only with the specific function with which he is 
identified. The pride of achievement may be lost in the transi- 
tion, and it will then be necessary to offset this condition by 
training. Executives are realizing at the present time the 
necessity for training, and arrangements have been made with 
the principal seats of learning in our leading cities whereby 
foremen, craftsmen, and executives may be afforded instruction 
in their particular branches. 


PropuctTion ConTROL AND WAGE INCENTIVES 


In the reproduction departments, however, modern production 
methods have made some inroads. The lithographic industry 
has been very slow to adopt scientific management, and the 
majority of establishments are still functioning under the older 
methods. This is particularly true in connection with all de- 
partments except the mechanical. In the press field considerable 
progress has been made. 

Due to the severe competition which prevails at the present 
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time and which will continue to command extreme effort, wage- 
incentive systems and production control will be necessary if 
the individual plant is to survive. The trend at the present 
time is to utilize photo-composing methods, high-speed offset 
presses, and long runs providing the greatest area of salable 
product with the minimum of waste. 

The industry has been slow to adopt material-handling methods 
and as a consequence there are great possibilities in adopting 


the Ford plan and thus increasing production per man-hour | 


many fold. In order to adopt these measures, however, it will 
be necessary to practically revolutionize the industry. It is 
the tendency at the present time to carry large inventories of 
raw and semi-finished material requiring a large investment 
and much floor space. This condition prevents a rapid turn- 
over of capital and is a serious handicap in the competitive 
market. Most of the establishments have developed from a 
modest beginning and as a result it was not possible for them to 
give any thought to the flow of raw and finished materials or to 
building layout. To remedy this situation will require a compre- 
hensive study of methods to eliminate large inventories and 
excessive floor space. One of the serious drawbacks to the 
continuous-flow system is the large floor area required for stock 
in process. Where presses are running in series on a color pro- 
gram the proper coordination of the colors involves a time 
element necessary for the oxidation of lithographic inks. It 
would be necessary to overcome this condition by the adoption 
of conditioning apparatus to promote continuous flow of ma- 
terials and oxidation of inks. 

Proper plant layout is one of the prime essentials if a pro- 
duction-control system is to be inaugurated, and offers an 
opportunity for the engineering profession to develop the field. 
It is only recently that sound engineering principles have com- 
bined with inventive genius. The modern press is constructed 
by the aid of jigs and fixtures, the result being that the parts 
are interchangeable. This was unheard of a few years ago. 
With the adoption of modern methods within the industry the 
problems of foreman training and human development will be- 
come much more pronounced. 

One of the basic materials upon which the lithographic industry 
depends for its existence is paper composed of cellulose fibers 
which are hygroscopic in nature and which relies upon the 
uniformity of the moisture content of the atmosphere to preserve 
its fitness for the process. It is advisable for the engineer to 
utilize synthetic weather or air-conditioning systems embodying 
refrigeration. One of the serious problems that the lithographer 
has to face is the expansion and contraction of paper fibers due 
to the variation in the relative humidity of the atmosphere. 
This condition is most serious during the months of July and 
August when the outside dry bulb is high. Without the use of 
an air-conditioning system and refrigeration apparatus con- 
siderable loss in production is experienced. This is also a con- 
tributing factor to the waste problem. It is often quite neces- 
sary for plants which do not utilize conditioning systems to shut 
down on very humid days. During the winter months, however, 
a reverse condition prevails. Where extremely low relative 
humidity exists on account of the necessity of heating the build- 
ings, an air-conditioning system is a tangible and profitable 
investment and can be utilized practically during the entire 
year. 

The tendency at the present time is to condition the paper 
warehouse or storage room, maintaining a uniform humidity 
and acclimating the incoming paper stock to that condition by 
individual paper-conditioning or curing machines. This element 
of production control is further augmented by maintaining the 
same relative humidity in the press and other process depart- 
ments. The use of such equipment, however, is not a cure-all. 


There are a number of other variables which offset the situation. 
One of the conditions which has a bearing on the problem is the 
mechanical stretch of the paper and this is more pronounced 
in connection with the direct printing process than with the offset 
method. The offset press, however, has reached a much higher 
state of development and the coordination of printing surfaces 
is under a much better control than that effected by the direct- 
press method. 


MATERIALS 


As stated before, paper is one of the principal basic materials 
used in the printing industry, and exists in a number of forms 
carrying the trade names of book, blotter, tissue, board, bristol, 
manila, and others. These in many cases are subdivided into 
grades and classes. One of the necessary requirements for 
lithographic printing is a paper having a smooth surface and 
uniform thickness. This is accomplished by the use of paper 
calenders. In order to provide the proper printing surface it 
is customary in many cases to coat the surface of the paper with 
a material composed of china clay, blane fixe, casein, and other 
coating ingredients. This coating process creates an_ ideal 
printing surface. However, many times it is difficult to secure 
a perfect impression on account of tinting trouble, particularly 
in connection with presses which print four or five colors at the 
same time. It is necessary to develop special coating materials 
for this condition. Second in importance in the line of materials 
are inks, the variety of which depends upon the degree of stand- 
ardization of colors. An institution producing art subjects will 
apply as high as twenty colors to secure the necessary color 
values according to the temperament of the artist, while the 
regular commercial house usually standardizes on a maximum 
of eight or nine. 

The colors are divided into groups as follows: 


Yellows Reds 


1 Chrome Yellow 
2 Chrome Orange 
3 Yellow Lake 


1 Mercury Vermilion 
2 Red Lakes 

a Madder 

b Para Reds 


Blues Asse 
ec Toluidines 
d Lithol Reds 
2 Prussian 
3 Bronze Purple and Violet Lakes 
4 Ultramarine 1 Permanent 
5 Blue Lakes 2 Fugitive 
a Peacock Orange Lakes 
b Oriental 
Alkali 1 Persian 
2 Permanent 
Greens 


1 Chrome Green 
2 Green Lakes 


These basic materials are used in conjunction with a large 
number of driers, reducers, softeners, and other substances 
which in compounded form produce the beautiful shades and 
tints used for the printing operation. 

Paper and ink are two of the most essential materials used, 
but are supplemented by a large number of chemicals and su 
plies, such as chromic, nitric, and phosphoric acids, which are 
used as etches, rubber blankets, leather shins for covering for™ 
rollers, molleton flannel, canvas, rubber-covered rollers, 4” 
arabic, stearin, photographic supplies, lithographic stones, ¢ 
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principles developed by Senefelder and were successful in de- 
vising the stone press which followed in sequence the hand press. 
They applied a reciprocating motion to a movable bed designed 
to receive a large stone upon which the image was transferred 
inreverse. This bed moved back and forth underneath a cylinder 
which revolved in unison with it, and upon the periphery of 
which the paper was attached by means of grippers. To insure 
perfect register the gear and rack were coordinated by means 
of a stop tooth which came into contact with the rack on the bed. 
This allowed the bed to come to the same position each revolu- 
tion. The stone press embodied the direct printing process 
and was the prevailing method used until the invention of the 
offset press by Ira Rubel in 1904, This invention was identified 
with the tin printing industry until about ten years ago, when 
it was adopted by the paper printer. The direct-printing method 
enjoyed a long period of prosperity, and utilization of this type 
of equipment was the medium by which the prominent lithog- 
raphers of today established themselves. The process was 
highly developed and it became possible to print as high as five 
colors at one time. Two presses of this type were designed 
and constructed, and are in operation successfully today. Four 
presses were also built which would print four colors at one 
time. These are also in operation at the present time. 

Lithographic presses are divided into two general types, 
direct and offset. The direct press is one in which the impression 
is made directly by the aluminum or zine plate on the paper 
or medium upon which the design is to be printed, and is the 
oldest of the two types in general use today. The offset press 
is equipped with an additional cylinder called the ‘‘blanket”’ 
cylinder, upon which a rubber blanket is stretched over the 
printing surface on the periphery. In the operation of this 
press the image is transferred from the aluminum or zinc plate 
to the rubber blanket and in turn to the paper. By this method 
a more beautiful reproduction is possible, and as in the manu- 
facturing of presses at the present time the tendency is to produce 
offset machines, the direct types will soon cease to be built. 

The direct press has advantages where large quantities of 
ink are required for poster work or where a heavy background 
is desired on label work or jobs of this type. One of the draw- 
backs of the direct press was the absence of bearers, and without 
this medium the pressman had considerable difficulty in co- 
ordinating his printing surfaces. Another difficulty experienced 
in the operation of the standard types of direct presses was the 
method of sheet delivery. The early types embodied the fly 
delivery, which was fairly successful. The fly delivery con- 
sisted of a series of hardwood sticks ranging from 30 in. to 48 in. 
in length according to the size of the press. These fly sticks 
Were tapering through their length and were equipped with 
steel star wheels at intervals of about 6 in., arranged in a vertical 
position on a horizontal axis in a slot. These sticks were sup- 
ported at the base by a shaft which caused them to travel through 
an are of about 90 deg. They received the sheet of paper from 
the delivery cylinder and delivered it to the pile where the 
sheets were stacked. 

It had disadvantages, however, due to the fact that the work 
was delivered to the fly with the printed side down. Further, 
it Was necessary to use fly strings on the delivery to carry the 
sheet down to the proper position for the fly sticks to receive 
it. These strings also contributed their share toward producing 
work of poor quality. This type of delivery was responsible 
for the slower speeds in the operation of these presses, and this 
condition prevailed for a number of years until the chain and 
Sripper delivery was developed. This improvement embodied 
no methods of handling the material in process: First, the 

ing feature, where the printed sheets were delivered to a 
rack which was inserted under the delivery grippers. These 
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racks held about fifty sheets, and were quite necessary on presses 
printing three or more colors on account of the danger of off- 
setting. This feature was also a material aid in the oxidation 
of the inks. Secondly, the possibility of stacking the work on 
platforms which could be handled by an elevating truck. This 
type of delivery required an elevator, which was embodied in 
the design of the press 

With the desire for greater speed the press builders developed 
the chain and gripper delivery, which is used by practically all 
press manufacturers at the present time. In most instances 
this increased the speed of the press, but the marking of the 
sheets still prevailed and a poor quality of work was produced. 
As in the former case, this was due to the fact that the work 
was delivered with the printed side down to delivery conveyor. 
The sheet was reversed finally and arrived on the pile right side 
up. Many presses of this type are in operation today, but 
they are not adapted to work having heavy backgrounds where 
high quality is required. This defect was overcome later, 
however, by the adoption of the extension delivery such as is 
used in conjunction with the modern offset press. 

In the modern extension delivery the sheet is delivered from 
the impression to the delivery cylinder underneath the press; 
passes below the operator's platform and is delivered right side 
up on a platform for stacking. 

In the older chain-delivery types, the sheet was transferred 
upside down from the impression to the delivery cylinder near 
the top of the press. 

Competition in design was responsible for many improvements 
as the field developed. This was particularly accelerated by 
the use of electrical equipment which made it possible to employ 
individual drive, dynamic braking, inching, reversing, and other 
features. This also made it possible to trip the press automati- 
cally when a sheet of paper failed to register at the guide. Compe- 
tition in press building was also responsible for the development 
of the automatic tripping of press cylinders and roller motions, 
waich eliminated lost time and increased production. 

Labor conditions and the desire for better register of colors 
created a field for the automatic feeding of presses, and at the 
present time this is standard equipment. The automatic feeder 
embodies many features which prevent lost time. It comprises 
several functions such as sheet separation by means of a platen, 
a lifting and forward movement by means of suction and pres- 
sure under the sheet, micrometer control to insure one sheet’'s 
being delivered at a time, a tripping device in case a sheet failed 
to come up to the guide correctly, as well as other features. 

With the adoption of the offset press by the paper-printing 
industry a machine has been developed which embodies sound 
engineering principles and skilled workmanship. In the early 
days of the press builder the designer was usually more inclined 
to be an inventor than an engineer, which resulted in a lack of 
standardization. The offset press of today has been constructed 
for the purpose of mass production with a high standard of 
quality, quick make-ready, and automatic devices to eliminate 
lost time. It is possible to operate the latest types up to and 
including 4000 per hour. By the use of suitable bearers the 
printing surfaces are under control and slippage is practically 
impossible. 

The possibilities in the offset-press field are unlimited and it 
would be difficult to predict as to developments in the future. 
Except in one or two special cases, two colors are the most that 
have been successfully used on the sheet-feed press. A German 
manufacturer has been successful in building a four-color web 
offset press which is in use at the present time in Australia, and 
one of the representative press manufacturers has expressed a 
willingness to build a three-color sheet-feed offset press for a 
special line of work. The various lines of machinery which are 
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involved in the finishing operations have also kept pace in im- 
provements and automatic features. 

The finishing process utilizes some of the following equipment: 
embossing presses, folding-box machinery, and scoring and 
creasing, stitching, and cutting machines. There has been a 
desire on the part of the cutting-machine designer to build a 
machine having greater accuracy and strength. At the present 
time German manufacturers are placing cutters on the American 
market which are massive in structure and embody automatic 
features such as spacing devices and adjustable clamping to 
allow for differences in thickness of the stock to be cut. A 
new safety trimmer has been designed which adapts itself very 
effectively to the continuous flow of stock. This cutter differs 
from the conventional type in that the stock to be cut is fed at 
the front side of the machine and delivered at the back. It is 
particularly successful in connection with the chopping operation. 

Folding-box gluing machines have been developed which 
have a production as high as 700,000 boxes per day. Formerly 
250,000 was considered a good record. 

The scoring and creasing, stitching, folding, and other ma- 
chines have been greatly improved to promote greater production. 


RESEARCH 


Nearly all of the branches of industry which process or manu- 
facture the raw materials used by printers are affiliated in some 
way with some institution involving research. The Pulp and 
Paper Makers’ Association have identified their activities with 
the Forest Products Laboratory of Madison, Wis., a branch of 
the Department of Agriculture. The manufacturers of litho- 
graphic inks and the lithographers have subscribed to the Litho- 
graphic Technical Foundation. This is operated under the 
auspices of the University of Cincinnati and is directed by Prof. 
Robert Findley Reed. 

The manufacturers of lithographic and spirit varnishes are 
either connected with some research bureau or conduct their 
own. This is true also of the manufacturers of the less im- 
portant materials which enter into the operation of a plant. 
Paper, historians tell us, was made by the Chinese some five 
thousand years ago, and has been gradually improved up to 
the present time. Considerable research work has been con- 
ducted and constructive developments made. In spite of all 
this, the lithographer feels that the surface has hardly been 
scratched, and that the paper manufacturers have before them 
tremendous opportunities for advancement in the art. 

In this age of automatic packaging machinery the label manu- 
facturer has before him a serious problem to produce a label 
that will function properly. This involves paper of proper 
tensile strength, flexibility, folding quality, glue penetration, 
surfave and absorption qualities, as well as better appearance. 
These requirements are severe, and in some grades of paper the 
character of the cellulose fiber plays an important part in the 
formation of the sheet. Paper manufactured from the northern 
woods has longer fiber than that from the southern woods, and 
in the manufacture of gum-label stock this is a very necessary 
requirement. The fiber formation and use of southern wood 
pulp provides a stock that will function on a high-speed gum- 
wrapping machine. 

For can-label stock, to which spirit varnish is to be applied, 
an entirely different formula is required. In the light of these 
conditions and many others the paper-manufacturing industry 
has a need for continuous and extensive research. 

Due to the depletion of our national resources—and this 
applies particularly to our forests—it will be necessary to find 
a substitute for wood fiber. Recently great strides have been 
made in the utilization of sugar-cane refuse for paper making. 
This is being offered to the trade at the present time. Re- 


forestation naturally will play an important part in prolonging 
our supply of wood. However, substitutes will be a necessary 
adjunct. In the lithographic field much is now being done to 
improve and simplify the process. At the present time experi- 
menters are endeavoring to make a printing plate that will 
last indefinitely. The average life of a plate at the present 
time is about 50,000 impressions, and there have been instances 
where a plate has produced as high as 500,000 impressions, 
This proves that under the proper conditions plates can be made 
that will compete with electrotypes. The lithographic process 
is over a century old, nevertheless the facts related prove that 
we do not have a complete knowledge of the subject. There 
are tremendous opportunities in store for the research chemist. 

Some inventors have endeavored to create a process of dry 
lithography, but at the present time have not met with great 
success. Possibly the nearest approach to the goal is the new 
Pantone process, recently brought out in England. It is claimed 
that a plate produced by this method will last indefinitely. The 
announcement of the electrodeposition of rubber on metallic 
surfaces attracted considerable attention, but up to the present 
time it has not been a commercial success as regards the litho- 
graphic industry; however, it has possibilities in connection 
with better printing surfaces. Further opportunities are seen 
in conjunction with the photo-litho process, and we look forward 
to the time when the offset press and photo-composing methods 
will remove many of the difficulties which exist at the present 
time. 

The manufacturers of paints and varnishes have conducted 
many experiments and tests dealing with the oxidation of linseed 
oil, and much valuable information has been obtained on the 
subject. However, great possibilities exist to further this 
important work which is so vital to the paint manufacturer. 
The lithographer is particularly interested, and his problems 
in this respect are serious and of great importance. The use of 
different pigments in conjunction with linseed-oil varnish results 
in oxidation processes which vary considerably as regards the 
time element. In order to expedite matters it is necessary to 
employ catalysts, which accelerate the processes by providing 
more oxygen to the molecules. This variation in oxidizing 
qualities is a serious problem for the printer, and affords great 
opportunities for improvement. 


Some Recent LirHoGRAPHIC REPRODUCTIONS 


One commercial-art subject which attracted much attention 
was the Mazda calendar of 1927. This represented the applica- 
tion of fifteen colors and tints applied by the offset method, and 
the average layman can hardly realize how it would be possible 
to utilize so many. This reproduction, entitled ‘Reveries,” 
presents a beautiful garden and a sparkling pool of water from 
which rises a fountain beneath which repose two female figures 
representing youth in all its charm. 

To produce this picture in the proper color harmony it was 
necessary to employ a large number of colors and tints, possibly 
four different blue tints, as well as several pinks, browns, ete. 
The Mazda calendars for several years, including 1928, it may 
be said, have been lithographic masterpieces. 

One lithographer has been very successful in reproducing ol 
paintings by the great masters which defy the most skilled artist 
to select the original from a distance. These reproductions 
are on sale in the art stores and retail for as much as ten 
twelve dollars each. They require many tints to secure the 
proper tone and color value. 

Some of our advertisements are art subjects of distinctio®) 
for example, the one depicting a girl in summer attire and youth- 
ful beauty, calling our attention to the merits of a popular beve™ 
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Sometimes it has been necessary to utilize as many as twenty- 
two colors and tints to produce an intricate subject. These 
are rare cases, however, and unusual. 

In the superimposing of colors in the planographic process 
it is customary for can-label work to print the less opaque colors 
first and follow in sequence with the more opaque; the first 
colors are the yellows and greens, followed by the dark blues, 
reds, browns, blacks, ete., according to the subject to be produced. 

Great care has to be exercised in timing the application of the 
several colors. If the first colors become thoroughly dry before 
the succeeding ones are printed they will not lift properly; also 
the second application will not oxidize properly because the first 
colors become hard and eliminate absorption, in which case the 
later colors are on the surface and require a much longer time 
to become dry. 


Some oF THE Processes EMPLOYED IN THE LITHOGRAPHIC 
INDUSTRY 


Collotype. The planographic field comprises several processes 
which are in use today successfully, one of the earliest being 
the collotype process, invented by Louis Alphonse Poteoin, a 
French chemist, in 1855. In this process a film of gelatin is 
prepared in such a way that it can be printed lithographically 
by being made selective to greasy ink and water. The gelatin 
is first sensitized with ammonium bichromate and given a grain 
on drying. It is then exposed under an ordinary photographic 
negative, washed and dried, after which it is treated practically 
the same as a lithographic stone, having closely corresponding 
properties. Another process quite similar to the collotype is 
the aquetone. 

Photogravure. Photogravure or intaglio is a process of printing 
from a copper-covered cylinder on which the image is etched 
below the surface by means of acid, the tints and shadows being 
controlled by the depth of the etching and the halftone dots. 

The copper plate for photogravure is first prepared with resin 
dust. A positive transparency is made from a photographic 
negative and from this a print on carbon tissue, which latter is 
then pressed down on the prepared copper plate and developed; 
following development the plate is etched with perchloride of 
iron solutions of various strengths. The etching will be deepest 
in the shadows and least deep in the high lights. In printing 
a shiny coated paper is used and an ink of light consistency. 
Surplus ink is removed from the surface of the cylinder by a 
scraper, the remainder being applied to the paper in the usual 
manner 

The Pantone Process. One development which some authori- 
ties feel holds forth great promise is the Pantone process, re- 
cently bought out in England. 

In this process a very smooth sheet of iron or mild steel is 
Successively electroplated with an exceedingly thin coating of 
nickel, a coating of copper about 0.006 in. in thickness, and 
4 thin coating of chromium. The plate is further coated with 
photoengravers’ enamel, exposed under a halftone negative, 
developed, and burned in. This procedure is followed by 
etching in glycerin and hydrochloric acid which eats away only 
the chromium. After this the plate is placed in a silver or gold 
plating bath, where metal is deposited in the recesses formed by 
the etching process. 

The enamel is then removed and the plate rubbed with a 
mixture of mercury and chalk to amalgamate the silver or gold 
areas. This provides areas of ink-receptive chromium forming 
the blacks of the image, and amalgamated areas of ink-re- 
jecting gold or silver distributed over surfaces of the plate and 
forming the whites of the image. 

By using an ink compounded with a certain amount of mer- 
“ury it is possible to produce a satisfactory impression. The 


PRINTING INDUSTRIES 


PI-50-10 37 


originator claims that there are great possibilities in this method 
as it produces plates which will last indefinitely. 

In conclusion the author wishes to state that future develop- 
ments will undoubtedly make it possible to secure a million or 
more impressions from a planographic plate, which will make 
it a competitor of the electrotype. And with such plates in 
combination with the modern high-speed offset press, the future 
offers great possibilities. 

As I see it, the lithographic field is divided into two or more 
groups: One where mass production can be applied, this involving 
the production of three- and four-color labels of various kinds, 
seed packets, children’s books, and work of that nature; the 
other a group where art subjects are printed in smaller quantities 
requiring greater craftmanship and skill. It would be very diffi- 
cult to apply production methods to this class. In the former 
case, standardization of materials plays an important part and 
the control of materials used so far as uniformity is concerned. 
In mass production applied to the industry, uniformity is abso- 
lutely essential and scientific instruments will and can play an 
important part. This concerns the paper medium, inks, chem- 
icals, gums and the many product which are used in the process. 


Discussion 


J. R. Buatne.? The author’s treatment is concise and suggests 
several points where material improvement and advance can 
be looked for. Fundamentally, lithograph printing is plano- 
graphic printing and as such has problems quite different from 
letterpress or raised-surface printing. The main difference is 
found in the printing contact on the sheet. This contact is 
theoretically a line contact, but in practice is really a surface 
contact extending the entire width of the cylinder and depending 
upon the amount of yield in one or the other of the contacting 
members, be it cylinder packing as in direct lithography or 
rubber blanket as in the offset process. This contact pressure 
comes over the entire sheet during the revolution of the cylinder 
no matter where or what the size of the design may be. It brings 
in to a much more vital degree the question of how the stock 
“lays.”’ For this reason wrinkles, distorted sheets, and mis- 
register are more common than in letterpress printing. These 
troubles can be minimized, as is done in some of the larger estab- 
lishments where air-conditioning apparatus is installed, which 
keeps the temperature and relative humidity under constant 
control, in the pressroom as well as in the seasoning room. 

Another problem in lithography which demands attention is 
the question of water. No doubt the greater percentage of print- 
ing trouble is directly traceable to the fact that water is as neces- 
sary asink. That this is realized is shown by the attempts now 
being made to eliminate the water entirely by substituting an 
ink-repellent surface such as described by the author in the 
paragraph headed “Pantone process.’’ So far, it can hardly be 
considered a success, as it is still in the experimental stage. 
Other experiments on extending the life of lithograph plates are 
being tried, and no doubt will lead to improvements which will 
increase the number of impressions many times over what is 
now possible. 

This is the age of mass production, and nearly all industries, 
including the printing industries, are profiting by the experience 
of the automotive organizations. Modern presses are built for 
speed, and improvements are made to increase running or pro- 
ducing time. This is as it should be. However, the writer has 
felt that there is a lack of cooperation or rather of understanding 
between the artists, designers, and advertising men in that 
greater production, better quality, and consequently lower cost 


2 Mechanical Engineer, Miehle Printing Press and Mfg. Co., 
Chicago, Ill. Mem. A.S.M.E. 
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could be obtained if they were to study their designs and com- 
positions in the light of just what the press must do in repro- 
ducing the subject. We all know that artists are temperamental, 
and perhaps that is the reason no one dares “take the bull by 
the horns,” as it were, and tell them what to do. However, the 
advertising manager cannot hide behind this excuse, and it 
would seem that help might be expected from this end. It 
would be interesting indeed to know just how much running time 
is lost in a year due to the fact that the artist or advertising 
manager insists on some insignificant point or combination as 
regards color or register composition. 


8S. Huson.’ The fullness of the author's paper in- 
vites discussion from several angles. It is in the closing para- 
graph, however, that the writer feels he detects an accentuation 
of a vista of the future on which the paragraph touches. It 
may seem idle speculation to dwell on the great possibilities 
spoken of; nevertheless, the tenor of the paper points to ad- 
vancement and marked change in present method and practice. 

To those who closely follow printing in its intricacies, every 
thought that conduces to application of new discovery and 
skilled investigation, particularly in the field of chemistry, senses 
itself in the broader thought that printing, as we know it today, 
must ultimately be produced through the results of laboratory 
research. 

It may be, too, that these remarks seem irrelevant to the usual 
discussion that might be expected on so excellent a paper, but 
when one knows the circuitous ways of present practice in the 
preparation and production of printed matter, as pointed out, 
and then considers what has and is being done by photography— 
for instance, the recent demonstration of direct-color repro- 
duction, also the chemical reactions as outlined in the paragraph 
on the Pantone process as showing satisfactory response to posi- 
tive and negative attraction—and other research, it lends con- 
viction to the view that planographic or surface printing is an 
able forerunner of the coming event. 

The printed page will be produced from a plane surface on 
which the magic of light has been impressed in all the beauty 
of the chromatic spectrum, which as it is imparted to the printed 
sheet will be continuously built up by the response of selective 
chemical affinities to color tones. 

How it will be done, the laboratory will find out. So do not be 
surprised if some day our literature comes to us in all the re- 
splendence of color sensation, and the production raised to a 
bewildering quantity, all in one running through the press—if 
it is still called by that name. 

The outlookmay not be encouraging to the ink and the plate 
maker, but their work will not be lost in the scheme of things 
as we delve in nature’s laboratory to uncover the elements and 
factors that will contribute to further high achievement in the 
everlasting art of printing. 


3 New York, N. Y.; Chairman, Progress Report Committee, 
Printing Industries Division. Mem. A.S.M.E. 


T. Ope.* I would ask the author if, with gir. 
control in the summer, does he still have trouble with the paper? 

Mr. Van Vecuten. According to the best authorities on the 
subject, we should not have any trouble if we maintain an 
average temperature or a moisture condition of the atmosphere 
throughout the year. In our experience, when the outside con- 
ditions are extreme, even when we have the inside conditions 
under control, the paper is affected to a certain extent. 


Mr. A. J. Newron.’ Is the inside entirely under contro! 

Mr. Van VeEcHTEN. So far as we can tell, 

Mr. Ope. Have you found that it will help you materially in 
the summer time? 

Mr. VAN VECHTEN. Quite materially; it eliminates a number 
of days in the summer time when it is necessary to shut down 
due to very humid conditions. 

Mr. Ope. Would you find any improvement in five-color 
operations when the job is begun and ended on the same oper- 
ation? 

Mr. Van VecuTen. I think that is quite an improvement. 


Watter E. Sooy.* Speaking of relative humidity, what per- 
centage of humidity do you recommend for the air in the press- 
room? Would you have trouble with static electricity if the 
proper relative humidity is maintained? 

Mr. Van Vecuten. We find that it does not when we carry 
a relative humidity above 45 per cent or somewhere in that 
neighborhood. 

Mr. Ope. What have you found to be the correct humidity 
to use? 

Mr. Van VECHTEN. We feel that the correct humidity is a 
point that never has been definitely determined. According to 
to the experience of other lithographers as well as ourselves we 
have selected a humidity that is in the line of economics and 
which can be maintained with the lowest possible cost. 

Mr. Ope. You said something about 45 per cent. 

Mr. Van VecuTEN. I said that the lithographer, the prae- 
tical lithographer, preferred a low humidity. 


Haroutp E. Vensiace.’ Is that apt to vary from season to 
season, from winter to summer? 

Mr. Van Vecuten. Do you mean if we do not have control’ 

Mr. Veustace. No; would you find the relative lumidity 
should be higher in summer or in winter? 

Mr. Van VECHTEN. It is better to maintain an averag' 
humidity throughout the year. That is why we selected 45 per 
cent as the most economical point to maintain. 

‘ Secretary, Providence Lithograph Company, Providence, R. | 
Mem. A.38.M.E. 

’ Engraving Department, Eastman Kodak Company, Rochester, 


N. ¥ 


6 Secretary and Plant Manager, Michigan Carton (o., Battle 
Creek, Mich. Mem. A.8.M.E. 
7 Eastern Engineering Representative, Duplex Printing Press 


Company, New York, N. Y. Mem. A.S.M.E. 
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Progress in Railroad Mechanical Engineering 


Contributed by the Railroad Division 


Executive Committee: H. B. Oatley, Chairman, Marion B. Richardson, Secretary, William 
Elmer, A. F. Steubing, R. S. McConnell, and Elliott Sumner 


country, the recent and most elaborate celebration being 

that of the Baltimore & Ohio Railroad, it may not be out 
of place in this year’s report to include a few figures which will 
briefly indicate the colossal proportions to which the American 
railway system has grown during the past 100 years. 

The total investment in Class I roads now amounts to more 
than 24 billions of dollars; their mileage is in excess of 250,000, 
representing more than one-third of the world’s total. On 
January 1, 1927, these roads operated 62,800 steam locomotives, 
which had an aggregate tractive power of 1,304,000 tons. As 
of the same date, these roads operated 2,350,000 freight cars 
which had a total carrying capacity of 105,717,000 tons. Over 
1,000,000 cars were loaded each week during the year, and they 
carried 3791 tons of freight one mile for each inhabitant of this 
country. ‘These figures give a background for an appreciation 
of the important place, in the economics of this country, which 
is occupied by our basic transportation industry. Lack of prog- 
ress in development, and particularly in all of the engineering 
problems involved, would be a deterrent in the business and 
economic life of our nation. Such depressing effect, while it 
cannot be evaluated, would be admittedly enormous. A record 
of the progress which railway mechanical engineering has made, 
therefore, is always of value, and as the centenary of railroad 
beginnings is occurring, it becomes of more than ordinary in- 
terest. 

During the past year the progress in railway mechanical 
engineering has been steadily toward bettering the operating 
ethciency of railroads by continuing the effort to increase the 
gross ton-miles per freight-train-hour. This unit is becoming 
generally recognized as a most valuable index. Part of the ac- 
complishment is due to heavier and more efficient motive power, 
part to improvements in signaling, heavier car loading, etc. 

“Railroad efficiency is a factor of national prosperity” has been 
a motto always in the mind of progressive railroad men. Effi- 
ciency in the purchasing and maintenance of stock material 
suitable for the requirements, but not involving an unnecessary 
investinent, is an activity which, during the past year, has made 
marked progress. Intensive effort to avoid excessive surplus 
material has been made. 

That some, at least, of the views expressed in previous reports 
of this committee have been brought into reality may be evi- 


denced irom the following quotation of a leading railroad execu- 
tive: 


A S 1927 is the centenary of various railroad systems in this 


_ From the mechanical viewpoint, the most significant developments 
in the railway field are the design and construction of high-pressure 
Steam locomotives, of oil-electric locomotives, and of very high- 
capacity electric locomotives; the application and operation of 
capacity- and efficiency-increasing devices to what may be called the 
normal t ype of steam locomotives, and the design and construction 
of locomotives of this same normal type so that they show more 
reliability in service, more economy in operation, and have a lower 
annual repair cost and a longer life. 


The campaign for greater economy in the use of fuel, in which 
the International Railway Fuel Association and the Traveling 
Engineers’ Association have been factors of great importance, 
has made progress during the present. year. 

The average daily movement per freight car for the first seven 


months of 1927 was 29.8 miles, the highest mark ever attained 
in any corresponding period, according to reports filed with the 
Bureau of Railway Economics. This was an increase of one- 
half mile above the best previous average established in the 
first seven months of 1926. 

The campaign for greater safety, while not a mechanical-engi 
neering problem, is of such intense human interest that endorse- 
ment of these efforts is not out of place in this report, and such 
endorsement is heartily given. 

Progress in standardization of weighing equipment complying 
with the requirements of the American Railway Engineering 
Association and of the Bureau of Standards, has been reported 
as having made marked advancement during the current year. 


Morive Power 


The tendency toward higher steam pressures in locomotive 
boilers is going forward, the Delaware & Hudson Company 
having put in service its 400-lb. John B. Jervis, and the Pennsy|- 
vania is engaged in designing a 2-10-0 type with 450 Ib. pressure. 
Auxiliaries are operated with superheated steam; enlarged grate 
areas, and greater firebox volumes are being used in increasing 
numbers, as are also feedwater heaters and exhaust-steam injec- 
tors. Three-cylinder locomotives are being bought in con- 
siderable numbers. 

Experiments are still being conducted with oil-electric loco- 
motives in switching service. The Chicago & Northwestern have 
added storage batteries in order to reduce the weight of the 
primary power plant. 

The effort toward long locomotive runs is continuing, and in 
this effort larger tenders and a better spacing of water stations 
are proving effective. 

Cast-steel underframes for tenders are being more extensively 
used, and experiments are being conducted with one-piece cast- 
steel locomotive frames and, on one road, with a cast-steel 
smokebox. 

There is increased activity in and development of a modified 
boiler construction permitting more satisfactory service, not 
only for use with higher steam pressures, but with consideration 
of better water circulation and the reduction of corrosion effects. 
Consideration is also being actively given to the proper adapta- 
tion of condensing operation as well as to the use of air pre- 
heaters. 

Reference to Table 1 shows the marked increase in the use of 
four-wheel trailing trucks on locomotives. It is to be noted 
also that practically all of the new and advanced designs of 
locomotives constructed during the year have had this feature, 
and also that a large proportion of the new designs have been 
built for steam pressures ranging between 220 and 300 lb. per 
sq. in. The tendency in this particular, mentioned in previous 
reports, has been progressing during the current year. A number 
of the new defigns of locomotives have made use of nickel, or 
silicon, alloy steel for the shell plates of these higher-pressure 
boilers. Reports of the service of this material have not shown 
any indications of difficulties, and the advantages in reduced 
weight for a given set of conditions appear to have been realized. 

Indications, from the records covering the first half of 1927, 
encourage the belief that the fuel savings on locomotives will 
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TABLE 1 DATA ON NEW DESIGNS OF LOCOMOTIVES 
Throttling 
Feed- between 
water super- 
Type Boiler Cylinders es Back- heater Max. heater Grate area, sq. ft. 
ot pressure Max. °o pressure or cut-off, and Per 100 
Road engine Ib. No. hp. superheater gage injector percent steamchest Total hp. Remarks 
A. T. & S. Fe 4-8-4 210 2 3150 E None FWH 88 Yes 108.4 3.44 Mult. throt. 
B. & O. 4-6-2 200 2 2252 A None — 85 No 66.7 2.96 eres i 
Can. Natl. 4-8-4 250 2 2705 E With FWH 85 Yes 84.3 3.11 Mult. throt 
Cc. B. & Q. 2-10-4 250 2 4000 E With FWH 65 Yes 106 2.65 Mult. throt. 
Qen. W. 2-8-4 240 2 2915 E With FWH 60 Yes 100 3.43 Mult. throt 
D. & H. 2-8-0 300 2 3121 E With — 75 No 99.8 3.19 <heenee 
D. L. & W. 4-8-4 250 2 3036 A With 85 _ 88.2 2.9 ; 
D.& R. G. W. 2-8-8-2 240 4 5100 A With FWH 70 Yes 136.3 2.68 Mult. throt, 
Erie 2-8-4 250 2 3430 E With FWH 81 Yes 100 2.9 Mult. throt. 
G. T. W. 4-8-4 250 2 2870 A With FWH 88 Yes 84.4 2.94 Mult. throt. 
5... B. 0-8-0 205 3 2829 A With FWH S4 Yes 72.5 2.56 Mult. throt 
4-6-4 230 2 2580 E With FWH 386 Yes 71.5 Mult. throt. 
O. I. M. Co. 0-8-0 235 2 2070 None FWH 80 Yes 62.0 3.14 Mult throt, 
So. Ry. of Eng. 4-6-0 220 4 Inj -- 33.0 


amount to approximately $17,000,000 as compared with the 
year 1926. The consumption per 1000 gross ton-miles in freight 
service for the first four months of this year was less than for 
the corresponding period during the year 1926. If this rate of 
reduction is maintained, the 1927 figure will be 129 Ib. 


Rouuine Srock 


Experiments are being made with lacquers for both the ex- 
terior and interior finish of coaches and dining cars. 

A number of railroads are putting motor buses on the high- 
ways as feeders to, as well as paralleling, their steam routes 
Larger and higher-powered motor rail cars have been developed 
to haul one or two trailers. 

The rapid advance in the use of self-propelled cars is evidenced 
by the fact that over 200 of such units were purchased during 
the first half of the vear 1927. 

The American Railway Association standard box car has been 
designed, and plans are being prepared for hopper and gondola 
cars. One road is experimenting with a solid cast-steel under- 
frame for freight cars. Improvements in refrigerator cars invol\e 
trials of the “silica gel’’ process and ‘‘dry ice’’ or solid COs. 

Automobile cars of new design, embodying side doors 12 ft. 
in width, have been built by the Chicago, Milwaukee & St. 
Paul, the Missouri, Kansas & Texas, and other roads, to meet 
an urgent demand from automobile manufacturers for cars with 
wide side doors, so that easier loading of completed automobiles 
is afforded. Reference should be made also to the 70-ton 
hopper gondola cars put in operation during the past year by 
the Delaware, Lackawanna & Western Railroad. 


Economics 


From the economic standpoint, we have the benefits realized 
by shippers and merchants because of the rapid and reliable 
movement of freight and passenger traffic; the rapidly in- 
creasing safety of travel, and especially the steadily decreasing 
net income of the carriers, which follows the many reductions 
in freight rates on the one hand and the alarmingly rapid in- 
crease in taxes and in payments to railroad workers on the other. 

It is gratifying to note a change in public sentiment toward 
corporate interests, and particularly toward the railroads. A 
more sympathetic and appreciative viewpoint on the part of 
the public toward the progressive efforts of the railroads cannot 
help but have a beneficial effect upon all interested parties. 

Greater efforts toward informing the general public of the 
engineering and operating progress is proving“a wise move, 
and the railroad industry in general is to be commended for its 
efforts in this direction. 

From the political standpoint, we have the growing political 
power of the standard labor unions; the desire of many poli- 
ticians to stimulate railroad consolidation and to reduce freight 
rates, without regard to the cost of the service; and the thinly 


veiled designs of many to work toward Government ow:ership 
of the railways. 

‘Lhe increase in efficiency and reliability of the railroads, since 
1920, has affected the every-day life of every individual. There 
have been no strikingly important changes in the machinery 
or processes during that period, although large sums of capital 
have been invested in the direction of modernizing and increasing 
the capacity of the railway plant. 

Progress in extending the use of automatic train control, 
improved automatic signal systems, and more efficient operation 
in freight classification yards is also to be recorded for the year. 


TECHNICAL TRAINING 


Questionnaires were sent to all the technical schools and 
colleges that maintain courses designed to prepare students for 
railway-mechanical-engineering work. The replies show that the 
various educational institutions are beginning to feel the results 
of a greater effort on the part of the railroads and railway- 
supply companies to cooperate in the training of men for their 
respective industries. In addition, the American Railway 
Association has been utilizing the laboratory and test facilities 
afforded by the various educational institutions, especial) 
at Purdue University. 

The Pennsylvania State College has for some time been study- 
ing the problem of insulation and heat transmission, factors 
in the efficient insulation and cooling of refrigerator cars and the 
heating of passenger cars. Considerable progress in this work 
has been made in the past year. 

A number of radical changes are being considered in the 
courses of study offered to students in railway mechanical eng 
neering. For a number of years past different institutions have 
maintained courses in their curricula leading to the degree of Bach 
elor of Science in railway mechanical engineering. Among the 
most prominent have been the University of Illinois, Purdue Uni- 
versity, Pittsburgh University, and The Pennsylvania State Co: 
lege. Some of these institutions abandoned the course a numbet 
of years ago and combined the railway course with the straight! 
course in mechanical engineering, along much the same line 
as the average course of study in civil engineering. Pittsburt 
University, it is understood, and the Pennsylvania State Coleg 
are, however, still maintaining a course in railway mechanical 
engineering. The latter institution, however, is seriously 
sidering the abandonment of this course and including the mor 
important railway subjects in its mechanical-engineering Cou 

In many respects this trend in railway-mechanical-engine™ 
ing education will be beneficial from the standpoint of both the 
railroad and railway-supply industries. It is generally fl 
that mechanical engineers should have as broad an education # 
possible, and that specialization in college is not beneficial 
It is also felt that a considerable improvement can yet be hse 
in the educational field by a more careful selection of studes'* 
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Tue ‘“Joun B. Jervis,” a 2-8-0 Cross-Comrounp Locomotive BUILT FOR THE Detaware & Hupson 
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in mechanical engineering, the installation of some scheme of 
vocational guidance, and the planning of the course of study 
to more adequately serve the mechanical engineer in railroad work 
dealing with steam turbines, gas engines, electric traction, etc. 

The outstanding development in this field of education, from 
the standpoint of the railroad and railway industries, is the co- 
operative plan in engineering and commerce instituted several 
years ago by the Georgia School of Technology. The original 
plan of cooperative education for engineers was first instituted in 
September, 1920, when the textile department of that insti- 
tution arranged a course, to cooperate with the cotton mills, 
in the education of textile engineers. Since that time the 
cooperative plan has been extended to a number of railroads; 
viz., the Central of Georgia, the Tennessee Coal, Iron & Rail- 
way Co., the Georgia Railway & Power Co., the Atlanta, Bir- 
mingham & Coast, and the Nashville, Chattanooga & St. Louis. 
Under the cooperative plan the student spends alternately four 
weeks in college and four weeks in mechanical-engineering work 
in the railroad shops at Atlanta, Ga., and the cities within 
a radius of about 300 miles. By this arrangement the Georgia 
School of Technology has available two courses in mechanical 
engineering: viz., the standard four-year theoretical course as 
given by other engineering colleges, and a five-year course for 
those students who wish to combine practical experience with 
technical theory. The cooperative course is under the admin- 
istration of a director, an assistant, and an advisory board con- 
sisting of executives and officers of the various industrial and rail- 
road companies with which the school cooperates. 

The research work that is being carried on by the Railroad 
Division’s Committee on Professional Service shows that the 
opportunities afforded in the railroad industry are comparable 
to those afforded in any other industry. In all probability there 
will be a larger number of mechanical engineers entering railroad 
work in the future. It is believed that an institution offering 
courses in mechanical engineering could offer a better-balanced 
course if the design and operation of motive power and rolling 
stock were included in the mechanical-engineering curriculum. 

Considerable progress has been made by the Sub-Committee 
on Professional Service in collecting facts and information relative 
to the opportunities afforded the mechanical engineer in the rail- 
road and railway-supply industries. A progress report was 
presented at the annual meeting in December, 1926, which 
included considerable data collected up to that time. That re- 
port was published in full in February, 1927, issue of MECHANICAL 
ENGINEERING. A second report will be presented at the Stu- 
dent Branch Meeting of the Metropolitan Section on March 
14, 1928. 


TREND IN DEVELOPMENT 


Closer cooperation between technical schools, the railroads, 
and railway-supply companies is being evidenced. Technical 
schools more and more are requesting the services of mechanical 
engineers from the railway and railway-supply industries in 
bringing practical outside viewpoints before the undergraduates. 

Aeronautical transportation, as an adjunct to rail trans- 
portation, has been given great impetus during the past year. 
Notice must be taken of the recent opening, by the American 
Railway Express Company, of its transcontinental air service, 
and the indications point toward an even more pronounced de- 
velopment in this field. Aerial transport coordinated with train 
service under railway-company operation, as well as by inde- 
pendent companies, may confidently be looked for within a rela- 
tively shori time. 

Research and development work in insulation and heat 
transmission as applied to refrigerator cars and steel passenger 
cars will be continued, and rapid progress is anticipated. 
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Iceless refrigeration has been already developed to a point 
where its advantages in the railway field have been demonstrated, 
and its extensive use appears to be forecast. 

Motor-truck and bus service has been extended. Particular 
attention is being given to determining conditions under which 
further extension, from the standpoint of economy and adyap- 
tageous coordination with steam service, may be made. Mention 
must also be made of the increase in “auto-bus tours’ as 
an adjunct to passenger travel. In this field the Atchison, 
Topeka & Santa Fe and the Southern Pacific are the best known. 
The indications are that there will be considerable increase in such 
auxiliary services. 

The development of the Diesel-electric power units, suitable 
for rail motor cars, with a weight of engine and generator of not 
over 26 lb. per hp. has been brought to the Committee's attention. 
Light-weight units of this character and of a size and flexibility 
suitable for rail-motor-car use offer encouragement to the further 
adaptation of this equipment in the not-far-distant future. 

Diesel-electric locomotives, arranged for multiple-unit con- 
trol and suitable for road service, are under construction for the 
New York Central Railroad. The Ingersoll-Rand Company, 
the McIntosh & Seymour Corporation, and the General Electric 
Company are developing and perfecting this method of control. 

The American Railway Association’s draft-gear tests at Purdue 
University were started with encouraging results during the 
year. The same association has made progress also in its 
research into the question of truck side frames, and the results 
of this important work should, and undoubtedly will, prove 
of great benefit to the railroad industry. 

Some attention has also been given toward applying mechanica’ 
draft to locomotives by using turbine-driven fans for forcing 
air below the grates. The question of the use of pulverized 
fuel also has received further attention. Definite reports a 
to the amount of progress which has been made along these lines 
have not been available. 

Efficiency in the use of fuel, particularly as affecting the 
smoke-abatement problem, has been actively pursued and 
considerable progress reported. St. Louis is the center of th: 
greatest activity in this subject. 

The interest which the railways in the United States and 
Canada have in the application of roller-bearing journals has 
shown a marked increase within the last 12 or 14 months, particu- 
larly since the American Railway Association’s Atlantic City 
Convention of June, 1926, at which time exhibits of trucks and 
other equipment thus fitted attracted no small amount of atten- 
tion. Prior to this time several railways had been operating 
a small number of test cars. Within the last 18 months, four 
prominent trunk-line railroads have placed orders for 4 
roller-bearing-equipped passenger cars of all types, all of whic 
are now in service. The largest single order yet placed was {ot 

133 cars. At the present time most of the other roads ar 
disposed to watch the results obtained from the roller-bearing 
equipment in service rather than to proceed with any wholesale 
experimenting themselves. It is evident, however, that within 
the next year or two the manufacturers and the railroads wi! 
be possessed of useful data on the operating conditions of thi 
type of bearing, as well as upon the relative merits of competiti® 
types. Particularly is the latter true, as many of the oper’ 
ing advantages have already been well defined by actu# 
tests. 

The increase in size of motive power, the length of tra” 
and the larger-capacity cars now in use have brought abot! 
modification and improvement in draft gears which provide 
the more severe service conditions. The problem of slact 
control in draft-gear design is another subject in which progr 
has been made. The much better condition in which 
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brake apparatus is now maintained by the railroads is to be noted. 
Research in the air-brake field has been continuous and has 
resulted in the bringing out of a new type of feed valve having 
greater stability, reliability, and capacity, and a reduced cost in 
operation and maintenance. There have also been developments 
in brake-cylinder pressure-retaining valves and in the methods 
for more uniform application and release of brakes in passenger 
trains. The increasing use of higher steam pressures and higher 
steam temperatures has influenced development in air compressors 
and governors 

The increasing length of passenger trains has been appreciated 
by the manufacturers of train-heating equipment, and the past 
year has seen the application of train-heating equipment giving 
greater assurance that the rear cars of these long trains would 
be adequately heated. In this development, progress has been 
made in adapting modifications to the requirements of inter- 
changeability between cars thus equipped and others. 

The probable trend of development in the railway field within 
the next few years will be in the direction of enabling the rail- 
ways to obtain a greater net income than has been the case 
during the last ten years. This increase in net income is neces- 
sary if the railway plant is to be enlarged so that it may, promptly 
and effectively, perform the work which it will be called upon 
to do, and, also to enable it to operate at a cost that its patrons 
can afford to pay. 
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Goss. Railway Age, vol. 82, pp. 1900-1903, June 11, 1927; also 
Railway Mechanical Engineer, vol. 101, pp. 410-413, July, 1927. 

Northern Pacific 4-8-4 Type Locomotives. Railway Age, vol. 82, 
pp. 1239-1242, April 23, 1927; also Railway Mechanical Engineer, 
vol. 101, pp. 260-263, May, 1927. 

1-E 3-Cylinder Superheater Freight Locomotive, Class G12 E (1 
Dreizylinder-Heissdampf- Guterzug-Lokomotive, Gattung G12), E. 
Herms. Fdérdertechnik u. Frachtverkehr, vol. 20, April 29, 1927, pp. 
165-170. Reasons why German State Railway decided upon this 
type of locomotive; performance data. 

Recent European Motive Power Developments, C. B. Page. 
Western Society Engineers’ Journal, vol. 32, pp. 77-91, Mar., 1927; 
Excerpts in Railway Age, vol. 82, pp. 1059-1062, April 2, 1927; Dis- 
cussion. Western Society Engineers’ Journal, vol. 32, pp. 91-94, 
March, 1927. 

Report of American Railway Association Committee on Locomo- 
tive Design and Construction. 1927 Proceedings American Railway 
Association, Mechanical Division. 

Relation of Locomotive Development to the Cost of Operation, 
W. H. Winterrowd. Railway Age, vol. 82, pp. 1877-1878, June 11, 
1927; also Railway Mechanical Engineer, vol. 101, pp. 405-407, July, 
1927. 

Letter to Editor from Acland and Robinson on Still Locomotives. 
Railway Engineer (England), Aug., 1927, p. 289. 

Ten 2-8-8-2 Type Locomotives for the D. & R. G. W. Railway 
Age, vol. 83, p. 434, Sept. 3, 1927. 

Tests of a 2-8-4 Type Locomotive, E. C. Poultney. Engineer, vol. 
143, pp. 620-622, June 10, 1927. 

The Mountain Locomotives of Europe (las locomotoras ‘‘ Montana” 
en Europa), P. Aza and B. Costilla. Ingenieria y Construccion, vol. 
5, pp. 53-59, Feb., 1927. Resistance of locomotives; maximum 
production of steam; maximum potential; critical and maximum 
speed. 

Three Cylinder 0-8-0 Type Switchers. Railway Mechanical Engi- 
neer, Sept., 1927, p. 589. 

Use of High Steam Pressure in Locomotives, E. C. Schmidt and 
J. M. Snodgrass. Mechanical Engineering, vol. 48, pp. 1195-1202, 
Nov., 1926. Abstract in Railway Review, vol. 79, pp. 891-895, Dec. 
18, 1926; Discussion in Railway Mechanical Engineer, vol. 101, pp. 
6-11, Jan., 1927; and Railway Age, vol. 82, pp. 196-200, Jan. 8, 
1927. 


SreamM-TuRBINE, Ratt 


Condensing Steam Locomotives, D. R. Lorenz. FEisenhahwesen, 
Reprinted in Zeit. Vereines deutscher Ingenieure. Krupp. Ljung- 
strom, Zoelly. 

Die Turbinenlokomotive der Firma, J. A. Maffei, K. Imfeld. 
Zeit. Vereines deutscher Ingenieure, vol. 70, pp. 1565-1572, Nov. 20, 
1926. 

La Locomotive Turbine Vapeur Reid-MacLeod de la North 
British Locomotive Co. Génie Civil, vol. 90, pp. 473-476, May 14, 
1927. 

Locomotive a Turbine a Vapeur Type Pacific des Etublissements, 
Maffei de Munich, A Bidault des Chaumes. Génie Civil, vol. 90, 
pp. 113-118, Jan. 29, 1927. 

Locomotive a turbine de la ‘Reichsbahn,’ M. G. J. Milner, 
Bulletin Congres des Chemins de Fer, vol. 9, p. 732, Aug., 1927. 

Neue Turbinenlokomotive, G. Zerkowitz. Stahl und Eisen, vol. 
47, pp. 1013-1014, June 16, 1927. 

Recent European Motive Power Developments, C. B. Page. 
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6 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Western Society Engineers’ Journal, vol. 32, pp. 85-89, Mar., 1927; 
Abstract in Railway Age, vol. 82, pp. 1059-1062, April, 1927. 

Reid-MacLeod Steam Turbine Locomotive. Engineer, vol. 143, 
pp. 118-120, Feb. 4, 1927; discussion, vol. 143, p. 181, Feb. 18, 
1927. 

The Reid-MacLeod Steam Turbine Geared Locomotive. Railway 
& Locomotive Engineering, vol. 11, April, 1927, pp. 95-99. British 
development in application of turbine to locomotive. 

Turbine Locomotive for British Railroad, F. C. Livingstone, 
Scientific American, vol. 136, p. 395, June, 1927. 

Turbine Locomotive for the German State Railways, G. J. Melms. 
Railway Age, vol. 82, pp. 295-299, Jan. 22, 1927; also Railway 
Mechanical Engineer, vol. 101, pp. 78-84, Feb., 1927; abstract 
Mechanical Engineering, vol. 49, p. 370, April, 1927. 

Turbine Locomotive for German State Railways. Bulletin Inter- 
national Railway Congress Association, vol. 9, pp. 532-543, June, 
1927. 


BolLers 

Boiler of the John B. Jervis, a Recent Type of Locomotive Using 
a Steam Pressure of 400 Pounds. Scientific American, vol. 136, p. 
415, June, 1927. 

Canadian Pacific’s Locomotive Boilers with Nickel Steel Sheets. 
Railway Mechanical Engineer, vol. 101, pp. 196-197, April, 1927; 
also Railway Age, vol. 82, pp. 928-929, Mar. 19, 1927; and MEcHANI- 
CAL ENGINEERING, vol. 49, p. 467, May, 1927. 

Improving the Locomotive Boiler by Research, L.H. Fry. Railway 
Age, vol. 82, pp. 1878-1882, June 11, 1927; also Railway Mechanical 
Engineer, vol. 101, p. 407, July, 1927; discussion, Railway Age, vol. 
82, pp. 1882-1883, June 11, 1927, and Railway Mechanical Engineer, 
vol. 101, p. 410, July, 1927. 

Use and Economy of High Pressure Steam, Prof. A. L. Mellanby 
and Wm. Kerr. Proceedings Institute of Mechanical Engineers 
(English), No. 1, 1927, pp. 53-98; discussion, pp. 129-213. 

Use of High Steam Pressure in Locomotives, E. C. Schmidt and 
J. M. Snodgrass. Mechanical Engineering, vol. 48, pp. 1195— 
1202, Nov., 1926; abstract in Railway Review, vol. 79, pp. 891-895, 
Dec. 18, 1926; Railway Mechanical Engineer, vol. 101, pp. 4—6, Jan., 
1927; excerpts, Railway Age, vol. 81, pp. 1222-1224, Dec. 18, 1926; 
discussion, Railway Mechanical Engineer, vol. 101, pp. 6-11, Jan., 
1927; Railway Age, vol. 82, pp. 196-200, Jan. 8, 1927. 


DESIGN 


An Era of Intensive Locomotive Development, C. B. Peck. 
Railway Age, Jan. 1, 1927, p. 49. 

D. & H. Receives a Second High Pressure Locomotive; the John B. 
Jervis. Railway Age, vol. 82, pp. 893-896, Mar. 12, 1927; also 
Railway Michanical Engineer, vol. 101, pp. 207-211, April, 1927. 

Fairlie-Perkins Super-Pressure Locomotive. Engineer, vol. 142, 
p. 580, Nov. 26, 1926. 

Forced Draft Through Closed Ash Pan in Locomotive. Railway 
Age, July 9, 1927, p. 63; Texas & Pacific 2-10-2. 

High Pressure Locomotive for the D. & H. Boiler Maker, vol. 
27, May, 1927, pp. 124-127; ‘‘John B. Jervis,’’ second locomotive for 
this railroad with water tube firebox, carries 400 lb. boiler pressure. 

High Steam Pressures in Locomotive Cylinders; abstract, L. H. 
Fry. Mechanical Engineering, vcl. 49, p. 587, May, 1927; dis- 
cussion, vol. 49, pp. 818-819, July, 1927. 

Hudson Type Locomotive on N. Y.C. Railway Mechanical Engi- 
neer, vol. 101, pp. 138-141, Mar., 1927; also, Railway Age, vol. 
82, pp. 523-526, Feb. 19, 1927. 

Improving the Locomotive Boiler by Research, L. H. Fry. Rail- 
way Age, vol. 82, pp. 1878-1882, June 11, 1927; also, Railway 
Mechanical Engineer, vol. 101, p. 407, July, 1927; discussion, 
Railway Age, vol. 82, pp. 1882-1883, June 11, 1927: Railway Me- 
chanical Engineer, vol. 101, p. 410, July, 1927. 

Neue Theoretische Underwirtschaftliche Ergebnisse aus Versuchen 
mit Dampflokomotiven. Von Reichsbahnoberrat Prof. Nordmann, 
Mitglied des Reichsbahn-Zentralamts. Glasers Annalen, July, 1 
1927, p. 13. 

Next Step in the Development of Locomotive Drafting, W. F. M. 
Goss. Railway Age, vol. 82, pp. 1900-1903, June 11, 1927; also 
Railway Mechanical Engineer, vol. 101, pp. 410-413, July, 1927. 

Northern Pacific 4-8-4 Type Locomotives. Railway Age, vol. 82, 
pp. 1239-1242, April 23, 1927; also Railway Mechanical Engineer, 
vol. 101, pp. 260-263, May, 1927. 

Report of American Railway Association Committee on Locomo- 
tive Design and Construction. . 1927 Proceedings A. R. A., Mechani- 
cal Division. 

Smokebox Prevents Air Leaks. Railway Mechanical Engineer, 
Aug., 1927, p. 533. Bean front end and smokebox of cast steel. 

Use of High Steam Pressure in Locomotives, E. C. Schmidt and 
J. M. Snodgrass. Mechanical Engineering, vol. 48, pp. 1195- 


1202, November, 1926; abstract, Railway Review, vol. 79, pp. 
891-895, Dec. 18, 1926; discussion, Railway Mechanical Engineer, 
vol. 101, pp. 6-11, Jan., 1927; Railway Age, vol. 82, pp. 196-200, 
Jan. 8, 1927. 


INTERNAL-COMBUSTION, 


Diesel Locomotive with Gear Transmission, A. I. Lipetz. ail. 
way Mechanical Engineer, vol. 101, pp. 270-275, May, 1927. 

Diesel Locomotives. Railway Age, vol. 82, May 21, 1927, pp. 
1514-1515. Information regarding European locomotives; | 
locomotives in United States. Abstract of Committee report before 
American Railway Association. 

Internal Combustion, Motive Power, A. I. Lipetz.  Ruilway 
Mechanical Engineer, vol. 101, p. 433, July, 1927. 

Pennsylvania-Bessemer Four-Wheel Diesel Locomotives, |. K. 
Fildes. Railway Age, vol. 82, pp. 1939-1941, June 18, 1927. 

Report of International Railway Fuel Association Committee on 
Diesel Locomotives. Railway Age, vol. 82, pp. 1514-1515, May 21, 
1927; also Railway Mechanical Engineer, vol. 101, pp. 360-362, 
June, 1927. 

Sidoroff Diesel Locomotive. Vestnik of Met. Industry, Jan., Feb. 
1927, pp. 30-35. Design of 2-4-2 eight-cylinder Diesel locomotive 
with pneumatic transmission and novel control of operation; loco- 
motive has not yet been built but is being developed for 1927 compe- 
tition. (In Russian.) 


MISCELLANEOUS 

An Era of Intensive Locomotive Development, C. B. Peck. 
Railway Age, Jan. 1, 1927, p. 49. 

British Locomotives. 1926 Bulletin of International Railway (Con- 
gress Association, vol. 9, pp. 175-186, March, 1927. 

Diesel Locomotives. Railway Age, vol. 82, May 21, 1927, pp 
1514-1515. Information regarding European locomotives; Diese! 
locomotives in United States. Abstract of Committee report before 
American Railway Association. 

Economic Value of Increased Steam Pressure, H. L. Guy.  Elec- 
trical Review, vol. 100, April 29 and May 6, 1927, pp. 697-699 and 
738-741. Results of investigations on effects of steam pressure in- 
crease on operation and plant efficiencies and costs, with considera- 
tions on selection of particular pressures. Abstract of paper read 
before North Western Branch of Institute of Mechanical Envineers 

Forced Draft Through Closed Ash Pan in Locomotive. /ailway 
Age, July 9, 1927, p. 63. Texas & Pacific 2-10-2. 

High Pressure Steam Locomotives, James M. Taggart.  /’a:/way 
Mechanical Engineer, Sept., 1927, pp. 582. 


High Pressure Steam Locomotive. Engineering, vol. 125, pp 
171-172, Feb., 1927. 
Locomotive No. 60,000 Test Results, L. H. Fry. Railway Age, 


vol. 82, pp. 975-977, March 26, 1927. 

Locomotive Orders in 1926, F. W. Kraeger. Railway 
1927, p. 94. 

Locomotive Performance on the Buenos Ayres Great Southern 
Railway. Railway Gazette, vol. 46, May 13, 1927, pp. 619-621. Re- 
markable achievements of new British-built 3 cylinder Pacific type 
engines. 

Locomotive Steam Desaturation—Railway Fuel Association Re- 
ports. Railway Age, May 21, 1927. 

New Locomotive Economy Devices. Railway & Locomotiwe 
Engineering, vol. 40, May, 1927, pp. 142-149. Steam consumption 
test; locomotive steam desaturators; controlled draft in locomotives; 
mechanical cut-off control. Paper read before International Rail- 
way Fuel Association. 

New Type Smokebox Regulator for Superheater Locomotives. 
Railway Engineer, vol. 48, June, 1927, pp. 239-240. Arrangement 
giving ready accessibility with low maintenance cost. 

Performance Figures on Great Northern Oil-Electric Locomouve. 
Electric Railway Journal, vol. 69, p. 1145, June 25, 1927. 

Recent European Motive Power Developments, ©. 13. Page. 
Western Society Engineers’ Journal, vol. 32, pp. 77 to 91, March, 
1927; excerpts; Railway Age, vol. 82, pp. 1059-1062, April 2, 1927; 
discussion; Western Society Engineers’ Journal, vol. 32, pp. 91-4, 
March, 1927. 

Railway Engineer (England), August, 1927, p. 313. Cylinder 
Losses in Compound Locomotives. : 

Relation of Locomotive Development to the Cost of Operation, 
W. H. Winterrowd. Railway Age, vol. 82, pp. 1877-1888, June Il, 
1927; also Railway Mechanical Engineer, vol. 101, pp. 405-40, 
July, 1927. 

Review of Railway Operations, J. H. Parmelee. 

Smokebox Prevents Air Leaks. Railway Mechanical Engmett 
August, 1927, p. 533. Bean front end and smokebox of cast steel. 

Tests of a 2-84 Type Locomotive, E. C. Poultney. Lnoine 
vol. 143, pp. 620-622, June 10, 1927. 
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Tests with a Boiler Feedwater Preheating Pump of Dabeg Type 
(Versuche mit einer Kesselspeisewasser-Vorwarmpumpe, Bauart 
“Dabeg”), J. Rihosek. Organ fir die Fortschritte des Eisenbahn- 
wesens, vol. 82, April 15, 1927, pp. 121-125. 

Tractive Effort of Internal Combustion Locomotives. Railway 
Engineer, vol. 48, May, 1927, pp. 182-183. Question as to 
whether of two stroke or four stroke cycle, and also whether of 
single or double acting type, is important, since it determines num- 
ber of power impulses per revolution and also value of mean effective 
pressure. 

Use and Economy of High Pressure Steam, Prof. A. L. Mellanby 
and William Kerr. Proceedings of Institute of Mechanical Engineers 
(English), no. 1, 1927, pp. 53-98; discussion p. 129-213. 

Use of High Steam Pressure in Locomotives, E. C. Schmidt and 
J. M. Snodgrass. Mechanical Engineering, vol. 48, pp. 1195-1202, 
Nov., 1926; abstract, Railway Review, vol. 79, pp. 891-895, Dec. 
IS, 1926; discussion, Railway Mechanical Engineer, vol. 101, pp. 
6-11, Jan., 1927; Railway Age, vol. 82, pp. 196-200, Jan. 8, 1927. 

Warmeaustauschverluste in Lokomotivzylindern, F. Loewenberg. 
Zeit. Ver. deutscher Ingeniere, vol. 71, pp. 15-19, Jan. 1, 1927; ab- 
stract (heat-exchange losses in locomotive cylinders), Mechanical 
Engineering, vol. 49, pp. 369-370, April, 1927. 

Motor Cars 
PassenGger, INTERNAL-COMBUSTION 

Diese! Cars Reduce Operating Costs on C.N.R. Railway Age, 
vol. 82, June 4, 1927, pp. 1739-1742. After year's service road is 
building five additional units of modified design. 

Gas-Electric Cars on the D. T. & I. Railway Mechanical Engineer, 
vol. 101, pp. 146-148, March, 1927; Railway Age, vol. 82, 563-564, 
Feb. 26, 1927. 

Gasolene Rail Car for Frisco. Railway Mechanical Engineer, vol. 
101, p. 268, May, 1927. 

Lehigh Valley Installs High Power Motor Cars. Railway Age, 
vol. 82, pp. 353-357, Jan. 29, 1927; Railway Mechanical Engineer, 
vol. 101, pp. 89-92, Feb., 1927. 

Rock Island Places Five Electro Gas Cars in Service. Electric 
Railway Journal, vol. 69, p. 935, May 21, 1927. 

INTERNAL-COMBUSTION 

Country-Wide Use of Gasoline-Electric Buses. Bus Transporta- 
tion, vol. 6, p. 74, February, 1927. 

Elektrisch Betriebene Benzin-monibusse in Amerika, L. Adler. 
Elektrotech. Zeit., vol. 47, pp. 1417-1418, Dee. 2, 1926. 

Fifty Gas Electric Coaches Being Delivered to Detroit Railway. 
Electric Railway Journal, vol. 69, p. 188, Jan. 22, 1927. 

First Westinghouse Electric Drive Delivered at Newark. Bus 
Transportation, vol. 6, p. 403, July, 1927. ; 

Gasoline Electric as a Transportation Unit. Bus Transportation, 
vol. 6, pp. 251-253, May, 1927. 

Gasoline Electric Transmission, C. Froesch. Society of Automo- 
tive Engineers’ Journal, vol. 20, pp. 415-416, March, 1927. 

Mack Gas-Electric Bus with One Driving Motor. Railway Age, 
vol. 82, pp. 631-632, Feb. 26, 1927. 

Motor Vehicles at the Paris Fair, W. T. Bradley. Motor Trans- 
portation, vol. 44, pp. 613-614, May 23, 1927. 

Progress in Germany, W. T. Bradley. Motor Transportation, vol. 
44, pp. 693-694, May 30, 1927. 

Some Developments in the Electrical Industry During 1926, J. 
Liston. General Electric Review, vol. 30, p. 18, Jan., 1927. 

Preigut, Non-Ram, INTERNAL-CoMBUSTION 

Brill 500 Hp. Gas-Electric Rail Car Handles 300 Ton Load. 
Automotive Industries, vol. 56, pp. 473-474, March 26, 1927. 

Report of International Railway Fuel Association Committee on 
Diesel Locomotives. Railway Age, vol. 82, pp. 1514-1515, May 21, 
meh also Railway Mechanical Engineer, vol. 101, pp. 360-362, June, 
Passencer, Non-Rai, STEAM 

Bus Operated by Rotobaker Steam Power. Railway Age, vol. 81, 
pp. 1086-1088, Nov. 27, 1926. 

Fifth Avenue Coach Company Tests Use of Steam. Automotive 
Industries, vol. 61, p. 458. 

Steam Propelled Bus, W. McClellan. Bus Transportation, vol. 6, 
PP. 236-237, April, 1927. : 
Page National Railway Experience with Motor Rail Cars. 

‘way Age, July 2, 1927, p. 16. 
Costs Comparisons of Gasoline Electric Bus Operation in U. 8. 
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and Europe, W. H. Botsford, Brussels, Belgium. Bus Transporta- 
tion, vol. 6, p. 331, June, 1927. 

Diesel Car Reduces Operating Costs on Canadian National Rail- 
way. Railway Age, vol. 82, pp. 1739-1742, June 4, 1927. 

Diesel Traction for Railroads, W. Arthur. Mechanical Engineering, 
vol. 49, pp. 581-586, May, 1927; discussion, vol. 49, pp. 819-820, 
July, 1927. 

General Survey Reveals Steady and Continuous Expansion (Bus), 
R. F. Dietz. Bus Transportation, vol. 6, p. 63, Feb., 1927. 

Graphic Review of Bus Chain Developments Since 1922, E. F. 
Theisinger. Bus Transportation, vol. 6, p. 66, Feb., 1927. 

Orders for Highway Vehicles, James G. Lyne. Railway Age, Jan. 
1, 1927, p. 117. 

Orders for Rail Motor Equipment, C. B. Peck. Railway Age, 
Jan. 1, 1927, p. 119. 

Railway Adopting Motor Transportation, J.C. Emery. Railway 
Age, Jan. 1, 1927, p. 59. 

Railway Motor Cars. List of References supplementing list dated 
September, 1925. Bureau of Railway Economies, Library, Wash- 
ington, D. C. 

GENERAL 

A Review of Railway Operations in 1926. Railway Age, Jan. 1, 
1927, p. 30. 

Anti-Friction Bearing for Heavy Duty on Railway Rolling Stock, 
Railway & Locomotive Engineering, Feb., 1927. 

Canadian & Northwestern Roller Bearing Suburban Coaches on 
Exhibition. Railway Age, vol. 83, p. 449, Sept. 3, 1927. 

Committee IV—Direct Current Automatic Block Signaling. 
American Railway Association, vol. 24, April, 1927, pp. 646-658. 
D. C. vibrator crossing bell; minimizing effect of lightning and 
foreign current on d.c. track circuits; prevention of sweating of 
relays. 

Economic Value of Increased Steam Pressure, H. L. Guy. Pro- 
ceedings of Institute of Mechanical Engineers (England), no. 1, 1927, 
pp. 99-128; Electrical Review, vol. 100, pp. 2579-2580, April 29, 
May 6, 1927. 

Economies in Long Locomotive Runs, T. H. Williams. Railway 
Age, vol. 82, pp. 1442-1443, May 14, 1927; also Railway Mechanical 
Engineer, vol. 101, pp. 358-359, June, 1927. 

Fifty Ton Automobile Cars for M.K.&T.R.R. Railway Mechani- 
cal Engineer, vol. 101, p. 547. 

First 100 Years of the B.&O.R.R. Railway Age, Mar. 5, 1927, p. 
655. 

Freight Car Orders in 1926, F. W. Kraeger. Railway Age, Jan. 
1, 1927, p. 101. 

Journal Friction in Relation to Train Operation. Railway Age, 
April 23, 1927. 

Lackawanna Installing 70 Ton Three-Hopper Steel Car. Railway 
Age, Jan. 1, 1927. 

L. A. & 8S. L. Heavy Repairs Centralized at Los Angeles. Railway 
Mechanical Engineer, vol. 101, June, 1927, pp. 323-329. Union 
Pacific shops in Southern California notable for equipmént, orderli- 
ness, good workmanship and high employee morale. 

Large Milwaukee Automobile Car. Railway Mechanical Engineer, 
vol. 101, p. 287, May, 1927. 

M.K.&T. Automobile Cars with 12 Ft. Steel Doors. Railway 
Age, vol. 83, pp. 6-8, July 2, 1927. 

Passenger Car Orders in 1927, F. W. Kraeger. Railway Age, Jan. 
1, 1927, p. 109. 

Railroad Facts, No. 5. A Year Book of Railroad Information, 
Western Railways’ Committee on Public Relations, Chicago, June, 
1927. 

Repairing Steel Cars on the Lehigh Valley. Railway Mechanical 
Engineer, vol. 101, May, 1927, pp. 280-285. Location of shops on 
system facilitates handling repairs to suit traffic requirements. 

Steam or Electric Locomotives. Canadian Engineer, vol. 52, 
p. 628, June 28, 1927. 

The Caprotti Poppet Valve Gear. Railway Mechanical Engineer, 
vol. 101, p. 142, March, 1927. 

The Treatment of Rail Corrugations. Tramway and Railway 
World, vol. 61, April 14, 1927, p. 199. Essanee rail grinder was de- 
signed by practical tramway engineer to meet requirements of his 
own system. 

Time Saving Devices in a Texas R.R. Shop, F. W. Curtis. Ameri- 
can Machinist, vol. 66, June 9, 1927, pp. 977-979. Machining cross- 
head guides, gage for centering tires cutting teeth in quadrants; 
planing fixture for shoes and wedges; shearing attachment for spring 
bander. 

Two-Way Side Hinged Dump Car. Railway Mechanical Engi- 
neer, vol. 101, p. 602, Sept., 1927. 
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The Mechanical Engineer in the Railroad and 3 
Railroad-Supply Industries 


T IS THE belief of the Railroad Division’s Sub-Committee 
on Professional Service that the opportunities afforded 
the mechanical engineer in the railroad and railroad-supply 

industries are equal to those afforded in any industry. This 
belief is based on several facts which are later discussed in this 
report, probably the most significant of which is that competition 
with other college-trained men is not as great as is the case in 
many other industries. - A study of the careers of 150 railway 
officers holding positions from president down to master me- 
chanic, shows that only 43.7 per cent are college graduates. The 
railroad-supply industry, however, presents a slightly different 
ratio, 63.6 per cent being college graduates out of a total of 113 
railway-supply-company officers ranging from president down 
to sales representative. In both cases the officers were selected 
at random with the primary object of obtaining as accurate a 
picture as possible of the competition to be expected by the 
mechanical engineer in both industries. 

These figures are also significant of one other important 
factor pertaining to the success of the individual in railroad 
and railroad-supply work. Knowledge of railroading, individual 
adaptability, practical experience, and a willingness to work 
appear to have considerably more value in the mind of the 
average executive than college education. 

It is not the general practice of the railroads to extend pref- 
erential consideration to college graduates. It is expected 
that the college graduate will start on an equal footing with the 
non-college man and show his worth in actual service. In 
other words, the college man is worth comparatively little to 
a railroad company until he has had considerable practical 
training and experience. This, in the main, is also true of most 
industries employing technical graduates. 

This situation is well described by Robert E. Woodruff in 
the foreword of his book “The Making of a Railroad Officer.’”! 


To most men, railroad history and stories are fascinating because 
they are filled with action and achievement. Lives of railroad men 
are romantic, treating as they do of the hardships of their rough 
outdoor life. Railroad men are as a whole active, resourceful, 
enthusiastic. They play the game because they love it. Thousands 
enter the service each year. Some cannot stand the pace and seek 
easier jobs in other lines. All begin at the bottom in some capacity 
or other—there is no royal road to the top. 

Some advance, some slowly, but surely—others stagnate and are 
sidetracked. When questioned, most men are ambitious for achieve- 
ment, though many are ignorant of how to accomplish it or of where 
to get the necessary knowledge. Some do not realize they must 
fit themselves for larger responsibilities before they can be seriously 
considered for promotion. 


Incidentally, Mr. Woodruff starts his future railroad officer as 
4 section laborer. 


How to Usk THE INFORMATION CONTAINED IN REPORT 


Much of the information contained in this report was obtained 
by studying and analyzing the careers of railroad and railroad- 
supply officers, published in the railway trade press. This 
Was also supplemented by writing direct to the various companies 
for additional information. The Sub-Committee on Professional 
Gene tt, Making of a Railroad Officer,” by Robert E. Woodruff, 


me an Manager, Eastern District, Erie R.R. Published by the Sim- 
ns-Boardman Publishing Company, New York. 
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Service has assumed from the beginning of its work on this 
project that what the young mechanical engineer wants and 
should have are facts, not advice. He ought to have a fairly 
accurate picture of the industry he expects to work in before 
he enters it. Such a picture is not difficult to obtain if one 
takes the time to assemble and study the facts. A study of the 
careers of railroad and railroad-supply officers has been made 
in preparing this report, and it will reveal many essential facts. 
Additional information can also be obtained from those who are 
now engaged in railroad and railroad-supply work. 

Facts obtained from the last source mentioned should, how- 
ever, be given careful consideration. To have won success in 
one’s chosen profession does not always qualify one to fill the a 
role of adviser in the selection of another’s life work. He may, 
in fact, be disqualified by that very circumstance. On the 
other hand, a man who has spent the best years of his life near 
the bottom of the ladder is likely to paint a pessimistic picture 
of the opportunities to be found in railroad work. Still, a j 
good business man makes his banker his friend and counselor. 

Likewise, the young railroad man should make it his business 
to cultivate friends and advisers among the older railway officers.” 

Study of the facts and information contained in this report 
should be supplemented by consultation with railroad and 
railway-supply-company officers, and with members of the 
mechanical-engineering faculty of the institution the student 
is attending. The burden, however, of making the final decision 
should rest with the young mechanical engineer himself. 

It must also be appreciated that opportunity in a certain in- 
dustry is very closely allied to the progress that is being made ee acd 
in the way of developments within the field itself. The young + % 
mechanical engineer should study the report of the Sub-Com- “ 
mittee on Professional Service in conjunction with the report of - 
progress in the industry which is presented by the Railroad ae 
Division each year at the Annual Meeting of the Society. Also, 
the Railway Age publishes a special issue, the first number of 
the year, knownasthe Annual Statistical Number, which contains 
a comprehensive review of developments and accomplishments 
in the industry during the preceding year. 


Question or One’s Own ABILITY 


It is essential that the young mechanical engineer know his 
own characteristics and ability. In finding these out, he can 
obtain considerable assistance from his friends and faculty ad- 
visers. The graduate from an engineering school who antic- 
ipates a railroad career should carefully consider two questions, 
namely, “Do I want to use my engineering education as a basis 
for a purely engineering career, or do I want to use it, together 
with a supplementary business education, as a means of eventu- 
ally reaching an executive position?’’® 

The man who would follow the first course and who is inter- 
ested in engineering work for the work itself, or in new design 
and construction, is sure to suffer somewhat of a disappointment 
in railroad service. Unfortunately, relatively little of the work 


2 See ‘‘What Opportunities Are Afforded the Technical Graduate 
in Railroad Work,’’ by Marion B. Richardson, beginning on page 
13 of the March, 1926, issue of The Penn State Engineer. 

3 See the Railway Age, June 12, 1926. 
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performed by the average railroad mechanical-engineering office 
is of a nature that will keep a talented designing engineer con- 
tinuously occupied with new and interesting problems. The 
development of the railroad-supply industry has had an im- 
portant effect in placing the larger part of the design work in 
the mechanical-engineering department of the manufacturer. 
In all probability the man following the first course will find 
greater opportunity in the supply industry. 

lt the college man entering railroad service is the type who 
wishes to use his engineering education as a means of possibly 
reaching an executive position, either in or above the engineering 
department, then there is one thing that cannot be overlooked 
as he advances he gradually becomes more of a business man 
and less of an engineer. If he has failed to educate himself in 
the principles of business, the chances for becoming an executive 
are not great. The railroad executive whose duties may demand 
an engineering knowledge are such that a relatively small portion 
of the things which he must know involve a detailed knowledge 
of engineering principles as compared with the principles of 
business administration. 

The mechanical department of a railroad is but a part of an 
immense business organization which, like any other business, 
is operated to make money. Unfortunately, the mechanical 
department is in a position principally to spend money and save 
money; as a consequence, the labors of the members of that 
department are often looked upon as “non-productive.”’ If 
a college man intends to enter railroad service and be satisfied 
with what he can learn in any one office or department, he will 
make no greater progress on the railroad than if he pursued the 
same tactics in any other industrial organization. The big 
thing is to know enough about the job ahead to be able to step 
intoit when the opportunity offers, and this calls for self-education 
in the principles of business. 

Unfortunately, a railroad cannot be run on paper. 
may be carefully planned beforehand, but conditions over which 
no one has any control may make it necessary to alter these 
plans at the last moment. Therefore, any college man in rail- 
road service who fails to get as much as possible of the practical 
side of railroading is doomed to make little progress in rail- 
road work. Any man who has spent four years in college 
learning how to think for himself certainly should not be at a 
loss for ways and means to get all he wants on a railroad. 

The Railroad Division’s Sub-Committee on Professional 
Service does not believe that to confer a distinctive title upon 
a college man in railroad service would materially better his 
situation. In fact, some consider such titles a considerable 
handicap. ‘Titles can be created with the flourish of a pen 
and wiped out with a bad breakfast.’ Some of the real jobs 
on any railroad are those which carry unimposing titles, and, on 
the other hand, some jobs with magnificent titles leave much 
to be desired on pay day. Every man who has had practical 
railroad experience realizes that it is desirable to emphasize 
his education as little as possible. What the young mechanical 
engineer should do, in railroad work or elsewhere, is to lose his 
identity as a college man as quickly as possible. 


Operations 


Two Reasons Wuy ADVANCEMENT Is Apt To BE SLow 


There are two principal reasons why advancement in railroad 
work may be slow. First, because the business as a whole is 
so complicated and departmentalized that it takes years of 
actual work to become acquainted, even in a general way, with 
many phases of it. This is in contrast with any line of business 
that consists mostly of one or two operations, such as buying 
and selling, or the manufacture and sale of a limited variety of 
articles, the whole plant being in one place. In any such line, 
one with reasonable aptitude and liking for the work can much 


more quickly master its details and be in position to advance 
more rapidly than would be likely in a more complicated and 
departmentalized business. 

The second reason is that the railroads have long since come 
to a stage of routine as contrasted with immediate and rapid 
growth. They are organized to handle their business from day 
to day, but are not expanding in any such manner as to call for 
a steady and large supply of trained men to fill newly created 
responsible positions. A man who may be very capable is apt 
to find himself in a situation similar to a bucket in a bucket 
brigade: that is, he passes along just as fast as those who happen 
to be ahead of him travel. This is an unavoidable condition 
in any organization that has attained its growth. 

The second reason, however, is subject to a number of modi- 
fications. The railroad industry has been going through a 
number of important developments in recent years with respect 
to its employees that cannot help but effect an improvement 
in the status of the mechanical-engineering graduate. Many 
railroad companies are utilizing the facilities afforded by various 
state university-extension departments, vocational educational 
bureaus, correspondence schools, and other educational organi- 
zations for the training of foremen and supervisors. The re- 
quirements for the enrolment of regular apprentices are  be- 
coming more strict. Some railroads are now requiring a high- 
school education or the equivalent before a man can enroll as 
a regular apprentice. Many of the larger railroads are sponsor- 
ing such activities as the American Railway Boys’ Clubs, the 
educational features of the Railroad Y.M.C.A., Younger 
Railroad Men’s Conferences, etc.,inaneffort toraise the standards 
of supervision. Of course, this means more competition for the 
college graduate. But it also means more adequate appreciatior 
and utilization of college training by the railroad executives.’ 


CoMPARISON OF THE RaILROAD WITH OTHER INDUSTRIES 


There are approximately 1000 railroads in the United States 
and Canada, about 176 of which are Class I railroads (railroads 
having an operating income above $1,000,000). The Class | 
railroads operate approximately 90 per cent of the total railway 
mileage in the United States and earn about 96 per cent of the 
total revenues. According to the November, 1927, Monthly 
Labor Review, published by the U.S. Bureau of Labor Statistics, 
there were employed on these roads in August, 1927, a total 
of 1,796,194 men and women. A comparison of this figure with 
the number employed by other industries during the same period 
is given in Table 1. The second largest industry, according te 
TABLE 1 COMPARISON OF EMPLOYMENT IN_ 13 GENERAL 

GROUPS OF INDUSTRIES DURING AUGUST, 1927 
Number of Average 


establish- number ol 
ments wage earners 
Railroads..... 
Class I* 1,796,194 
Iron and steel and their products. . ‘ 1806 645 701 
Textiles and their products 1885 602 623 
ehicles for land transportation 1194 479,826 
Car building and repairing, steam railroads... 559 138,381 
Miscellaneous industries... ... 413 91,850 
Food and kindred products 1656 223 457 
Lumber and its products. . 1156 219 609 
Paper and printing. . 910 172,369 
Leather and its products. . 360 128,564 
Stone, clay, and glass products 638 109 han 
Chemicals and allied products............... 362 85,04 
Metal and metal age other than iron and ae 
steel.... 228 1,590 
Tobacco products. 173 39,670 
* Includes 172 Class I railroads, 15 switching and terminal! roads of th 
class and 24 small roads included in system reports. 
oxtile 


the number employed, is the iron and steel industry, the 
industry being third. 
4 Personnel Management on the Railroads, A Study by the 


Metropolitan Life Insurance Company. Published by the Simmo"* 
Boardman Publishing Company, New York. 
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Figures showing the proportion of technical graduates— 
for our purposes, mechanical engineers—to the total number 
employed would be of value in this table. The Sub-Committee 
has not, however, found any source from which such information 
could be obtained. A general idea of the number of super- 
visory positions in which mechanical-engineering training would 
be of service is shown in Table 2. Care should be shown, how- 
ever, in the use of the total figure, due to the fact that many of 
the executive and staff officers fill positions requiring legal, 
medical, or business training. Furthermore, this total does 
not include special apprentices. The division officers and assist- 
ants include men in all departments. The larger proportion 
of the architectural and engineering assistants are in all prob- 
ability men of civil- or mechanical-engineering training. Special 
apprentices are usually made inspectors upon completion of 
their course. 


TABLE 2 NUMBER OF EMPLOYEES HOLDING POSITIONS 
WHERE MECHANICAL ENGINEERING TRAINING WOULD BE 


OF SERVICE, AUGUST, 1927, ON CLASS I RAILROADS IN THE 
UNITED STATES* 

Executive, general officers and assistants...... 7,551 
Division ofheers, assistants and staff assistants. . 9,503 
Architectural, chemical and engineering assistants 7.685 
Sub-professional engineering and laboratory assistants 4,232 
General foremen, M. of E ° ° 1,440 
Assistant general foremen and department foremen, M. of E 11,129 
Equipment, shop and electrical inspectors 1,585 
Material and supplies inspectors 1,913 
Gang foremen and gang leaders, M. of E 11,036 

56 074 


von We tatistics report, Interstate Commerce Commission, for August, 
927 

A comparison of the total number employed with the total 
number of officers shows quite clearly that the principal job 
of the majority of mechanical-department officers pertains more 
to handling and leading men than to strictly mechanical-engi- 
neering work. To illustrate, the superintendent of the car 
department of one of the smaller Class I railroads in the East 
has an average of 1200 men under his jurisdiction working at 
different points on the system. As a further illustration, there 
are employed by the railroads in the maintenance of equipment 
about 484,000 men. As a comparison, there are about 1400 
general foremen and 11,000 assistant general foremen and de- 
partment foremen employed by the Class I railroads in the 
mechanical department. The general foremen are therefore 
captains of an immense army. Their work may be roughly 
divided into two parts: first, that of contributing to improve- 
ments in shops, shop methods, and shop machinery, and secondly, 
that of supervising and training employees and improving their 
morale. 

This, in brief, is a summary of the experience and training 
the college graduate must have to fill higher positions. Finally, 
the young mechanical engineer must know and appreciate the 
fact that the railroad industry is subject to regulation by the 
Government. Asa rule, government agencies are slow to move 
and are likely to hinder the development of an industry unless 
they are able to keep in step with the times. The rules and 
regulations laid down by the Interstate Commerce Commission 
affect the work of all departments of a railroad, and it is necessary 
that the railroad officer know just how these regulations relate 
to the work of his department. The railway-supply-company 
officer must also be sufficiently familiar with the rules and regu- 
lations of the Interstate Commerce Commission to meet its 
requirements in the materials that his company manufactures. 
Government regulation, however, has its good features as well 


and i, he Interstate Commerce Commission, Its History, Activities, 

rganization,” by Joshua Bernhardt. The Johns Hopkins Press, 
Baltimore, Md. 


‘The Regulation of the Railways,’’ by Samuel O. Dunn. Published 
by D. Apple 


ton and Company, New York. 
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as its bad, and fortunately the policy of the various bureaus of 
the Interstate Commerce Commission is one of helpfulness 
rather than hindrance. In addition, the American Railway 
Association, of which practically all the railroads are members, 
makes certain rules and sets up standards with which the me- 
chanical-department. officers of the railroad and the railway- 
supply-company officers, must be familiar. Summarizing, train- 
ing in the utilization of statistics and reports is a necessary 
qualification to the mechanical engineer in both the railroad 
and railroad-supply industries.’ 


THe ORGANIZATION 


In order to understand the part that the mechanical de- 
partment plays in a railway organization, a brief outline should 
be given. The organization of a railway company divides itself 
naturally into several main departments which have clear lines 
of demarcation. These departments are the legal, the traffic, 
the treasury, the accounting and auditing, the operating, and 
the maintenance. 

Men of mechanical-engineering education are in demand for 
service in the maintenance and operating departments. The 
importance of mechanical-engineering training with respect to 
the work performed is greatest in the maintenance-of-equipment 
department. The work of the traffic department can be com- 
pared to that of the sales department of a manufacturing concern, 
and in fact it actually does sell the services of the railroad to 
the shipper and traveler. 

The operating department mans and moves the trains, operates 
the yards, and mans the stations. It is generally considered 
to be the most important department. Excluding those who 
started their railroad career in the executive department as 
secretary to an executive officer or as chief clerk, it is the operat- 
ing department that supplies the president on most railroads. 
This fact was evident when collecting the data for Table 3. 
The figures shown in the left-hand column will not total 79, 
due to the fact that the majority worked in several departments 
before becoming president. In other words, 63 of the 79 worked 
in the executive, financial, or legal department, four in the 
accounting, etc. 

The good operating man seldom finds it desirable to leave 
railway service to work in any other industry. When he does, 
it is to take a position where the executive qualities of leadership 
bring him greater reward. 

TABLE 3 CAREERS OF THE PRESIDENTS OF 79 CLASS I 

RAILROADS 


High College College 
Common school gradu- graduates, 


Total school or equiv. ate per cent 
Education ‘ 79 33 12 34 43 
Department in which trained 
Executive, financial, legal 63 29 6 28 44.4 
Accounting. ‘ 4 3 1 0 0 
Traffic and claims... 13 Ss 4 1 7.7 
Operating and telegraph.... 2 22 9 ll 26 
Purchasing. . alte eas 5 2 2 1 20 
Mechanical.......... 3 2 0 1 33 
Engineering, bridges, and 
signals... .. 25 9 2 14 


As shown in Table 3, the engineering or maintenance-of-way 
department is another that has always seemed to have received 
proper recognition. Many railroad division engineers or chief 
engineers have succeeded in stepping over into the operating 
department and thus proceeded on their way to the top. The 
list of railway presidents who started in railway service as 
rodmen or transitmen is quite a long one. This information is 
of interest to the mechanical engineer, whose technical education 
is similar in many respects to that of the civil engineer. 


7“Economics of Railway Operation,’’ by M. L. Byers, Chairman, 
Valuation Committee, Seaboard Air Line. Published by McGraw- 
Hill Book Company, New York. 
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THE MecHANICAL DEPARTMENT 


Generally speaking, the mechanical department is usually 
subordinated to the transportation department. It seems to 
lack a class consciousness and in this respect is quite different 
from the engineering department. The mechanical department 
is in charge of the design of cars and locomotives, and of their 
maintenance in good order. No less than 25 per cent of all 
railway operating expenses and from one-half to two-thirds of 
the expenditures for capital improvements come under the 
jurisdiction of this department. This shows that the job of the 
mechanical-department officer is one of importance and great 
responsibilities and requires a man capable of exercising mature 
judgment. 

This statement is undoubtedly emphasized by the figures 
given in Table 4, which shows the years required for mechanical 
engineers to reach certain positions in the mechanical department 
of a railroad. One mechanical engineer worked for 49 years 
before becoming head of the mechanical department of his road. 
Another worked for 10 years. The average time required for 
all those of whom the Sub-Committee obtained complete data 
was 22.8 years. 

TABLE 4 YEARS REQUIRED FOR MECHANICAL ENGINEERS 
TO REACH CERTAIN POSITIONS IN THE MECHANICAL DE 
PARTMENT OF A RAILROAD 

Longest Shortest 


time time Average 

General supt. of motive power or head of me- 

chanical department.... 9 10 22.8 
Assistant or division supt. of motive power . 36 7 18.8 
Mechanical engineer. 33 4 18.2 
Assistant mechanical engineer 11 4 s 
Engineer of tests... 19 5 9.75 
Engineer of motive power 24 7 1s 


Table 5, which shows the number of years that have been 
required for mechanical engineers to reach certain railroad 
executive positions, cannot be considered as indicative of the 
actual opportunities afforded members of the profession in 
reaching the positions mentioned. Changing conditions in 
the railroad industry will, in all probability, see more mechanical 
engineers as railroad presidents. This is perhaps illustrated 
by the fact that there are now six vice-presidents who have come 
up from the mechanical department. The office of chief pur- 
chasing officer is also included in this table on account of the 
fact that some railroad managements consider technical training 
to be a necessary requirement for the duties of this position. 
At the present time three mechanical engineers are serving as 
chief purchasing officers 
TABLE 5 YEARS REQUIRED FOR MECHANICAL ENGINEERS 


TO REACH CERTAIN RAILROAD EXECUTIVE POSITIONS VIA 
THE MECHANICAL DEPARTMENT 


Number of Longest Shortest 


officers time time Average 
President......... 1 38 38 
Vice-president......... : 6 40 11 30.3 
Chief purchasing officers ~ a 35 26 32.1 


INTERESTS OF RAILROADS AND THE RAILROAD-SupPPLY INDUSTRY 
CLOSELY INTERWOVEN 


The interests of the railroads and the railroad-supply industry 
are so intimately interwoven that it is impossible to separate 
them. The railroads are interested in furnishing that standard 
of transportation which will best meet the public requirements. 
They are specialists in transportation, and that in itself is no 
mean task. They are large purchasers of material and supplies, 
which is indicated by the fact that for several years—since 
and including 1920—the Class I railroads have expended in 
excess of a billion dollars a year, chargeable to the operating 
account for materials and supplies, exclusive of fuel for loco- 
motives. 

The railway-supply manufacturers, specializing on the de- 


velopment, production, and sale of equipment and supplies 
and enjoying plenty of competition, have made a remarkable 
contribution to the railroads and the public served by them, 
The supply manufacturer must keep in intimate contact with 
the railway operating problems and practices. He frequently 
goes to the railroads for men for important places in his organi- 
zation, and relieves the railroad organizations of procductioy 
details which they are not in a position to handle. 


Facts RELATIVE TO THE RaAILROAD-SupPLY 


Over 40 per cent of the executive and technical officers and 
sales staffs of railway-supply concerns, promoted since December. 
1919, have either started or worked some time in their careers 
for a railroad. Approximately 500 manufacturing companies 
engaged in selling supplies to the railroads, wholly or in part 
are listed in the Pocket List of Railroad Officials. ‘Table ¢ 
shows the number of companies engaged in manufacturing and 
selling certain classes of material, the railroad department re- 
sponsible for selecting each class of material and its utilization, 
and the department from which men are usually recruited by 
the supply companies. These supply companies employ ap- 
proximately 7000 men as executives and sales engineers, « large 
proportion of whom the Sub-Committee has good reason to 
believe are men of technical education. There are also about 
40 private-car companies which own and operate over 100 cars 
which should also have need for a limited number of mechanical 
engineers. Five trade magazines published to serve the interests 
of the railroad industry employ a limited number of mechanical 
engineers on their editorial and business staffs. These publica- 
tions, however, employ only mechanical engineers who have 
had considerable railroad experience. 


TABLE ASSIFICATION OF APPROXIMATELY 500 RAILWA) 
'PPLY COMPANIES ACCORDING TO PRODUC 


Railway depart- 
Railway ment from whic 
Number of department men are usually 


Material sold to railroads companies concerned recruited 
Air-brake equipment and supplies. 11 { Operating Operating 
Traffic Mechanical 
Car builders 4 Mechanical 
. { Mechanical Mechanical 
Car equipment and appliances 14 { Operating 
: o- § Mechanical Electrical 
Electric-railway equipment....... Electrical 
Electric-shop equipment 16 ) Electrical 
Engineering construction... . 49 Engineering Engineering 
: { Mechanical Mechanica 
Forgings for railway ust >) Engineering Engineering 
\ Operating 
Locomotive builders. . < Mechanical Mechanica 
( Engineering 
i i Mecha Mechanica 
Locomotive appliances....... 26 { Mechanical 
Operating 
for railway use... . 3 Mechanical Mechanics 
Machine and small tool manu- 
Shop equipment........ &2 Mechanical Mechanical 
Miscellaneous......... 28 All depts. All depts. 
. Electrical I trica 
er-plant equipment. Mechanical Mechanical 
Rails and track supplies. ns ; 89 Engineering Engineering 
Railway castings... . J 29 Mechanical Mechanical 
\ Signal Signal 
Signal equipment and supplies... . 42 Electrical Electrical 
/ Engineering Engineering 
ineineeriny 
Water supply and treating. ...... 2 § Engineering 
Dealers s ailway s 7 4§ Engineering 
alers in used railway supplies \fechanical 
Rail motor car builders OF 
or car bull t Mechanical fechanical 


How THE CoLLeGeE Man Can Promorion 


If the mechanical engineer starts at the bottom of the ladder 
on graduation from college, he can expect to follow one of ft 
general routes for both the railroad and railroad-supply industn 
inclusive. Referring to Fig. 1, these general routes are letter 
consecutively from A to F. "These routes were charted from 
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replies to question (A)§ in the questionnaires sent to a selected 
list of railroad and railway-supply companies, and from an 
analysis of the careers of various railroad and railroad-supply 
officers. The dotted lines show some of the transfers which have 
actually been made by men between the two allied industries. 
In this connection, it is well to keep in mind that the men who 
have transferred from railroad to railway-supply companies, 
and vice versa, have been able to do so on the experience or 
record attained in either one of the two industries. In other 
words, the essential experience and requirements for both the 
railroad and railroad-supply industries are, from all practical 
standpoints, basically the same. 
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course. It depends on the characteristics and ability of the 
individual whether he moves slowly or rapidly to higher positions 
of responsibility. 


Seniority Rutes DeLtay PROMOTION 


The seniority rules are generally admitted to slacken the rate 
of promotion for the college man in railroad work, but present 
no insurmountable barrier if superior capacity is demonstrated. 
The prime necessity of not impairing morale among the employees 
by anything savoring of favoritism is stressed very generally, 
although seniority, it is said, will give way to demonstrated 


superior capacity to fill a higher post. In other words, the burden 
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MECHANICAL ENGINEER AT GRADUATION FROM COLLEGE 
1 


The Sub-Committee on Professional Service does not wish to 
convey the impression that each man must necessarily follow 
one of the five general routes shown in Fig. 1 to get to the top. 
Analysis of the careers of railroad and railroad-supply officers 
shows that some have jumped from one route to another or 
skipped one or more positions in the usual direct line of promo- 
tion. There have been instances where special apprentices 
have become machinists, and there have also been instances of 
Promotion to foremen on the completion of the special apprentice 


. See the progress report of the Railroad Division’s Sub-Com- 
uttee on Professional Service in the February, 1927, issue of Me- 
chanical Engineering. 


CHART SHOWING THe GenerAt Rates or Promotion Usuatty Fouttowep THE RAILROAD AND RAILROAD-SuppLy INDUSTRIES 


of proof, “the risk of non-persuasion,”’ must be arrived at by 
the college man who aspires to promotion in competition with 
the man of longer service.® 

Among the facts the young mechanical engineer would like 
to know before entering the employ of any company are those 
relating to the manner in which promotion is gained. In other 
words, must he play politics? be a relative of some high officer, 
either through birth or marriage? or is promotion gained solely 


® See abstract of paper by Winthrop M. Daniels, Yale University, 
read at the annual meeting of the American Economic Association, 


Chicago, December 30, 1924. February 7, 1925, Railway Age, 
page 375. 
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through merit? Naturally such information is practically im- 
possible to obtain until one has been in the employ of the com- 
pany for a time and has had an opportunity to discover some of 
the inside workings. Fortunately, the majority of the Class 
railroads have such large organizations that family influence 
and politics do not have much weight in obtaining promotion. 
In fact, a careful check of various records and statistics of the 
ownership and official personnel of the railroads shows that 
“family controlled” companies are few in number and are prac- 
tically all small roads. 

Analysis of the careers of officers in both the railroad and 
railway supply industries shows that the college graduate has a 
distinct advantage over the non-college man. Reference is 
made to Tables 7 to 9, inclusive. Table 7 shows the results of 
a study made of the railroad careers of 25 railroad officers in 
six different grades. The right-hand column of the table shows 
the number of years gained by the college graduate in reaching 
each position listed over the time required by the non-college 
man in reaching the same position. The officers, selected 
random, are all employed by Class I railroads. 

TABLE 7 AVERAGE AGES OF 25 RAILROAD OFFICERS IN EACH 
GRADE SHOWN, TIME REQUIRED TO REACH CERTAIN POSI 
TIONS, AND TIME GAINED BY COLLEGE GRADUATES 


Average Average 


Average time time Time 
time for non for gained by 
Average in R.R. College college college college 
age, service, trained, man, graduate, graduate, 
years years per cent years years years 
30 53 34 24 
Vice-president..... 50.8 28.1 458 30.7 25.2 3.5 
General manager.... 49 30.5 16.8 31.4 26.2 3 2 
Superintendent of 
motive power... . 43.58 25.8 44 29.9 19.9 10 
Mechanical engineer 35 13.75 SO 14.6 13.5 Bae 
Master mechanic,... 47.4 22.7 20 24.1 15.2 9.4 


In studying this table it is well to keep in mind the fact that 
the superintendent of motive power is the active head of the 
mechanical department. A master mechanic is head of the 
repair shops of a division, and quite often has charge of both 
locomotive and car repairs. On most roads, however, the 
master mechanic has only locomotive maintenance to supervise. 
The mechanical engineer usually reports to the superintendent 
of motive power, and his work generally pertains to the design, 
alteration, and selection of rolling stock and shop equipment. 
Practically all of the mechanical engineers in Table 7 are college 
graduates. Those who are not college graduates obtained 
their technical training at night school or by home study. This 
accounts for the small gain of 1.1 year by the college man over 
the non-college man. In other words, practically all of the 
mechanical engineers employed by the railroads have had a 
college education or its equivalent. 

The Sub-Commitiee felt it to be essential to have all the 
information contained in this report of as recent date as possible. 
Table 8 shows the careers of officers holding certain representa- 
tive positions in railway-supply-manufacturing companies. 
In collecting data for this table, only the careers of officers 
promoted since December, 1919, were considered. An_ in- 
teresting item in this table is the large number of vice-presidents 
as compared with officers of lower rank. The reason for having 
37 vice-presidents and only 13 general managers and 11 chief 
engineers is that the functions of the latter officers are quite 
often handled by men holding the title of vice-president. It 
is not an uncommon thing to have a “vice-president in charge 
of engineering” in a railway-supply company or to see the title 
of ‘vice-president and general manager.’ 

Tables 8 and 9 are arranged for comparison with Tables 3 
and 7. It is interesting to note the similarity in respect to time 
element between the careers of railroad presidents and the presi- 
dents of railway-supply companies. There is also a large degree 


TABLE 8 CAREERS OF OFFICERS HOLDING CERTAIN REPRE. 
SENTATIVE POSITIONS IN RAILWAY-SUPPLY COMPANIES 


No. Per 
No who -——- Education— cent 
who started Com High of 
started with mon school College college 
No. on R.R. R.S. Co. schoo! or equiv. grads grads 
President . 28 6 22 4 6 1s 55 
Vice-president. 37 22 15 10 s 10 1.4 
General manager 13 2 10 77 
Chief engineer. 11 1 7 1 
Manager of sales. 12 7 ot) 2 3 7 
Railroad represen 
tative 2 3 2 1 75 


TABLE 9 AVERAGE AGES, TIME REQUIRED TO REACH CER 
TAIN POSITIONS, AND TIME GAINED BY COLLEGE GRADUATES 
—RAILWAY-SUPPLY COMPANIES 


Average Average 
time time Average Dime 
in R.R.& for non- time for gained 
Average ROS collexe college colleg 
age, service man graduate, graduate 
Vears years years years year 
President.... 56.6 27.1 35.5 22 
president 47.75 28.9 32.2 23.8 s4 
yeneral Manager 44.7 29.2 32.4 26 6.4 
Chief engineer 1 25 23.2 31 20 
Manager of sales it} 21.75 27.25 
Railroad representative 13 27.1 2004 


of similarity in this respect between the vice-presidents in both 
industries, but a somewhat greater difference in figures appears 
in the careers of officers of lower rank. This is due largely to 
the fact that the growth of the railroad-supply industry is com- 
paratively more recent than that of the railroads. Again the 
college-trained man appears to have a distinct advantage over 
the non-college man. 

The figures shown in Table 9 do not represent an average for 
perhaps the four lower grades, but only a limited number as is 
indicated by the figures shown in Table 8. 

Table 10 is arranged for comparison with Table 4. Higher 
officers are included in Table 10, however, owing to the fact 
that the duties and responsibilities of many railway-supply- 
company executives involve problems that are of a mechanical- 
engineering nature. 

It can be said that a large share of the problems confronting 
the president of the average railway-supply company are similar 
to those of the superintendent of motive power of a Class! 
railroad. He should have sufficient technical knowledge to 
make intelligent decisions on engineering problems. 

TABLE 10 YEARS REQUIRED FOR MECHANICAL ENGINEERS 
TO REACH CERTAIN REPRESENTATIVE POSITIONS IN A RAIL 
WAY- SUPPLY COMPANY 


Longest Shortest 


time time Average 
President... 45 15 26 
Vice-president. 39 11 25.2 
General manager 45 2 29 
Chief engineer. . 36 20 26.4 
Assistant engineer 22 15 19 
Manager of sales 40 12 21.2 
Assistant or district manager of sales 26 11 19.6 
Railroad representative 43 4 21.2 


SALARIES Paip IN THE Two INDUSTRIES 


One of the questions asked in the questionnaire mailed to the 
various railroad and railway-supply companies in 1{27 Was: 
What length of time is required for a man to reach a position 
paying, say, $5000 a year? Summarizing the replies, it may 
be said that some railroads do not pay this amount. On those 
railroads that do pay this sum, the time required would be not 
less than ten years in the ordinary course of advancemett. 
Again summarizing the replies of the railway-supply companies 
no definite length of time can be determined—it will vary with 
conditions and individuals. 

A rough comparison of the salaries paid mechanical enginee™ 
in the railroad and railroad-supply industries with the salaries 
paid engineers in all industries is shown in Figs. 2 to 4, inclusive. 
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A tabulated analysis of the earnings of engineering graduates 
in all industries is also shown in Table 11. The data shown 
in this table and plotted in Fig. 2 were supplied to the Society 
for the Promotion of Engineering Education by cooperative com- 
mittees from the faculties of a large number of technical in- 
stitutions in connection with an investigation made by that 
society in 1924. The information was obtained by the faculty 
committees from the alumni of their respective institutions. 

TABLE 11 ANALYSIS OF EARNINGS OF ENGINEERING GRAD- 

UATES IN ALL INDUSTRIES AS OF JUNE 1, 1924* 
Annual! Earnings, in Dollars——-— 


Years Limit of Limit of 
since lowest highest 
gradu- Number 25 25 Most 
Class ation reporting percent Median percent Maximum frequent 
1924 0 1,191 1,200 1,476 1,560 4,080 1,200 
1923 l 1,218 1,560 1,800 1,980 5,100 1,800 
1922 2 1,023 1,800 2,100 2,400 9,000 1,800 
1919 5 309 2,400 2,860 3,500 25,000 3,000 
1914 10 408 3,110 4,000 5,100 50,000 5,000 
1909 15 430 3,600 5,000 8,000 49,500 6,000 
1904 20 238 4,000 5,500 10,000 90,000 4,000 
1804 30 116 4,500 7.500 15,000 100,000 6,000 


Total 5,023 


*Study of Engineering Graduates,”’ published by the Society for the 


Promotion of Engineering Education, p. 287. 


TABLE 12 MAXIMUM, MINIMUM, AND AVERAGE ANNUAL 
SALARIES PAID FOR CERTAIN REPRESENTATIVE POSITIONS 
OR THEIR EQUIVALENTS IN THE MECHANICAL DEPARTMENT 
OF A RAILROAD IN 1921 
Maximum Minimum Average 


General superintendent of motive 
power or head of mechanical 


department $25,000 $4,500 $8,430 
Assistant or division superintendent 

of motive power 10,200 4,000 6,660 
Mechanical engineer 11,320 4,000 5,410 
Assistant mechanical engineer 9,600 3,700 4,930 
Engineer of tests 10,000 4,000 5,680 
Engineer of motive power 8,000 4,000 5,940 


Table 12 shows the maximum, minimum, and average salaries 
paid for six representative positions in the mechanical depart- 
ment of a railroad. These data together with the data from 
which the curves in Fig. 3 were plotted was obtained from a 
report of hearings before the Committee on Interstate Com- 
merce, United States Senate, in 1921. The median and mini- 
mum curves are undoubtedly somewhat higher after five years 
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out of college than they should be, due to the fact that complete 
data pertaining to salaries paid to draftsmen, foremen and similar 
grades were not available. Furthermore, the Senate Committee 
report only included salaries of $5000 and over. Only a few 
of the salary figures given in the report were less than $5000. 
Considerable additional data relative to positions paying less 
than $5000 were obtained from a number of railroads, but the 
Sub-Committee was unable to check enough of these salary 
figures against individual careers to plot what it considers to 
be proper minimum and median curves for all positions in the 
mechanical department of a railroad. Therefore it must be 
assumed that Fig. 3 shows only the salaries paid to officers in 
the mechanical department of a railroad. It does not show the 
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salaries paid to officers in executive positions, neither does it 
show the salaries paid to men not holding some position of official 
capacity after five years out of college. 

Fig. 4 shows the earnings of mechanical engineers employed 
by railway-supply concerns. The data for these curves were 
obtained from responsible officers of approximately 20 railway- 
supply companies. It will be noted that the maximum is higher 
than that for railroad employees in Fig. 3, but the median and 
minimum curves are considerably lower. This is due to the fact 
that complete data on all the mechanical engineers employed 
by these companies were reported and, of course, include the 
“square pegs in round holes,” something which is not shown 
in Fig. 3 and, in all probability, not in Fig. 2. Of course, there 
being a considerably larger number of men working at salaries 
ranging around $3000 than at salaries of $6000, the median 
curve in Fig. 4 also is lower than those in Figs. 2 and 3._ It is the 
opinion of the Sub-Committee that the salary situation as shown 
by the wide area between the maximum and minimum curves 
in Fig. 4 is a fairly accurate picture of the earnings of the me- 
chanical engineer in industry, taken as a whole. Salaries 
paid at the present time have experienced no marked change since 
1920. 

Any attempt to obtain accurate data relative to salaries, such 
as those paid in the mechanical-engineering profession, presents 
a number of difficulties that should be taken into consideration 
when studying the salary data presented here. In the first 
place, all the men whose salaries are included in the figures are 
employed. No allowance has been made for those who are 
unemployed. Secondly, there is a greater possibility of ob- 
taining salary figures from individuals in higher positions than 
from those who have made little or no progress in the profession. 
In all probability, curves showing average salaries paid would 
be much lower than those shown by the median curves in the 
three salary charts. In other words, a mechanical engineer of 
average ability can hardly assume that he will earn $4000 
when ten years out of college and $6000 twenty years after 
graduation. 


CONCLUSION 


It is the belief of the Railroad Division’s Sub-Committee on 
Professional Service that if the young mechanical engineer or 
mechanical-engineering student is convinced that he will like 
railroad or railroad-supply work and has a special aptitude for 
such work he will succeed in getting ahead in either of the two 
allied industries. The degree of success depends largely on 
the characteristics and ability of the individual. This, of course, 
holds true for all industries as well as the railroad and railroad- 
supply industries. On the other hand, it is the consensus of 
opinion that both the railroads and the railway-supply companies 
need the young technical graduate, and this report would indicate 
that in salary and opportunity he can hope to achieve the same 
degree of success as in other engineering and industrial lines. 
Finally, the Sub-Committee wishes to stress the value of personal 
investigation in ascertaining the facts pertaining to the oppor- 
tunities afforded in any industry he may be thinking of entering 
before arriving at any final decision, or committing himself to 
a definite line of work. 

The appendixes which follow contain information for the benefit 
of those who wish to inquire further into the training and work 
for mechanical engineers on a number of Class I railroads. 
They also contain information relative to the training afforded by 
one of the leading railway supply companies, and a list of railway 
officers in charge of special apprentice work or heads of mechan- 
ical departments, to whom the student or graduate mechanical 
engineer can write relative to employment. For additional 
information, see the Pocket List of Railroad Officials, published 


quarterly by the Railway Equipment and Publication Company, 
424 W. 33rd Street, New York. 


(Signed) 
Sus-CoMMITTEE ON PROFESSIONAL SERVICE: 


Marion B. Richardson, Chairman, Associate Mechanical Editor, 
Railway Age, and Associate Editor, Railway Mechanical 
Engineer, 30 Church St., New York. 

Eliot Sumner, Vice-Chairman, Representing the Railroad 
Industry, Superintendent of Motive Power, Pennsylvania 
Railroad, Pennsylvania Station, New York. 

Robert 8. McConnell, Vice-Chairman, Representing the Railroad- 
Supply Industry, Chief Engineer, Baldwin Locomotive Works, 
500 N. Broad St., Philadelphia, Pa. 

A. J. Wood, Vice-Chairman, Representing the Colleges, Professor 
of Mechanical Engineering, The Pennsylvania State College, 
State College, Pa. 


Representing the Railroad Industry 


H. N. Rodenbaugh, Vice-President, Florida East Coast, 
Marviento, St. Augustine, Fla. 

A. G. Trumbull, Chief Mechanical Engineer, Erie, 50 Church 
St., New York. 

Charles E. Barba, Mechanical Engineer, Boston & Maine, 
11 Willard St., Newton, Mass. 

Wm. Elmer, Special Engineer, Pennsylvania, Philadelphia, Pa. 

R. W. Salisbury, Mechanical Engineer, Texas & Pacific, 
5818 Belmont Ave., Dallas, Tex. 

W. G. Edmondson, Assistant Engineer of Motive Power, 
Reading Co., Reading, Pa. 

Dennistoun Wood, Engineer Tests, Southern Pacitic, 809 
Lincoln Ave., Palo Alto, Cal. 

Edw. Sears, Division Master Mechanic, Chicago, Milwaukee & 
St. Paul, Deer Lodge, Mont. 


Representing the Railroad-Supply Industry 


D. C. Buell, Director, Railway Educational Bureau, 1809 
Capitol Ave., Omaha, Neb. 

H. B. Oatley, Vice-President, Superheater Company, 17 E. 
42nd St., New York. 

D. F. Crawford, Locomotive Stoker Co., Robinson & Darragh 
Sts., Pittsburgh, Pa. 

Harry 8S. Hammond, Sales Agent, Pressed Steel Car Co., 55 
Broad St., New York. 

A. F. Stuebing, Chief Engineer, Bradford Corp., New York. 
Joseph C. McCune, Assistant Director of Engineering, 
Westinghouse Air Brake Company, Wilmerding, Pa. 
Wm. E. Woodard, Vice-President of Engineering, Lima 
Locomotive Works, Inc., 17 E. 42nd St., New York. 
Montague H. Roberts, Vice-President, Franklin Railway 

Supply Company, Inc., 17 E. 42nd St., New York. 


Representing the Colleges 


Samuel Wm. Dudley, Yale University, 400 Temple 5. 
New Haven, Conn. 

R. A. Norman, Professor of Mechanical Engineering, lows 
State College, 715 Park Ave., Ames, Iowa. 
L. E. Endsley, Professor of Railway Mechanical Engineering, 
University of Pittsburgh, Pittsburgh, Pa. 
Harry Rubenkoenig, Professor of Railway Mechanical Eng 
neering, Purdue University, Lafayette, Ind. 
Ed. C. Schmidt, Professor of Railway Engineering, Universit 
of Illinois, Urbana, II. 
John W. Fountain, Jr., Assistant Coordinator, Cooperative 
Department, Georgia School of Technology, Atlanta, G- 
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Apvisory Mempers Ex-Orricio Railroad Name Title Address 
Elgin, Joliet & J. Horrig: Supt. M. P. liet, Ill. 
Representing the A.S.M.E. Committee on Relations with the Colleges 
W. H. Kavanaugh, Prof. of Experimental Engineering, Towne Pennsylvania F.W. Hankins Chief of M. P. 
Scientific School, University of Pennsylvania, Phila., Pa. Reading I. A. Seiders Supt. M. P. Sending. Pus. 
or, Representing the A.S.M.E. Committee on Education and Training $2.5. 
cal for the Industries PocaHONTAS REGION 
John T. Faig, President, Ohio Mechanics Institute, Cin- a & J. W. Small = Mech. Richmond, Va. . 
sin einnati, Ohio, Norfolk & A. Kearney Supt. M. P. Roanoke, Va. 
Representing the A.S.M.E. Standing Committee on Professional Viesinion Supt. M.P. Princeton, W. 
ad- Divisions Va. 
ks, Robert T. Kent. SOUTHERN REGION 
Atlantic Coast R. D. Hawki Genl. 8. M. Wilmi 
sor Representing the Sociely for the Promotion of Engineering Education 
Be, H. P. Hammond, Associate Director, 33 West 39th St., N. Y. Central of Georgia C. L. Dickert ning M.P. Savannah, Ga. 
Florida East Fk. 8S. Robbins Supt. M. P. St. Augustine, 
senting the Mechanical Division, A.R.A. Coast & Mehy. Fla. “Kg 
Representing She Illinois Central W. Bell Gen. Supt. 135 E. lth 
E. Sears, Division Master Mechanic, Chicago, Milwaukee & eo Pl., Chicago, 
St. Paul, Deer Lodge, Mont. 4 
Balti Louisville & C. J. Bodemer Act. Supt. Louisville, Ky. 
™ John L arrington, ETIRGIOR, oward & Ash, 1012 Balti- Nashville Mach. Bie 
more Ave., Kansas City, Mo. Seaboard Air Line J. E. O'Brien Ch. M. P. & Savannah, Ga. 
E. 
ne, ° Ss > . L. Ette » Asst. to V. P. Washington, 
i Appendix No. l Southern R. L. Ettenger Asst. to V. I \ 9; ton 
Pa. List OF OFFICERS IN CHARGE OF APPRENTICES NORTHWESTERN REGION 
fie, A list of railroad officers in charge of special apprentices to Chicago & bk. B. Hall Gen. 8. M. Keeler Ave. & } 
whom the student or mechanical-engineering graduate should write Northwestern P. & M. Kinzie St., ie 
er, for information relative to employment, follows. This list is subject Chicago, Ill oy) 
to change, but can be brought up to date by comparing with the CC. M. & St. P. R. W. Anderson Supt. M.P. Milwaukee, a , 
309 Pocket List of Railroad Officials and checking the title and address Wis. Wtgy 
= with the name. The company list, however, is permanent. C. St. P. M. & O. E. R. Gorman Supt. M. P. St. Paul, Minn. 
M. 
ek New EnGianp ReGion Great Northern W. Kelly Gen. 8. M. P. St. Paul, Minn. 
Railroad Name Title Address M., St. P. & S. T. A. Fogue Gen. Mech. Minneapolis, 
B s Ste. M. Supt. Minn. 
Supt M7 Boston, Mass. Northern Pacific 8. Zwight Gen. Mech. St. Paul, Minn. 
Boston & Maine Ric sch. Su; 
309 NYNH@ O. Wash. R.R. E. Peck Supt. M. P. Portland, Ore. 
Hartford Mech. Eng. Conn. & Nav. Co. & M. 
E. Gasat Laxes Reciox CENTRAL WESTERN REGION 
h Delaware & G. 8. Edmonds Supt. M.P. Albany, N.Y. A. T. & 8. F. J. Purcell Asst. to V. P. 80 E. Jackson 
Hudson G.W. Ditmore C. B. Albany, N. Y. Blvd., Chi- 
DL. & W. C. J. Seudder Supt. M. P. Seranton, Pa. ] cago, ill. 
55 & E. Chicago & Alton G. W. Seidel Supt. M. P. Bloomington, 
Erie W. 3. Jackson Supt. M. P. 50 Church E. 
. New York Cc. B. & Q. J. H. Reisse Mech. Asst. 547 W. Jack- 
Lehigh Valley F. N. Hibbits Supt. M. P. Bethlehem,Pa. to V. P. son Bivd., 
Dg, Michigan Central J. F. Jennings Supt. M. P. Detroit, Mich. 7 Chicago, Ill. 
New York Central W. H. Flynn Genl. S. M. 466 Lexington ©: R. 1 & P. L. A. Richardson Gen. Supt. La Salle St., 
‘ma P.&R.S. New M. P. Chicago, Ill. 
York Chicago Great E. J. Brennan Supt. M. P.  Oclwein, Ia. 
N.Y.C.& St. L. T. W. Coe Supt. M. P. Prospect Ave. Western 
vay & E.2ndS8t., Denver & Rio W. J. O'Neill Gen. Mech. Denver, Col. 
Cleveland, Grande W. Supt. : 
O. Oregon Short Line A. C. Hinckley Supt. M. P. Pocatello, Ida. 
Pere Marquette J. Williams Supt. M. P. Detroit, Mich. «& M. 
Pitts. & Lake Erie K. Berg Supt. M. P. McKees Rocks, Southern Pacific Geo. McCormick Gen. 8. M 65 Market 8t., 
St., Pa. P. San Fran- 2 
Wabash G. F. Hess Supt. M. P. Decatur, Il. cisco, Cal. 
- Union Pacific E. J. Cole Supt. of lith & Cass a 
CENTRAL Eastern REGION Shops St., Omaha, 
Baltimore & Ohio A. G. W Neb. 
ing, uo A. G. Walther Western Pacific M. B. McPart- Supt. M. P. Sacramento, 
‘ J. C.E. Chambers Supt. M. P. City, SoUTHWESTERN REGION 
} Chic. & Eastern L. S. Kinnaird Supt. M. P. Danville, Ill. Gulf, Col. & 8. J. E. MeQuillen Mech. Supt. Galveston, a 
sity j ll 
Fe. Tex 
. | CC.C.&St.L. D.J. Mullen Supt. M. P. 506 Majestic Los Angeles & Alfred Vesty Apprentice Los Angeles, ; 
tive Bldg., In- Salt Lake Inst. Cal. 
Ga. dianapolis, M. K. T. H. M. Warden Mech. Supt. Parsons, Kan. aoe 
Ind. Missouri Pacific D. A. Garber Ch. Mech. Of. St. Louis, Mo. ae 
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Railroad Name Title Address Company Name Title 

St. Louis-San H. L. Worman Supt. M. P. Springfield, Hunt-Spiller Mfg. W. B. Leach Pres. & Gen. 
Francisco Mo. Corp. Mer. 


Texas & New J. A. Power 
Orleans 


Texas & Pacific A. P. Prendergast 


CANADA 
Canadian Pacific C. H. Temple 


Canadian National C. E. Brooks 


Supt. M. P. 
E. 
Mech. Supt. 


Ch, M. F..& 
R. S. 
Ch. of M. P. 


Appendix No. 2 


INFORMATION RELATIVE TO EMPLOYMENT 


Houston, Tex. 


Dallas, Tex. 


Montreal, Que. 


Montreal, Que. 


A list of railway-supply-company officers to whom the student or 
mechanical-engineering graduate can write for information relative 


to employment, follows. 


Name 
W. H. Baldwin 


Company 
Adams & West- 
lake Co. 
Air Reduction E. M. Sexton 
Sales Co. 
American Arch John P. Neff 
Co., Ine. 
American Brake 
Shoe & Fdry. 
American Car and Victor R. 
Foundry Co. Willoughby 
American Loco- Joseph B. Ennis 
motive Co. 
American Ry. 
Appliance Co. 


W.S. McGowan 


A. Schneider 


American Steel R. P. Lamont 
Foundries 

Ashton Valve Co. J. W. Motherwell 

Baldwin Loco- R. Ss. MeConnell 
motive Works 

Manu- 
facturing Co. 


F. N. Bard 


Bethlehem Steel J. M. DeslIslets 
Company 

Bettendorf Co. 

Bird-Archer Co. 


J. W. Bettendorf 
C. A. Bird 


Bradford Corp. A. F. Stuebing 


J. G. Brill Co. J. L. Poultney 


Buckeye Steel 5. P. Bush 
Castings Co. 

Buda Company 

Camel Co. 


IF. E. Place 
Fred. C. Heinen 


Chicago Ry. kL. E. Griest 
Equipment Co. 

Cincinnati-Bick- 
ford Tool Co. 

Clark Car Co. 


August H. 
Tuechter 
Chas. H. Clark 


Commonwealth C. H. Howard 
Steel Co. 

Fairbanks, Morse P. H. Gilleland 
& Co. 


Franklin Ry. Chas. G. 
Supply Co. Carothers 

Gold Car Heating E. B. Wilson 
& Lighting Co. 


Gould Coupler 
Co, 


C. J. Symington 


Title 
Vice-Pres. 


R.R. Sales 
Mer. 
Vice-Pres. 
Vice-Pres. 
Gen. Mech. 
Eng. 
Vice-Pres. 


President 


President 
Vice-Pres. & 
Gen. Mer. 
Ch. Eng. 
President 
Steel Car 
Div. 
President 
Vice-Pres. 
Chief Engr. 
Mech. Eng. 
President 
Vice-Pres. 
Manager 
Gen. Supt. 
President 


President 


President 


Mer. R.R. 
Div. 


Mech. Eng. 


Vice-Pres. 


President 


Address 

319 W. Ontario 
St., Chicago, 
Ill. 

346 Madison 
Ave., N. Y. 

17 E. 42nd St., 
30 Church St., 

30 Church St., 

30 Church 

350 Madison 
Ave., N. Y. 

Wrigley Bldg., 
Chicago, Ill. 

Boston, Mass. 


Philadelphia, 
Pa. 

1801 Winne- 
mac Ave., 
Chicago, Ill. 

Bethlehem, 
Pa. 

Bettendorf, La. 

1 E. 42nd St., 


N, 
25 W. 43rd St., 
N. ¥. 

62nd St., 


Phila., Pa. 
Columbus, 
Ohio 
Harvey, IIl. 
332 Michi- 
gan Ave., 
Chicago, Ill. 
1928 W.468t., 
Chicago, Ill. 
Cincinnati, 


Ohio 

Oliver Bldg., 
Pittsburgh, 
Pa. 

Granite City, 
Ill. 

900 S. Wabash 
Ave., Chi - 


cago, Ill. 
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Company Name Title Address tice training and maintains monthly reports showing the individual 
Walworth Co. Howard Coonley President Box 26, Bos- progress of each apprentice. This technical training was made 


ton, Mass. 
Director of Wilmerding, 
Engineering Pa. 


Westinghouse Air ©. C. Farmer 
Brake Co. 


Westinghouse 8. G. Down President Wilmerding, 
Friction Draft Pa. 
Gear Company 

Whiting Corp. T. 5S. Hammond President Harvey, Ill. 

Worthington Fred. A. Pope Supvr. Train- 115 Broadway, 
Pump & Mchy. ing Be 


Corp. 


Appendix No. 3 
OUTLINE OF TRAINING COURSES 


fhe following material constitutes an outline of the courses of 
training given by 20 railroad companies and one railway-supply 
company to prepare graduates in mechanical engineering for work 
in the mechanical or motive-power departments. These courses 
are generally known as special apprentice courses. A number of 
the companies from which this information was obtained have 
requested that their identity with the course not be published. The 
majority of the railroads have an agreement with the shop crafts 
limiting the total of special, regular, and helper apprentices to five 
per cent of the total number of machinists and helpers employed. 
Information relative to any of the courses listed in this Appendix 
may be obtained by writing to the chairman of the Sub-Committee 
on Professional Service, Railroad Division, A.S.M.E., 29 W. 39th 
New York. 


M 


RAILROAD “A” 


Special apprentices are selected from young men between the 
ages of 1S and 26 years, who have had a technical-school education 
and who pass an examination on engineering principles. They 
must serve a period of three years of 290 days each calendar year, 
during which time they receive training in the various departments 
in the different classes of work of the crafts employed in the Main- 
tenance of Equipment department. 

If retained in the service at the completion of the three-year 
course, they select the craft they desire employment in and are 
given training in the work of the craft selected for the period of one 
year. During this period, special apprentices are allowed a special 
rate. At the completion of four years, each special apprentice is 
classified and he receives the minimum rate of the craft in which he 
is employed until a vacancy occurs in the supervisory staff. 

rhe rates paid special apprentices are as follows: 


Year Period Hourly rate 
First lirst six months 30.52 
Second six months 0.545 
Second First six months 0.57 
Second six months 0.595 
Third First six months 0.62 
Second six months 0.65 
Fourth Year 0.69 


Special apprentices are promoted to fill vacant minor supervisory 
positions, their selection and promotion depending entirely on their 
individual ability and qualifications. 

In addition to the shop training, beginning September 1, 1927, 
this road extends its regular apprentice technical training to the 
special apprentices. This training gives special instructions per- 
taming to the work of the various crafts. Special apprentices will, 
like the regular and helper apprentices, be required to follow a pro- 
gressive study period and do their studying and prepare their exami- 
nations on their own time. The rules of the shop crafts’ agreement 
make this technical training compulsory and each apprentice must 
submit 1 minimum of two lessons each month. 

This railregad employs the Railway Educational Bureau, Omaha, 
Neb., to furnish technical training to all regular and helper appren- 
uces. his bureau furnishes the necessary texts and instruction 
papers to the apprentices, corrects and grades the lessons which 
are prepared by the apprentices at home; also furnishes the railroad 
With a monthly report showing the lessons submitted by each appren- 
Uce, together with the grades made. All apprentices are required 
to follow a progressive study schedule and complete two lessons 
tach month. They do their studying and prepare their examinations 
on their own time. 

The technical training of apprentices is directed from the office 
of the chief of motive power and equipment, where an organization, 
in charge of the assistant supervisor of shops, supervises the appren- 


compulsory prior to putting this plan into effect. 


SCHEDULE FOR SPECIAL APPRENTICES SHOWING THE TIME ASSIGNED 
TO Various CLASSES OF WORK IN THE DIFFERENT SHOPS 
AND DEPARTMENTS 
Erecting Shop 
Tool room (issuing tools)—To obtain general knowledge 


of tools 1 
Steam-tight gang—On checks, pops, whistles, gage 
cocks, ete. l mo. 


Steam-pipe gang—On steam pipes, dry pipes, throttle 
boxes and rigging, ete. (1 week to be spent on grinding 


and assembling and the remainder on erecting) l mo. 

Brake rigging. ... l/s mo. 
Frame gang—Cylinder—1 week; Boiler pads—1l week; 

Frames and braces—!, month mo. 
Shoe and wedge gang l mo. 
Valve gang 1! mo. 
Guide gang 1/ymo 

Total 7 mo. 


Machine Shop 


Wheel and eccentric gang ; 1 mo. 
Box gang 1/5 mo. 
Main and side rods, and crossheads 1'/2. mo. 
Valves 
Links...... 
Throttle rigging and reverse bars 3/,mo. 

Miscellaneous machine work, lathe, planer, boring mill, 
ete.. 2 mo. 
Total. . 7 mo. 


Tool Department 


General machine work l mo. 


Air Brake Shop 


Injectors. 1 smo. 
Pop or relief valves 1/,mo. 
Triple valves. 
Engineer's valves i/,mo. 
Air compressors. 3/,mo. 

Total 2 mo. 


Boiler Shop 


Laying out 1/2. mo. 
Fitting up ‘smo. 
General boiler work 3 mo. 
Total... 4 mo. 
Car Department 
Passenger-car truck work 1/2; mo. 
Passenger-car body work 1/s mo. 
Passenger car interior work.......... 1 mo. 
Freight track (special work under foreman to get a gen- 
eral idea of car work) ; l mo. 
Inspection—aAir brakes 1 mo. 
Inspection—General. . 1 
Total. 4 mo. 
Drawing Room 
Freight-car work. . 1 mo. 
Passenger-car work 1 mo. 
Locomotive work. ; 1 mo. 
(This work to be as general as possible in all three 
departments) 
Total. . mo. 
Special Work 
Routing system 1 mo. 
mo. 
Test department (general).... mo. 
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Enginehouse 


Inspectors 
Passenger engines 1 mo. 
Freight engines 1 mo. 
Laid-in gang. . mo. 
Road foreman ; 2 mo. 

Votal 5 mo. 


(Work at enginehouses to be distributed on repairs 
of all parts of engines.) 
The assignment of work for the fourth year will be as per special 
chart for each craft. 


Division oF Time ON Various CLASSES OF WoRK IN DIFFERENT 
GRADES FOR SPECIAL APPRENTICES DuRING FouRTH 
YEAR OF THEIR APPRENTICESHIP 


(Special apprentice to choose the craft he desires prior to entering 
on fourth year.) 


Machinist Craft 


A—2 months—air-brake work 

B—2 months—tool room—tool and die work 

C—3 months—machine shop—bench and machine work 

D—3 months—erecting shop—valve, frame, steam and trimming 
E—2 months—autogenous welding 


Boilermaker Craft 


A—2 months—laying out—locomotive boiler, firebox and car 
sheet metal parts 
B—2 months—flanging—boiler and firebox parts 


(—2 months—assembling—boiler and firebox sheets 


D—2 months—applying stay, radial and flexible bolts 
and driving 

E—2 months—caulking and chipping 

F—2 months—autogenous welding 


tapping 


Carmen Craft 


A—4 months—freight car department 
B—2 months—saw mill and cabinet shop 
C—1 month—passenger car finishing shop 
D—2 months—passenger car pipe shop 
E—3 months—passenger car erecting shop 


STATEMENT SHOWING STATUS OF SPECIAL APPRENTICES ON RAILROAD 
—AveustT 1, 1927 


Total number authorised. Vicks 
Total number employed since December, 1921?°. . | 
Number left service prior to completing course. 
Number completed course to date.......... . 19 
Number now serving......... 30 


The following shows present status of the 19 who completed 


courses: eight are not in supervisory positions and ten are working 


as mechanics on special work at mechanic's rate. 


RAILROAD “B” 
SPECIAL APPRENTICESHIP 


The purpose of the course is to train for official positions in the 
motive power department graduates in mechanical engineering 
from universities or colleges whose courses of study in that branch 
of engineering fit young men to meet our requirements. Application 
for appointment as special apprentice is made to the chief of motive 
power, in the handwriting of the applicant on a special form ac- 
companied by a recent photograph of the applicant. If the applica- 
tion is favorably considered, the applicant is given a personal inter- 
view by the chief of motive power before a final decision as to his 
appointment is reached. 

In selecting the young men consideration is given not only to the 
educational requirements, but also to their personality, physique, 
and general make-up. Railroad ‘‘B”’ especially desires to secure 


men with initiative who are interested in and willing to work to 
learn the railroad business. The course covers a period of three 
years, divided between the various departments at the principal 
repair shops of the company, and on the road, as follows: 


10 The United States Railroad Labor Board handed down a rule 
authorizing the employment of special apprentices, effective De- 
cember 1, 1921. 


Erecting shop 
Machine shop 5 
Air-brake shop 2 
Blacksmith shop ] 
Iron foundries 2 
Enginehouse 1 
Car shop. 3 
Division superintendent 3 
Boiler shop...... 3 
Firing 2 
Office road foreman of engines | 
Storehouse l 
Office of supervisor of expenditures | 
Car-interchange rules | 

Total 


At the present time the rate of pay for the first six mont 
55 cents per hour (20S hours « month), increasing two cents a1 
each six months to 65 cents per hour for the final period 

Special apprentices are carried on the payroll the same as 
employees, and are paid only for the time worked, no provision 
made for vacation. 

During his course, the special apprentice is brought into nu 
less close contact with the officials and learns something of the et 
side of the requirements of an officer of the company. 


While there is no contract requiring them to do so, it is, of co 


expected that young men taking this course intend to contin 


the railroad’s service. Upon completion of the course, specia 


™ 


4 


prentices are assigned as motive power inspectors, or as gang for 


in enginehouses, for which positions the present salaries are 
and $238, respectively, a month. Their subsequent advanc 


depends upon the general ability and fitness displayed an 


openings that may occur in the organization. The line of prom 
is usually assistant master mechanic, assistant engineer of m 
power, master mechanic, superintendent of motive power, et: 


RAILROAD “B” 


SPECIAL APPRENTICESHIP COURSES 


Erecting Shop 


General erecting shop work with machinist i m 
Driving boxes and link work 3 “ 
Steam pipes, throttles, and air-brake fittings. 3 w 
Iron pipes and back-head fittings 2 “ 
Total me 
Machine Shop 
Planer, by himself l n 
Slotter, by himself 
Boring mill. 
Bench work on main rods 21 
Lathe, by himself 
Bench work on links, crossheads, pistons V/ot 
Laying-off table 


Total. . & 


Air-Brake Shop 


Injectors l Wk 
Triple valves. . 1 wk 
Lubricators and retaining valves. . l vk 
Test racks. 1 k 
Pump and top heads l vk 
Brake and feed valves 1 k 
Regulators, high-speed reducing valves 3 vks 
Blacksmith Shop 
Hand forge on miscellaneous work 2 vks 
Hand forge on tools l vk 
Spring shop. Lis wk 
Forge or hammer shop 1's wk 


(Apprentices to be given an elementary knowledge of hand 
ing. Special emphasis to be placed on the dressing and ten)! 


of tools.) 


+ 
ii 
$$ 
t 
| 
forg- 
ering 
ee 


RAILROADS 


Jron Foundries 


Cupola. . 

Helping molders on miscellaneous work 
On cylinders helping molders 

On pipes helping molders 

Wheel foundry helping molders 


Total 


Enginchouse 


Machinist gang 
brake gang 
Inspection pit 
Work distributor 
Cleaning fires and moving engines 
Office work, chasing power 
\ir-brake instruction room 
Total 


pps 


Freight cars (new and repair work, attending 
ks) 

Steel car shop (all operations on runway and miscel- 
laneous work, including running of machines)... . 


Passenger cars, new and repair work. . 
Total 
Interchange and Inspection 


Car inspection, classification yard (inspecting freight 
ears, 2 weeks; inspecting passenger cars, 2 weeks) 
Freight car repairs, outside (with gang on repairs, 1 
month: with Inspector, 1 month) 
Instruction to be given in M.C.B. work 
Potal 


Boiler Shop 


Staying, stays and crown bolts 

Brac Ing 

Patching 

Inspecting in yard and enginehouse 
Flue work 


Sheet iron work 


Potal 
Firing freight and passenger runs (assignment of runs 
to be made by road foreman of engines) . 
Office of road foreman of engines 


Storehouse 
Storehouse 
Receiving and shipping department. 


1 
Main storehouse office. 2 


wk. 
wk. 
wks. 


lotal.. 1 mo. 


Apprentices in this department shall be given the opportunity to 
familiarize themselves with the methods of ordering, receiving and 
giving out material, together with the records and forms used. 
They should be taught methods of keeping account of stock and how 
to maintain a reasonable supply.) 


SuHop Accounts 
Time accounts. 
Labor distribution 
Tabulating room.. 
Cost accounts 
Expense accounts. 
Inventory 


| 


lotal.. 


M.C.B. INTERCHANGE 


Instructions and car interchange rules. . 

Checking A.R.A. billing repair cards 

Writing A.R.A. car repair bills 

Reports of foreign bad orders and destroyed cars and 
general interchange matters 


Total... 


RR-50-2 


RAILROAD 


Provision is made for a limited number of special apprentices who, 
as a rule, are required to be graduates of recognized colleges in 
engineering courses. They are given a general experience in the 
shops and enginehouses and in road tests and other operations of 
major importance in railroad mechanical operation. We stress 
the enginehouse experience as it is in the terminal operations that 
the individual, in our view, has the best opportunity for his own 
advancement and of prospective value to us. 

If the apprentice has the qualities of success in him he will sooner 
acquire a true railroad perspective in the enginehouse than in the 
back shop. We give special apprentices who do not gravitate to 
the engineering department or some other staff positions a well- 
rounded experience in all departments of mechanical operation. 

Special apprentices are started at 55 cents an hour, at the end of 
the first year they are raised to 65 cents and advanced to journey- 
man’s rate of 75 cents an hour at the end of the second year. In 
other words, they get journeyman’s rate for the third and last year 
of apprenticeship. Special apprentices are supervised in general 
through the superintendent of apprentices through the line officers 
in charge of our mechanical operations. 


RAILROAD “D” 


The following is the information relative to the special apprentice 
training given by Railroad *‘D:” 
Virst Year 
Salary—First 6 months, $120; Second 6 months, $124. 
(Experience on the regular work in the shops, with change of work 
approximately every three months.) 


Second Year 
Salary—First 6 months, $128; Second 6 months, $132, 
(Experience on the regular work in the shops with special assign- 
ment, as opportunity offers, to dynamometer car tests and other 
special duty.) 
Third Year 
Salary—First 6 months, $136; Second 6 months, $140. 
(Experience on the regular work in the shops, with a period in 
the enginehouse. Special duty assignments leading to supervisory 
positions.) 
RAILROAD “E” 


SPECIAL APPRENTICE COURSE FOR MECHANICAL ENGINEERS 


First Year 


Salary—53 and 55 cents per hr 


Work No. of weeks 


Stripping 

Machine shop. . 

Wheel shop... 

Rods, crossheads, etc. 
Accessories. 

Air brakes. 

Boilers. . 

Spring and brake rigging 


Total.... 
Second Year 


Salary—57 and 59 cents 
Frames. . 

Trucks. . 

Valve motion.... 

Erecting shop. . 

Tank shop... 

Enginehouse. . 

Electric locomotive repair shop. 


Third Year 


Salary—61 and 63 cents 
Central power station... 
Gasoline rail-car shops. ... 
Drafting room......... 
Department of tests.... 
Mechanical Engineer's Office...... . 


to bo 


x 
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RAILROAD “F” 


Special apprentices shall be selected from young men between 
the ages of 18 and 26 years, who have had at least two years technical 
school training and shall serve three years of 290 days, or the equiva- 
lent in hours, each calendar year. Special apprentices shall receive 
training in the various departments in the different classes of work 
of the different crafts in the maintenance of equipment and may be 
moved from place to place, or on any class of work for the first 18 
months. The last 1S months to be devoted to such work as condi- 
tions will permit. 
RAILROAD 

The course for special apprentices is covered by an agreement 
between the company and the shop crafts employees, the require- 
ments being as outlined: 

“Special apprentices shall be selected from young men between 
the ages of 18 and 26 years who have had a technical-school education 
and shall serve three years of 290 days, each calendar year. They 
shall receive training in the various departments in the different 
classes of work of the different crafts in the maintenance-of-equipment 
department and may be moved from place to place or on any class 
of work at the discretion of the management. 

“In computing the ratio of apprentices to mechanics, special 
apprentices will be included, the number of same not to exceed five 
per cent of the total. If retained in the service at the completion 
of the three-year course, the apprentice may choose the craft he 
desires employment in and shall receive a special rate for the period 
of one year, at the expiration of which time he shall be classified and 
receive the minimum rate of the craft employed in. The rate of 
pay for special apprentices for the first three years shall be not less 
than that of helper apprentices.” 

Special apprentices report either to the superintendent of shops or 
to the mechanical engineer depending on the particular assignment 
on which they may be working. Generally they are started in the 
mechanical engineer's office or the shop drafting office on drawing 
files and other drafting work. Some are placed in the shops at 
various trades, others continue in the drafting office filling vacancies 
that occur in the ranks of junior draftsmen. 

While it is desired to give all special apprentices a chance to work 
in all departments of the shops, it is not always possible to do so as 
when vacancies occur in the ranks of draftsmen, we select the more 
competent and promote them to these positions. The ones that 
finally complete the course are generally found to be valuable ma- 
terial for promotion to ranks of shop supervisors. 

Railroad “‘G’’ has no particular course of study for special appren- 
tices except the training they get in the shops. Being selected from 
the ranks of technical graduates, they usually are much further 
advanced than other apprentices and are not required to attend 
school. Their selection for shop supervisors and other positions of 
trust and responsibility depend entirely on their ability and experi- 
ence. Seniority as a rule has nothing to do with promotion except 
of course, where ability and experience are approximately equal. 

The rates of pay are as follows: First six months, 48 cents per 
hour, with a 2-cent increase each six months thereafter for the first 
six periods. After completion of the third year, special apprentices 
are given a special rating for one year. 


First Year 


Salary—4S cents and 50 cents per hr. 


Work Weeks 
Machine shop 17 or 18 
Erecting shop 17 or 18 
Boiler shop... 17 or 18 

Second Year 
Salary—52 cents and 54 cents per hr. 
Blacksmith shop 17 or 18 
Electric shop. 17 or 18 
Foundry 17 or 18 
Third Year 
Salary—56 cents and 58 cents per hr. 
Drawing room.... 17 or 18 
Schedule department. . 17 or 18 
17 or 18 


Locomotive tests. . 
Fourth Year 
Salary—special rates are set for individuals by the shop superin- 


tendent or master mechanic. 
Special work depending on man's ability 
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RAILROAD “H" 

First Year 

-50 cents and 55 cents per hr. 
Work Weeks 

In machine shop—all classes of work 

Machine shop practices 


Salary 


Second Year 
Salary—60 cents and 65 cents per hr. 
Erecting shop practices and finishing machine shop practices 
RAILROAD “J” 


First Year 


Salary—30 cents and 33 cents per hr. 
Work Week 
Machine Shop 

Drill press 
Engine lathe... 12 
Draw-cut shaper 

Turret lathe s 
Brass lathe 
Frames... 
Welding i 

Second Year 
Salary—37 cents and 40 cents per hr. 
Erecting Shop 

Cab work.. 2 
General floor 
Motion work... . ‘ 
Shoes and wedges i 
Air room s 
Valves 
Cross heads 
Tool room (milling machine). . 


Third Year 


Salary—40 cents and 44 cents per hr. 


Work Weeks 
Bowler Shop 


Flange fire 
General boiler work and laying out 24 


Blacksmith Shop 


Light fire 
Bulldozer and heavy forging 2 


Fourth Year 
Salary—51 cents and 58 cents per hr. 
Car Department 


Air and heavy repairs. ... » 


Mill and A.R.A. 


Enginehouse, general work and inspecting 24 


RAILROAD “K” 

Technical graduates who are accepted as special apprentices put 
in certain time in the drafting room, after which they are transferred 
to different shop points on the railroad where they work in various 
departments of the shop operation. As a general thing they a 
occasionally given special assignments such as economic studies [0° 
new equipment and improvements, and some test work. An attempt 
is made to keep them in the shop on actual work to the greate 
extent possible. 

The maximum number of special apprentices are limited to 20 10° 
the system, divided equally between the locomotive and car d& 
partments and distributed at the principal points, in proportion © 
the force employed and the facilities for educating the apprenuces 
involved. 

The rates of pay will be increased annually instead of semi-ant” 
ally as heretofore, as follows: 
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First year. 62 cents per hr. 
Second year 65 cents per hr. 
Third year 68 cents per hr. 
Fourth year 72 cents per hr. 


Two hundred and ninety days actual service constitute a year 
Overtime or sick leave is not included, except in special cases where 
the circumstances warrant modification, and only then after approval 
by the head of the mechanical department. 

The greatest possible care is exercised in selecting special ap- 
A college education with diploma signifying completion 
fan approved course is not necessary, but is desirable. All appli- 
cants for the position of special apprentice should possess the quali- 
fications for obtaining education that will enable them to absorb 
problems of a technical nature, and each applicant must be approved 


prentices 
prenu 


by the head of the mechanical department. 


Ns ial apprentices are not to be used on work other than what 
is outlined below, except in such cases as are authorized by the head 
f the mechanical department. The following schedules are outlined 
to guide in as practical a manner as possible, the diversity of service 


to which special apprentices should be assigned. Deviation is 
permitted as will best fit the ability of the individual apprentice 
he facilities and circumstances obtaining: 


SPECIAL APPRENTICE STEAM TRAINING) 


General machine work 9 mo. 
General floor work 12 mo. 
Special work 15 mo. 
Minor supervisory work 12 mo. 


SPECIAL WorRK 


Enuginehouse mo. 
Boiler shop 2 mo. 
Blacksmiths shop ] mo. 
Powerhouse 1?» mo. 
Car shop and tender work 2'/2 mo. 
Potal 15 mo 
SPECIAL APPRENTICE (ELECTRICAL TRAINING) 
Electrical engineers’ office 3 mo. 


General backshop work on electrical equipment, 


including control, relays, grids, etc. 9 mo. 
General backshop machine work and erecting. 3. mo. 
Armature work 3 mo. 
Batteries 1 mo. 
Meters mo. 
Enginehouse (mech. and elec. 4 mo. 
lest track 2 mo. 
Substation—operation and maintenance.. , 2 mo. 
Load dispatching and time spent with electrical 
instructor 3 mo. 
Special assignments : 5 mo. 
Minor supervisory work 12. mo. 
Total 4s mo. 


SPECIAL CAR DEPARTMENT APPRENTICE 


Heavy repair track 
Air-brake shop 


12°/4 mo. 
mo. 


rain yard 1 mo. 
Coach yard 1°/, mo. 
Wrecking outfit 1/> mo. 
Wood mill 1 mo. 
Blacksmith shop 2 mo. 
Machine shop 2 mo. 
Coa h shop gl, 2 mo. 
Drafting room. . 3. mo. 
Minor supervisory work 12. mo. 

48 mo. 


During the last 12 months, special apprentices are assigned in a 
minor supervisory capacity. It is intended by this assignment to 
develop the executive ability of special apprentices and give them 
‘1 opportunity to prepare themselves for supervisory positions. 
It is the railroad’s desire to arbitrarily make these specific assign- 
ents so that the special apprentice will direct and be responsible 
‘or not only his work, but that of such other employees as may be 
placed under his direct supervision. Definite assignments of this 
character are worked out as occasion requires. 


RAILROADS 


RR-50-2 


RAILROAD “L” 

This railroad has had a course for special apprentices for about 20 
years. It consists of a three-year course divided into six periods of 
six months each. Special apprentices must be graduates in mechan- 
ical engineering from schools of recognized standing, and the railroad 
prefers to have them enter its employ immediately after graduation. 
No applicants will be accepted after one year out of college. Each 
applicant must pass a physical examination similar to that required 
of enginemen and firemen, which is given by the company surgeon. 

The first year of the course is as follows Operating machines 
with one month assignment to special work for a master mechanie, 
mechanical superintendent, mechanical engineer, or the engineer 
of tests 

Second year: 
of special work. 

Third year: Two months boiler-shop work, two months freight- 
car shop, four months enginehouse, two months with a road foreman 
of engines, and two months inspecting locomotives. 


Floor, bench and erecting work, with one month 


The rates of pay are as follows 


six months cents per hr. 
Second six months oo! » cents per hr. 
Third six months. . » cents per hr. 
Fourth six months 60)» cents per hr. 
lifth six months 63 cents per hr. 
Sixth six months 65! » cents per hr 


The following outside reading is recommended but not required: 
Locomotive and car folios of company standards, American Railway 
Association rules, company and Interstate Commerce Commission 
rules for the maintenance of locomotives and boilers, railroad operat- 
ing rules, the Railway Age, own and use a good handbook such as 
Kent's, Machinery’s, Marks’, ete. A monthly letter is required 
from each special apprentice during his third year outlining the work 
he has done, with his comments, criticisms, and suggestions. Each 
special apprentice has the privilege of selecting the department in 
which he prefers to work on the completion of his course. Promotion 
depends entirely on individual ability. If two possess the same 
qualities or ability, promotion is then made according to seniority. 

Promotion to supervisory positions in the shops or to permanent 
positions in the mechanical engineer's office, engineer of tests, or to 
apprentice instructor is made as soon as vacancies occur Sometimes 
a promotion is made immediately, sometimes after one or two years, 
and sometimes never. 

The following remarks were included at the end of the report on 
special training which was received from this road: ‘‘The course of 
training, while necessary for railroad work, appears too long when 
compared with the training in industrial plants. The immediate 
compensation is less, but the ultimate reward is fully as much. 


RAILROAD “M” 


This railroad maintains a three-year special apprentice course. 
It consists essentially of three months on the erecting floor, two 
years in the machine shop, seven months on erecting and inspection 
work, and two months in the enginehouse 

The rates of pay are as follows: 


First six months 51 cents per hr. 
Second six months 53 cents per hr. 
Third six months. . 55 cents per hr. 
Fourth six months 57 cents per hr. 
Fifth six months 5Y cents per hr. 
Sixth six months 61 cents per hr. 


Seniority in line of promotion is not considered in the advance- 
ment of special apprentices. Ability, a combination of knowledge, 
experience, and the execution of common sense are the chief assets. 


RAILROAD “N” 


Only graduates from technical schools of recognized standing are 
accepted as special apprentices by this road. No drafting-room 
work is included in the course of training, nor is the course confined 
entirely to work in the shop. Special apprentices are used largely 
as assistants in the compilation of test data and information, and 
work of similar nature. However, an opportunity is provided to 
obtain some of the regular apprentice training under an agreement 
with the shop crafts. Promotion is about the same as that for 
foremen in the majority of cases. A number, however, are assigned 
to work in the test department on completion of their course, or are 
assigned to duty as mechanics or to some other form of employment. 


RAILROAD “O” 
This railroad has had a two-year special apprentice course in 
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operation for about two years. 
on machine and bench work, divided as follows: 12 days on a planer, 


In this course, 145 days are spent 


12 days on a boring mill, 12 days on a shaper, 40 days on lathes, 
10 days on a rod bench, 14 days on boiler mountings, 10 days at 
power plant, and 12 days on the link bench. A period of 145 days 
is spent on the erecting floor, divided up as follows: 14 days, shoes 
and wedges; 10 days, cylinders and frames; 13 days, guides and 
pistons; 14 days, driving boxes; 48 days, valves; 16 days, wheel 
gang; 14 days, cab work; 10 days, special work. (Total of 2320 
shop hours constitutes the work of the first year.) Second Year— 
24 days on gas and electric welding; 74 days, enginehouse work of 
which 20 days are spent in general helping; 30 days running work 
and 24 days on air-brake and machinery inspection; S6 days are 
spent in the boiler shop of which 22 days are devoted to flues and 
arch tubes; 16 ash pans and grates; 12 days on the lay-out bench; 
and 36 days on firebox and boiler shell. Seventy-two days the 
special apprentice works in the freight-car shop, 12 of which are 
spent on trucks, couplers, and draft gears; 36 days on wood and body 
work; 24 days on steel-car work; (total of 2320 shop hours for the 
second year, including following road and special work; 14 days 
riding locomotives with the road foreman of engines and 20 days on 
special work). 
The rates of pay are as follows: 


50 cents per hr. 
55 cents per hr. 
60 cents per hr. 
65 cents per hr. 


First six months. 
Second six months 
Third six months 
Fourth six months. . 


In the promotion of special apprentices, seniority counts for little. 
Experience is desired; ability the main factor. The special appren- 
tice is not expected to handle supervisory work on the completion 
of his course, but receives consideration when vacancies arise. Grad- 
uates rate a mechanical assistant’s pay at $175.00 per month. They 
fill vacancies as foremen, are assigned to the dynamometer car, etc. 
They also work on test, in the physical test laboratory and in the 
drafting room. Men working on these assignments are kept at this 
kind of work until a vacancy occurs in some supervisory position. 
These positions are considered in somewhat the light of a_ post- 
graduate special apprentice course, and is considered valuable 
experience. 


RAILROAD “P” 


This railroad has two courses which are designated “Course A” 
and “Course B.”” “Course A” is a three-year course for college 
graduates and ‘Course B” is a five-year course for especially bright 
and studious regular apprentices. The following table shows the 
time spent in the various departments for both courses. ‘ 


Time, Months, 

A B 

Machine shop 10 ls 
Erecting shop 10 1S 
Blacksmith shop j 6 
Drafting room. 4 6 
Boiler shop { 6 
Roundhouse 6 
Total 36 60 


The salaries paid each six months to apprentices employed in the 
two courses are as follows: 


A B 
55 cents per hr. 30 cents per hr. 
55 cents per hr. 32 cents per hr. 
58 cents per hr. 34 cents per hr. 


36 cents per hr. 
38 cents per hr. 
40 cents per hr. 
42 cents per hr. 
44 cents per hr. 
46 cents per hr. 
48 cents per hr. 


58 cents per hr. 
61 cents per hr. 
61 cents per hr. 


The purpose of these courses is to promote graduates of cither 
course to positions of responsibility as openings occur and the indi- 
vidual qualifies for the position. At the present time, this road 
has seven graduates, two of whom are now serving as enginehouse 
foremen and five are awaiting promotion. The management pursues 
the policy that some men are especially adapted to certain lines of 
work and would be failures in others. It endeavors to place men 
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where they are best suited, both from the standpoint of the eons any 
and for themselves. 


RAILROAD “Q” 


The special apprentice course on this road is under the direct 
supervision of the shop superintendent and master mechanic snd js 
directed by the superintendent of motive power. The duration of 
the apprenticeship is three years. The special apprentice receives 
50 cents per hour at the start with an increase of 2 cents per hour 
every six months. There is no definitely outlined course. 


RAILROAD “R” 


The special apprentice course on this road is under the supervision 
of the master mechanic. The course has not definitely been outlined 
but is under the direction of the superintendent of machinery. The 
duration of the apprenticeship is three years. The rates of pay for 
the special apprentice is not less than that for helper apprentices 
for whom the rate is 51 cents per hour. 


RAILROAD “Ss” 


Special apprentices employed by this road must be graduates in 
railway mechanical engineering from a recognized technical 
versity. Each special apprentice attends the regular apprentice 
schools three hours a week where they study locomotive and cs 
design, thermodynamics relative to locomotive boiler and stean 
distribution, standard practice and work of a special nature. They 
are also required to submit a report each month on subjects such as 


the following: Scheduling, track stresses, locomotive boosters, 
feedwater heaters, superheaters, valve gears, etc. The following 
shows the time spent by the special apprentice on various machines 
and in various departments. 
Drill press 1 mo 
Shaper 1 m 
Frames and cylinders 2 nv 
Bolt lathes 3 mo 
Engine lathes 3 mo 
Boring mill 2 me 
Planers. . : 2 mi 
Cabs and steam pipes 2m 
Guides mi 
Shoes and wedges 2m 
Air room 2 ni 
Tool room (manufacture Im 
Motion bench lm 
2m 


Valve gang 


Boiler shop 2n 
Electrical shop ln 
Enginehouse. 3n 
Freight-car shop 2n 
engine inspector 
\ir instruction car 21 


Total 
The following are the salaries paid special apprentic 


six months. 


lirst six months 19 
Second six months 51's cer 
cents 


Third six months 
Fourth six months 57!/, 
Fifth six months 
Sixth six months 


The school schedule for special apprentices on this road is 
in such a way as to encourage special apprentices to read 
on such subjects as railway economics, locomotive design, car desi 
locomotive and car performance, combustion, locomotive «! 
appliances, labor turnover, foremanship, conservation of fue 
terials, etc. The history of transportation, railway orge0 
and finance, relations between various railway departments, | 
motive testing and the testing of materials and devices are 
included in a recommended course of study for special apprentices 

At the present time this railroad has four special apprentices 


its lines and have graduated none since the organization of ifs pres" 
training system. It is greatly interested, however, in this venture 
and what it has accomplished so far, the road reports, is indica" 
of some very fine results. 
RAILROAD “T’ 
be 


Applicants for special apprenticeship on this road must 
uates of colleges of recognized standing in mechanical enginee!™ 
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or may be first employed during the summer months on the comple- 
tion of two years of collegiate work in the course mentioned. In 
the latter case, employment is contingent upon the special apprentice 
regularly completing his collegiate work. 

Special apprentices are not required to attend the regular appren- 
tice school and do the regular assignment of outside work. During 
their apprenticeship, however, special apprentices are given from 
time to time outside work such as studies of A.R.A. rules, safety 
appliance rules, Federal locomotive inspection rules, ete. However, 
a study is now being made with a view toward drawing up a required 
course of outside study and reading. This has not been completed 
but will, in all probability, be based on the following subjects and 
books The Railroad Standard Practice Folio; The Railroads 
Safety First Manual; A.R.A. Rules of Interchange; A.R.A. Safety 
Appliance Rules; U. 8. Government Locomotive Inspection Rules: 
Locomotive Cyclopedia; Car Builders Cyclopedia; The Locomotive 
Up-to-date, by Chas. L. McShane; Railroad Freight Transportation, 
by L. F. Loree and work in a regular apprentice school studying 
questions on all phases of shop work. 

rhe library of the apprentice school is quite complete with books 
containing shop administration, railroad accounting, locomotive and 
car design and repair, ete. Special apprentices are encouraged to 
make use of the library. Special apprenticeship is based on four 
periods of 1160 hrs. each with the rates of pay as follows: 


birst period 
second period 
Chird period 
Fourth period 


50 cents per hr. 
55 cents per hr. 
60 cents per hr. 
65 cents per hr. 


The routing of special apprentices to the shop does not follow a 
regulur schedule in sequence. Freight car work may precede boiler 
shop work but when an apprentice is assigned to one shop, he must 
complete that before going to another. For example, an apprentice 
half-way through his freight-car work would not be sent to the engine- 
house and then back to the freight repair yard. The job assign- 
ments of special apprentices are as follows: 


Jos ASSIGNMENTS 


First Year 


Machines and benches 145 days 
Planer 12 days 
soring mill 12 days 
Shaper 10 days 
Lathes 10 days 
Rod bench. 10 days 
Link bench. 12 days 
|.ubricators, injectors, etc. 14 days 
lool room. 25 days 
Power plant 10 days 
floor 145 days 
Shoes and wedges 14 days 
ylinders and frames 16 days 
Guides and pistons , 13 days 
Driving boxes 14 days 
Valves 1S days 
Wheel gang 16 days 
boiler mountings 14 days 
Special work 10 days 
Second Year 
Gas and electric welding 24 days 
Roundhouse 74 days 
General helping 20 days 
Running work. 30 days 
\ir and machinery inspection 24 days 
ler shop SO days 
blues and tubes 22 days 
\sh pan and grates 16 days 
Layout bench. ; 12 days 
l'irebox and boiler shell. . 36 days 
Freight car shop. . 72 days 
l'rucks, couplers, draft gears 12 days 
Wood body work 35 days 
Steel work. . 24 days 
Riding engines with traveling engineers 14 days 
Special work. tetha 20 days 


This railroad reports that seniority plays a comparatively little 
part in the selection of men for minor supervisory positions. Ex- 
penence and superiority take preference. A special apprentice 
“ourse takes but two years and it does not expect a graduate to be 
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able to assume a major supervisory position immediately upon 
graduation. In order to take care of graduate special apprentices, 
plans have been approved to create positions to be known as me- 
chanical assistants who report to the superintendent of machinery. 
As mechanical assistants they will be used as ‘‘pinch hitters’’ where- 
ever additional help is needed for short periods, such as on the dyna- 
mometer car, in the mechanical engineer's office, test department or 
filling supervisory positions temporarily. Mechanical assistants 
will also be assigned to special work and investigations by the super- 
intendent of machinery. This position will pay $175 per month. 
The management believes that this method will be of particular 
benefit to the special apprentices as they will profit by the association 
and supervision of officials and will give him considerable additional 
experience. It is intended that graduate special apprentices will 
work as mechanical assistants until there is an opening which the 
management believes the individual is capable of filling 


RAILROAD “U" 


The special apprentice employed on this railroad must have com- 
pleted a technical course along mechanical lines at a recognized 
technical school and must meet the road requirements for the em- 
ployment of regular mechanical apprentices which are as follows: 
Age limit of the applicant is between 18 and 26 years. They must 
pass a physical examination and serve three years of 290 days in 
each calendar year. 

During the special apprentice course they must study the course 
prescribed by the Railway Educational Bureau, Omaha, Neb., 
which deals with technical mechanical problems associated with 
railway mechanical engineers and supervision. Each special appren- 
tice receives training in the various departments in the different 
classes of work in the various crafts in the maintenance of equipment 
departments. They are moved from place to place or required to 
work in any class of work at the discretion of the officer in charge. 
The rates paid special apprentices during the different periods of 
their apprenticeship are as follows: 


First period 
Second period 


49 cents per hr. 
51 cents per hr. 


Third period. . 53 cents per hr 
Fourth period. 55 cents per hr. 
Fifth period 57 cents per hr. 
Sixth period 59 cents per hr. 


On completion of their course, special apprentices are placed in 
positions where their past individual performance has indicated 
their ability and aptitude are best suited. These positions are 
selected with the primary object of acquiring further experience in 
railroad work and they are kept in that position until their work 
demonstrates that they are ready for promotion to some super- 
visory capacity. 


RAILWAY-SUPPLY COMPANY “V"’ 


The object of this course is to prepare college graduates for work 
in the engineering department and for mechanical positions in the 
field when there are openings for such. 

This special course is limited to a period of six months and is 
purely preparatory, the work covered during this time being a study 
of the design, construction and operation of numerous typical air 
brake equipments. A typical daily program is as follows: 


7:15 to 10:45 a.m.—Study period 

10:45 to 11:00 a.m.—Physical exercise 
11:00 to 12:00 a.m.—Lecture and discussion 
12:45 to 4:45 p.m.—Practical shop work. 


A special class room is provided for the study period, during which 
period standard instruction pamphlets are used as textbooks. A 
set of questions covering each pamphlet must be answered in writing, 
which answers are then checked by other students and a final check 
made by the department head. Errors must be corrected after a 
discussion and a clear understanding of the question. 

During the lecture and discussion hour lantern slides are used, 
and members of the engineering department and other departments 
of the organization, give talks to the class on the subject being studied, 
or other allied subjects which may pertain to the organization of the 
company. These subjects are of special interest and value to the 
student in his work later. 

In the afternoon practical shop work is done in a place especially 
assigned for this work, it being impracticable to work in our regular 
production departments, as all this work is on a piece work basis 
The work performed is to secure from the plant unfinished parts 
comprising the equipment being studied, which parts must be finished 
and assembled in the same manner in which they would be applied 
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to locomotives or cars, thereby giving the student practical knowl- 
edge of the device as studied, both from a manufacturing, assembling, 
installation, and operation standpoint. 

As a general rule, the man is assigned work, under supervision in 
the test department, unless he is interested in design work, in which 
event he is assigned to the drawing room. As minor executive 
positions in the engineering department or openings in our field 
organization become available, selection is made of the man who 
has demonstrated, by his work and attitude, peculiar fitness for the 


position. 
Discussion 


A. G. Trumputu.'! The paper, which has been prepared by 
the Sub-Committee on Professional Service of the Railroad 
Division, presents to the voung graduate engineer a very fair 
statement of the opportunities existing for him in the railroad 
and its allied field, the supply industry. Of necessity, a report 
of this character must present pertinent facts, leaving to the in- 
dividual the application of those facts to his own particular 
problem. 

In this age of intense specialization the choice of a field of en- 
deavor is second only to the choice of a vocation, and requires 
equally serious consideration. Disappointment not infrequently 
results from a choice dictated by wholly irrelevant circumstances. 
Unquestionably, the colleges and technical schools can be of great 
assistance to their graduate engineers in directing them toward 
a field of effort appropriate to their particular abilities and indi- 
vidual characteristics. Based on personal experience, as well as 
contact with young engineers entering the railroad field, the 
writer has been impressed by what has often appeared to have 
been an unhappy choice, which well-informed advice might have 
avoided. No one should be as well qualified to give this advice 
as the responsible heads of engineering colleges. Vocational de- 
partments of these colleges, under the sympathetic supervision of 
well-rounded executives, should prove of advantage alike to in- 
dustry, to the colleges, and to their graduate engineers. 

There are numerous instances in the experience of every ex- 
ecutive in which young men are found to be ill adapted to the 
work which they have undertaken, due frequently to unhappy 
parental advice. It is perhaps natural to assume that the youth- 
ful pride of the family, who is discovered taking the clock apart, is 
destined to be a mechanical genius, whereas a disinterested opinion 
would properly classify this as a simple manifestation of the in- 
quisitive instinct. Many unfortunate errors of choice would be 
avoided by the application of simple principles of analysis. This 
may be readily understood in its application to railroads as differ- 
entiated from other mechanical pursuits. Of necessity, the prob- 
lems of maintenance have to do with large units of equipment, 
and there are obvious instances where individuals are unfitted by 
temperament and inclination for work of this nature. With 
equal ability they might succeed in the automobile industry and 
fail on a railroad, even though their talents were applied with 
equal industry. Assuming, however, that a choice has been 
appropriately made, there remain in the railroad field several 
directions in which mechanical training may be applied. 

The Army presents an analogy to the railroads, in that it con- 
sists of the line and the staff. The higher officers are generally 
selected from the line, which limits the opportunities for the 
staff. While this rule is not as inclusive with the railroads as 
the Army, it is generally applied. The reason for this, in the 
case of the railroads, is that they are engaged in the transporta- 
tion business. Matters relating to equipment, whether of de- 
sign, maintenance, or operation, and those relating to roadway 
and structures, are collateral to the general function of the in- 
dustry. It is natural, therefore, that the line of promotion should 


11 Chief Mechanical Engineer, Erie R.R. Co., New York, N. Y. 
Mem. A.S.M.E. 


lie in the direction of the chief 


the fact that so few mechanical officers are found in the highe 
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function. 


executive positions of the operating department. 
be understood that the avenue of promotion to mechani 
department officers is closed, but it is the exceptionally 

grounded and all-around man who becomes a transport:t 


department officer. 


This is the reas») 


It should 


In the mechanical department there are two fields whic! 
Primarily, the mechanica 


graduate engineer may enter. 


partment is responsible for maintenance of equipment, and 
maintenance which involves the greatest expense in this ck 
ment. Here there is the same analogy as in the operating 
partment, i.e., promotion is generally through the line, wh 
concerned with the maintenance, rather than through the staff 


which has to do with engineering. 
Having selected railroad work as a vocation, it is there 

important that an early decision be reached as to the part 

branch to be followed, since, if the young engineer aspires 


become the head of the mechanical department, his opportu 


erenee to engineering. On the other hand, 


yr advancement are greater if he selects shop operation it 
if his inelir 


are for the purely technical aspects of the work, he is lik: 
find the shop work irksome and insufficiently interesting to \ 
rant the application, industry, and persistence necessary 


vancement. 


The report wisely refrains from presenting any rules desig: 


to promote success in the railroad or supply fields. The p 


newspapers and magazines are filled with interviews and 


raphies of prominent captains of industry and leaders of bus 


most of which, through analysis of the habits of the indiy 


attempt to indicate qualities which have most contribut 


the outstanding success of the object of these articles. 
It is a fundamental biological fact that the same sucecss 
any field would not be attained by two individuals, even 


the same conditions, for the reason 


that their 


reactions 


given set of circumstances are entirely different; moreove! 


circumstances are never duplicated 


This raises the imp 


and ever-debatable question as to the influence of opport 
upon success. Our recent president, Mr. Charles M. Selival 


modestly states that opportunity had much to do with his 
and adds that in his opinion there are anv number of met 


\ 


having had the same opportunities as he, would have bee: 


more successful than he is generally regarded. It nm 


questioned if this view promotes a hopeful outlook for tly 
Probably he would | 


scure engineer of even average ability. 


fer to regard individual qualities as of greater importan: 
fortuitous circumstances. It is quite evident, however, tli: 


portunity does have a large influence upon individual careers 
and the difficulty in creating those opportunities is, the wr 


believes increased by the growth of what has come to be 


“Big Business.”” But the situation in this report is ! 
favorable with the railroads than elsewhere. 


It is interesting, however, to note those qualities w! 


considered essential to success in different lines of endeavor 


example, one of the supply companies prescribed these qualif 


tions: 


1 Ability to handle men 
2 Originality of thought 
3 Pleasing personality 

4 Initiative. 


Probably the packing business is as widely separated as : 
from the railroad or railroad-supply field. It 
note the views of the head of the personnel department © 
Armour & Company as to the qualities and abilities which weg" 
These are: 


in the rating of supervisors. 


is interesting t 
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| Personal qualities 
” Intelligence 
3 Physical qualities 
Leadership 
5 Trade knowledge. 


lhe latter are more general in character and offer a reasonable 
basis for weighing relative individual abilities. There is noth- 
ing to indicate how the maximum of these various qualities may 
be acquired, but they do suggest the advisability, if not the neces- 
sity, of frequently looking into the glass to see how one’s general 
characteristics are contributing to these qualities. 

Not all can attain the heights of the profession. For most of 
us, in the maturity of experience, the fancies of youth will vet 
have neither form nor substance, but there will be satisfaction if 


t is 


the ideals of the profession are maintained. Moreover 
reasonably certain that each individual will have contributed 
some share to the advancement of engineering and the mechanic 
arts. With this, too, a reasonable economic return will have 
heen realize d 
L. L. Park.'? In addition to the points already stressed in 
the report, there is the problem of bringing the “rank and file’’ 
in the motive-power and car departments up to the higher de- 
mands of modern equipment. With the increased complexity 
of the equipment comes not only the need for technically trained 
eadership but for a better informed group of subordinates, 
trained to meet the more difficult problems arising out of the 
new railway policies. 
lo the technically trained man in the railroad field there is 
presented the opportunity for aiding those in the ranks who have 
ibility for self-development, to prepare themselves for more 
effective work Among the wavs in which this service might be 
rendered are the following: 
1 The encouraging and directing of study technical 
subjects 
2 The application of such technical study to the needs of the 
mechanical departments 
5 Aid in aequiring the art of analysis in problems of im- 
provement in locomotive or car parts to determine the 
probable cause of failure and means of remedy 
} The development of sane ideas in matters of design. 


foo often the men who are eligible for advancement in the 
mechanical departments are poorly equipped for adequately 
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handling technical matters arising out of railroad operation, 
and there would seem to be a distinct advantage in having in 
responsible positions men whose training qualifies them to prop- 
erly aid in building up the 
tenance and improvement of mechanical equipment. 


second line of defense” in the main- 


R. 8S. McConnetu.'* This report of the Committee on Pro- 
fessional Service, Railroad Division, is presented as a demonst ra- 
tion of the average experience that may be expected by the me- 
chanical engineer in these industries 

It is the hope of the Committee that graduates in mechanical 
engineering, when debating the choice of a career, will give 
thoughtful consideration to the railroads and allied industries, 
which, it is believed, present opportunities equal to those offered 
in any other fields. 

The value of the mechanical engineer to railroad and supply 
organizations, and the opportunities afforded him in these fields 
of endeavor, are receiving more attention today than at any 
time in the past. That this is the age of engineering is wholl\ 
true of these industries, and the services of competent mechanical 
engineers are in demand in all lines of operation, maintenance, 
and sales. 

Edueation and training place in the head and hands of the 
student the tools with which to work, and reveal to him the pur- 
poses for which those tools are intended. The use which the 
worker makes of that which he has been taught determines how 
far he will go in his chosen career. Unless we make ourselves 
useful, we cannot expect the world to pay much attention to us 

It is easy to criticize slow progress; so, if progress appears not 
to conform to preconceived ideas, the reasons for such failures 
must not be mistaken. That the fault will not be found in a 
lack of opportunities for advance is quite as true of the railroad 
and supply industries as of any other activities 

When honorary membership in the Society was recently con- 
ferred upon the distinguished French chemist, Prof. Henry le 
Chatelier, the A.S.M_E. News stated that he remarked in his 
address of acceptance that “the application of common sense to 
industry is a distinet contribution of the United States to the 
present era.”’ 

Given the appropriate education and training, that statement 
of Professor le Chatelier’s contains the element for successful 
achievement within the railroad and supply industries as in any 
other field of activity. 


18 Chief Engineer, Baldwin Locomotive Works, Philadelphia, Pa, 
Mem. A.S.M.E. 
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Can Accident Prevention Be Reduced to a 
Science? 


toa science. This conclusion is based on an analysis of the causes 
of accidents, which shows that not more than ten per cent are due to 
misadventure and therefore unpreventable, and an analysis of the 
human factor to which eighty-five per cent of all accidents are 
attributable. He stresses the need of complete accident records and 
of educating supervisory responsibility in safety. 


HE WORD “‘science”’ as used in this outline is intended to 
mean specific ways and means that have been or may be 
successfully used in the prevention of accidents, particu- 
larly with respect to injuries sustained by employees engaged in 
the railroad, construction, manufacturing, or other kinds of 


busine Ss. 
NUMBER AND Cost OF ACCIDENTS 


The reason for and the extent of the effort necessary to prevent 
accidents in any industry as a whole or in any given unit of an 
industry are determined primarily by the number, result, and 
cost of accidents and the advantages to be derived from such 
effort 

The number, result, and cost may be obtained by an analysis 
of reports of aecidents and other records. Cost includes not 
only payments on account of compensation, claims, and damage 
to property, but also expenses due to: 


1 Interruption and delay in operation 

2 Investigation and reports of accidents 

3 Loss of good will 

{ Disarrangement of working forces and delay to work 

5 Cost of breaking in new men (estimated at $50 to $250 per 
man). 


ADVANTAGES OF ACCIDENT PREVENTION 


The following statements suggest the possible advantages 
'o be derived from the prevention of accidents: 


1 Conserves life and limb 

2 Effects economy in operation 

3 Increases the popularity of the business 

+ Makes the business a more attractive investment 

5 Is a good advertisement for efficient management 
6 Forestalls burdensome legislation 

7 Obviates embarrassment of executive officers 


S Minimizes “hazard of employment” as a factor in wages 
% Does not slow up work or production 
10 


The publie ultimately demands a reasonable standard of 
safety not voluntarily provided. 


CAUSES OF ACCIDENTS, AND PREVENTIVE MEASURES 


. Having determined to put the machinery of accident preven- 
‘ion in motion, the next step consists of an analysis of the causes 
of accidents and a determination of practical preventive measures, 
the following being a statement of general causes and the per- 
‘entage of the total number attributable to each cause, and pre- 


Superintendent of Safety, The Pennsylvania Railroad Co. 
Contributed by the Railroad Division and presented at the Annual 
Meeting, New York, December 5 to 8, 1927, of THe AMERICAN 
SOCIETY OF MECHANICAL ENGINEERS. 


By THOMAS H. CARROW,! PHILADELPHIA, PA. 


The author concludes that accident prevention can be reduced 


ventive measures which may be amplified to suit specific con- 
ditions: 

Physical Conditions 

CAUSES OF ACCIDENTS 

1 Unsafe design and con- 


PREVENTIVE MEASURES 
1 Change in design and im- 


| 


struction proved construction 

2 Lack of physical safe- 2 Installation of necessary 
guards 5 safeguards 

3 Defective material and per 3 Efficient inspection and 
equipment | cent maintenance 


4 Litter in walk-ways, or 
material unsafely piled 
or placed 

5 Other physical hazards 


4 Good housekeeping 
} 
5 Miscellaneous 
Human Factor and Misadventure 
6 Violation of rules and 
other forms of negli- 


6 Proper training, super- 
vision and discipline 


gence..... 10 per cent 
7 Carelessness, thought- 7 Safety organization, edu- 
lessness, indifference cation, persuasion and 
and ignorance......... cooperation 
70 per cent 8 Proper selection and 
8 Physical and mental un- placing of employees 
fitness.... 5 per cent first aid and medical 
9 Misadventure........... attention 


10 per cent 
Total from all causes... . 
100 per cent 


9 Unpreventable 


Notre: The percentage of accidents due to each cause varies 
with different kinds of business and with progress in accident 
prevention. 

Tue INpIvipuAL WorKER 


From the analysis of the causes of accidents it is seen that 85 
per cent of all accidents are attributable to the human factor. 
It is therefore in line with engineering principles to analyze the 
nature of the genus Homo to determine inherent tendencies to 
accident and the possibility of counteracting these tendencies. 
An outline for such an analysis follows: 


The Make-Up of a Man 


PHYSICAL MENTAL MORAL 
Positive: Positive: Positive: 
Health Understanding Appreciation of 
Strength Judgment right 
Skill Reason Desire to do right 
Quickness of action Perception Dissatisfaction with 
Eyesight Apprehension wrong 
Hearing 
Negative: Negative: Negative: 
Disease Natural Indifference 
Weakness limitations Carelessness 
Clumsiness Forgetfulness Perversity 
Awkwardness Dullness Recklessness 
Laziness Don’t care 


Defective eyesight 
Defective hearing 


Lack of precaution 
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The extent to which the positive side of the individual is Casualties po 


developed represents the degree of success achieved in over- Year million man-hours 
coming the effect of the negative side, that is, the tendency 1923 80.9 
i toward accident. Some individuals pass a whole lifetime without 1024 «297 8 
serious injury, while others frequently sustain injury, as a com- 1925... 26 1 
93 4 


plete accident record covering a number of years in any business 1926 


will show. 1927 (6 months) 20.7 
* Che progressive improvement indicated, which is very much mor 
In every line of work rules are necessary, accident prevention impressive with respect to individual railroads than wit! 
being no exception. Safety rules to be effective must cover both railroads taken as a whole, may be attributed to the appli 
prohibitions and requirements. Employees in each line of work — of the principles outlined above. 
must be prohibited from doing ‘things’? which may cause ac- 
4 cidents, and they must be required to do the “things” that are Cost oF ACCIDENT PREVENTION 
necessary to insure safety. A report of a preventable accident is . 
Che cost of accident prevention in its most highly dev: | 
record of failure in the performance of duty, either on the part . 
form is comparatively low while the returns therefrom are sul 
of the man injured, his supervisor, or both. It follows, therefore, . 
stantial. The experience of a trunk-line railroad, shown | 
r that the formulation and enforcement of safety rules suitable to will prove this: 
each business is a necessary preventive measure. The safety injuri 
rules for each industry or business are of necessity peculiar to that ; ibaa 
industry or business, and should specify the ‘things’ that are ’ 
prohibited and those that are required. 1925 $327,056.54 
Violations of prohibitory rules are easily detected. Generally 185,207. 
speaking, however, the requirement rules have not been fully 1925 133,050. 42 
7 developed, and supervisory forces are therefore not educated to 1926 S2.470 24 
enforce them. They are, nevertheless, the more important of 
CONCLUSION 
the two. 
oo Can accident prevention be reduced to a science? — In the light 
AccIDENT REcoRD . 
of the foregoing outline, which is based upon exhaustive analysis 


It is a fact that some accidents are beyond the control of both — the author believes it can. 


men and management, while in many instances it is impossible 
to determine whether the responsibility does or does not lie with Discussion 


s the injured. But a cumulative accident record will in time dis- 
close whether an injured man is unduly susceptible to injury in M. J. T. Conway.2) Mr. Carrow’s paper deals with a tim 
the specific line of work in which he may be engaged. Hence — topic and is of interest not only to the railroad companics 
the necessity for complete and continuous accident records. to every industry. He is right in his argument that the super- 


visory forces must realize their responsibilities as the first s! 


As bearing on this point, the following accident record of eight 


men is quoted: in accident prevention and control. The writer believes 
the greatest factor in the cause for accident prevention is | 
nai sniure 8 times in 26 vears service ¢ 
%, Car repairman injured 3 times in 26 years . =e foreman, the first and last man in the supervisory ranks. 1 
a Car repairman injured 18 times in 9 years of service i. the one man who must be thoroughly sold to the safety-firs 
Machinist injured 0 times in 31 vears of service idea before safety can be efficiently practiced by the ra 
i Machinist injured 31 times in 23 vears of service file. Indifference on the part of the foreman will sure! 
ify ; its bad effect on those he supervises, and time spent on getting 
ve Freight conductor injured 1 time in 26 years of service safety thoroughly soaked into the mind of the foreman is 
Freight conductor injured 11 times in 20 years of service best investment that can be made in an accident-preven' 
Locomotive engineer injured 0 times in 26 years of service pais : ee ; 
At the plant where the writer is employed, which has the ty; 
Locomotive engineer injured 7 times in 33 years of service aa : 
hazards of all rolling-mill plants, we have just completed 
EpvucaTING SUPERVISORY FORCES IN SAFETY safety campaign put on through the foremen of the plant, 
. the results have been worth while. The lost-time « 
i If the first step in accident prevention is a matter of supervisory “ 
together with the minor accidents, have been cut down 5 
3 responsibility, which it is generally conceded to be, it is the duty ; 
cent. 
of the management to see that the supervisory forces properly pia . : “eis, 
. Pr . The number of trained first-aid men in an organizatio 
understand how this responsibility should be met, and until a 
; : Lie fairly indicative of that organization’s safety record. | 
system of accident prevention has been developed along scientific ; 
been the writer’s experience that a first-aid man is usual! 
lines, it will not be possible to accomplish maximum results. : ' 
; P safety man who preaches safety, a preventive rather th: 
On the other hand, when accident prevention has been developed 
cure, and the cost of training these men in first-aid work is! 
along scientific lines, somewhat as suggested in this outline, ¥ 
sa , than repaid by the cleaner safety records of the org: 
there is no reason why the management of any business may not ; ; : 
to which they belong. 
sia expect and determine to a nicety whether or not accidents are . 

Evmer.* The average engineer is fairly {ams 
‘anes Repwuctions IN RaILroap ACCIDENTS with the fact that the railroads of the nation are extremely 10" 

ollowi >quency es of accidents to railroad , 
The following are the frequency rat fa iden ¥ a9 ? Fuel Engineer, Lukens Steel Co., Coatesville, Pa. Mem. A>. 
employees on duty as reported by the Interstate Commerce Com- 3 Special Engineer, Pennsylvania R.R. Co., Philadelphia, ¢ 
& mission, 1923 to date: Mem. A.S.M.E. 


d 4 
irs 
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ested in the reduction of accidents. They have set a goal for a 


five-vear program of a reduction of 35 per cent in the number 
of accidents on railroads. They have made remarkable progress 
toward that goal, and in looking over some statistics it is marvel- 
ous to see how some railroads are able to operate with such a 
small number of accidents, and how far others are behind those 
ideal performances. 

The statistics are usually prepared on the basis of the number 
of accidents per million man-hours, and some of the railroad 
systems have reached the point where there are decidedly less 
The Union Pacific, 


The 


than ten casualties per million man-hours. 
has 3! 


as a whole averages about 19. 


for instance, casualties per million man-hours. 
country 
In the train accidents per million loecomotive-miles, the Bur- 
Route and the Great Northern Railroad are both 3! 
whereas the average for the country is Il. Attention 
to these matters is therefore sure to produce the desired 


lington 


less 


jor Sumner.‘ It is possible for a shop force to become 


ealous in the matter of accident reeords. For instance: 


perintendent of Motive Power, Pennsylvania R.R. Co., New 


N.Y. Mem. A.S.M.E. 
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A certain shop posted up each month the number of accidents 
causing loss of time. If an injured emplovee was attended in 
the first-aid room and went back to work, no time was lost. 
An inspection one day disclosed a man reading a 
in the 


that the man had been injured and was not able to resume his 


newspaper 
locker room. An inquiry developed the information 
normal duties. However, they thought that he would be in a 
day or two, so they said: “You come to work anyway, and as 
soon as vou are able to do your regular work we will put you 
on it.” In the meantime he was allowed to read the newspaper, 
so it was not reported as a lost-time accident and gave a clean 
what be done with 


record for the month. This shows may 


paper figures when they are not carefully policed. 

Tue Autuor. While the case cited by Mr. Sumner is an 
indication of inefficient management, it is nevertheless a fact 
that hundreds of men are assigned to other than their regular 
work, which work they perform efficiently and satisfactorily. 

This point is illustrated by an observation made by the general 
manager of a certain plant to the effect that it was easier for a 
foreman to send a man home than it was for him to find suitable 
work for him when he was unable to perform his regular duties. 
Furthermore, an injured man at some work other than his regular 


job is better off than when he is loafing. 
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High Steam Pressures in Locomotive Cylinders 


By LAWFORD H. FRY,' BURNHAM, PA. 


In this paper the author attempts an extended survey of the 
efficiencies obtainable with various steam pressures, and examines 
the effect of the ratio of expansion on the efficiency. The Rankine 
cycle, it is pointed out, does not offer a satisfactory basis of compari- 
son for the locomotive; therefore a modification is suggested, known 
throughout the paper as the “‘locomotive cycle,’ and all calculations 
of the paper are based on this cycle. Changes in boilers to permit 
operation at high pressures and temperatures are discussed, and it is 
pointed out that such a boiler would probably require some form of 
water-tube firebox. Detailed computations and comparisons of 
theoretical indicator diagrams are made, and the ‘‘locomotive cycle” 
is applied to various admission and release pressures. It is 
concluded that it is possible to secure a considerable increase in the 
thermal efficiency of the cylinders by increasing the boiler pressure. 
The use of three cylinders, one operating on high pressure and two 
low, makes compounding a very simple matter, permitting the great- 
est return to be received from the high pressures. For the present, 
however, it is not felt to be expedient to use boiler pressures much in 
excess of 450 Ib. per sq. in. gage. 


RECENT paper by Schmidt and Snodgrass? gives some 

information as to experiments which are being made with 

high steam pressures for locomotives. The theoretical 
efficiencies obtainable with various pressures are compared briefly, 
the comparisons being based on the Rankine cvele. 

The present paper attempts a somewhat more extended survey 
f the efficiency obtainable with various steam pressures, and 
examines the effect of the ratio of expansion on the efficiency. 
For this purpose the Rankine cycle does not offer a satisfactory 
basis of comparison, and a modification suggested by the author 
in discussing the Schmidt and Snodgrass paper is used. This is 
referred to hereafter as the “locomotive evele.”’ It assumes that 
the steam is admitted to the cylinder at constant pressure and 
temperature, and then, after cut-off, is expanded adiabatically to 
the release pressure corresponding to the ratio of expansion 
lesired. Release is assumed to take place at the end of the stroke, 
iid the pressure is assumed to fall immediately to the back pres- 
sure against which exhaust takes place. The cylinder is assumed 

have no clearance. 

Fig. | illustrates diagrams of this locomotive cycle in com- 
parison with a Rankine-cyele diagram. ABCDA is the Rankine 
lagram for admission at 350 Ib. per sq. in., adiabatic expansion 
'0 25 lb. per sq. in., and exhaust at 25 Ib. per sq.in. ABEFDA 
sa diagram of the locomotive eyecle with admission at 350 Ib. 
per sq. in., adiabatic expansion to a release pressure of 50 Ib. per 
‘q.1n., and exhaust at 25 Ib. persq.in. ABNPDA and ABQRDA 
re locomotive-cyele diagrams with conditions similar to ABE- 
FDA, ex 
200 Ib 


ept that the release pressures are respectively 125 and 
per sq. in. ABTDA is a locomotive-cycle diagram with 
‘ull-stroke cut-off, the release pressure being the same as the 
udmission pressure, 350 Ib. per sq. in. Methods of plotting these 
lagrams, and results obtained by computing and comparing 
‘he thermal efficiencies, are given below. Before approaching 
‘problems it is well to consider the values to be assumed 


‘Metallurgical Engineer, Standard Steel Works Co. Mem. 
AS.MLE 

*The Use of High Steam Pressure in Locomotives, E. C. Schmidt 
and J. M. Snodgrass, Mechanical Engineering, Mid-November, 


1996, 
p. 


r ontributed by the Railroad Division and presented at the Spring 
“eeting, White Sulphur Springs, W. Va., May 23 to 26, 1927, of THE 
‘MERICAN SOCIETY OF MECHANICAL ENGINEERS. 


for the steam temperature on admission, and for the exhaust 
pressure. 

The present study of high steam pressures is directed to loco- 
motive practice only, and is based on the assumption that no 
fundamental change in locomotive design is made. It is assumed 
that if the steam pressure is increased no changes will be made 
in the locomotive design except those necessary to enable the 
steam at the higher pressure to be produced safely and to be 
utilized efficiently. For the locomotive boiler a pressure of 250 
lb. per sq. in. is usually taken to be about the maximum that can 
be carried with the conventional firebox with its sheets supported 
by staybolts. The use of the higher pressures with which the 
paper is concerned will require some form of water-tube firebox, 
but will not force any other vital change. Consequently there 
seems to be no reason to assume any great change in steam tem- 
peratures. At present steam temperatures range normally be- 
tween 600 and 700 deg. fahr., according to working conditions. 
In the calculations which follow the steam is assumed to have a 
temperature of 650 deg. fahr. during admission to the cylinder, 
irrespective of the pressure. 
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Fic. 1 TueoreticaL INpicatoR DiaGRamM FoR ApbDIABATIC Ex- 
PANSION OF 1 Le. OF STEAM FROM 350 Le. PER Sq. IN. ABSOLUTE 
Anp 650 Dea. Faur. 


Another factor stabilized in the locomotive is the minimum 
exhaust pressure. Exhaust must be made to the atmosphere, and 
therefore the least back pressure must be higher than atmos- 
pheric. In actual practice the exhaust pressure varies between 
20 and 50 Ib. per sq. in. absolute, according to the rate at which 
steam is passed through the cylinders. For present purposes 
the exhaust pressure for the theoretical indicator diagrams which 
are computed is assumed to be in all cases 25 lb. per sq. in. ab- 
solute. 

We now take up in detail computation and comparison of 
theoretical indicator diagrams, and apply the locomotive cycle 
to various admission and release pressures. In what follows it is 
convenient to measure all pressures in pounds per square inch 
absolute. The properties of steam used are taken from Keenan's 
“Progress Report on the Development of Steam Charts and 
Tables from the Harvard Experiments.’* In all of the theoretical 
indicator diagrams the temperature of the steam on admission is 
taken as 650 deg. fahr. for all pressures, and the back pressure 
during exhaust is taken as 25 lb. per sq. in. 

Fig. 1 shows the adiabatic expansion of one pound of steam 
from a pressure of 350 Ib. per sq. in. and 650 deg. fahr. Ad- 


8 Mechanical Engineering, February, 1926, p. 144. 
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mission of one pound of steam, from A to B at full pressure and 
temperature, gives a volume of 1.80 cu. ft. The external work 
done by the steam during admission is 144 1.80350 ft-lb., 
which is the equivalent of 0.1852 1.80 x 350 = 117 B.t.u. 
Now the steam tables show that at 350 Ib. per sq. in. and 
650 deg. fahr. the total heat energy per pound of steam is 1338 
B.t.u. Deducting from this the external work as above, leaves 
1221 B.t.u. as the internal energy of the steam at cut-off. 
The curve BEC has been determined from the steam tables to 
show the drop in pressure and increase in volume during ex- 
pansion. At C, with a pressure of 25 Ib. per sq. in. absolute, 
the volume is found to be 15.3 cu. ft., and the quality 0.938 per 
cent. Under these conditions the steam has a total heat energy 
of 1102 B.t.u. with an external work value of 0.1852 X 15.3 X25 = 
70 B.t.u., giving an internal energy of 1032 B.t.u. As expansion 
is assumed adiabatic no heat is received by the steam and all the 
heat given up during expansion is transformed into work. There- 
fore the external work done during expansion is 1221 — 1033 = 188 
B.t.u. To complete the cycle the steam must be exhausted. 
This is assumed to take place at a constant back pressure of 25 Ib. 
per sq. in., giving the line CD. The work lost is 0.185225 
<15.3 = 70 B.t.u. The net work done by the steam during 


the cycle is therefore as follows: 


During admission Bau. 
During expansion . 188 B.tu. 
Total.... 305 B.t.u. 
Lost during exhaust 70 B.t.u. 
Net work of cycle 235 B.t.u. 


This sequence of operations, admission at constant pressure, 
adiabatic expansion to a lower pressure, and exhaust at that 
pressure, constitutes the Rankine cycle. The amount of work 
developed can be found by a simpler method of calculation than 
that used above. It is only necessary to note that the steam has 
on admission a total energy of 1338 B.t.u. and on exhaust 1103 
B.t.u., and that as expansion takes place adiabatically, with- 
out heat transfer between steam and cylinder, the difference, 
1338 — 1103 = 235 B.t.u., must be the energy transformed into 
work. 

An indicator diagram constructed on the Rankine cycle gives 
the maximum amount of work which it is theoretically possible 
to extract from steam working between a given admission and a 
given exhaust pressure. It has, however, some disadvantages for 
locomotive work. For example, the steam in a locomotive cyl- 
inder is never expanded all the way down to the exhaust pressure. 
This condition may be approximated with a short cut-off and long 
expansion, but with a low ratio of expansion the Rankine-cycle 
diagram is not in any way representative of the actual diagram. 
With an admission pressure of 350 lb. per sq. in. and expansion 
to 125 lb. per sq. in. the Rankine-cycle diagram would be ABNV A, 
Fig. 1, which owing to the high exhaust line, would show less work 
than could be obtained with the lower exhaust line that would 
be found in practice. A better theoretical representation of 
practical conditions would be the locomotive-cycle diagram 
ABNPDA. 

The work developed in the locomotive cycle is easily calculated 
by the use of the steam tables. Take for example the diagram 
ABEFDA, representing admission at 350 lb. per sq. in., release 
at 50 lb. per sq. in., and exhaust at 25 lb. per sq. in. The area 
of this is ABELA with LEFD added. The former represents 
the work done in the Rankine cycle from 350 lb. per sq. in. to 
50 lb. per sq. in. As the heat content is 1338 B.t.u. at 350 Ib. per 
sq. in., and 1154 B.t.u. at 50 lb. per sq. in., the area ABELA 
represents 1338 — 1154 = 184B.t.u. The area LEFD represents 
the product of the volume LZ, in this case 8.30 cu. ft., multiplied 
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by EF, the difference between the release pressure EM, 50 |b 


sq. in., and the exhaust pressure 25 lb. per sq. in. There! 


the area LEFD represents 0.152 X8.30(50 —25) = 37 B.t.u. Con 


sequently the total work of the diagram ABEFDA is 
184 + 37 = 221 B.t.u. 


By carrying out similar calculations for various release 


sures with admission pressures of 800, 600, 450, 350, and 220 
lb. per sq. in., the values given in column 7 of Table 1 are obtained. 


TABLE 1 EXPANSION CONDITIONS OF STEAM OF 650 


FAHR. EXPANDED FROM 800, 600, 450, 350, AND 220 LB. PER So iN 


TO VARIOUS RELEASE PRESSURES AND THEN EXHAUSTHE! 


25 LB. PER 5Q. IN. 


1 2 3 4 5 6 7 s 
Quality Heat trans 
Admission Release Total at Volume formed 
pressure, pressure, heat release, at Number to work Th: 
Ib. per Ib. per per lb., deg. fahr. release, of per Ib, effic: 
sq.in. sq. in. B.t.u. superheat cu.ft. expansions B.t.u. per 
800 800 1306 131.5 0.73 1.00 105 s 
700 1292 113 0.81 1.11 115 
600 1276 93 0.92 1.26 128 4 
400 1235 41 1.26 1.72 158 
250 1193 0.991 1.83 2.50 189 14 
150 1152 0.952 2.86 3.92 220 It 
75 1100 0.910 5.26 7.20 255 10 
50 1071 0.888 7.55 10.35 270 20 
25 1024 0.855 13.9 19.1 282 2] 
600 600 1320) 163.5 1.01 1.00 108 s 
400 277 «105 1.38 1.37 139 10) 
250 1230 45 1.99 1.97 173 13 
150 1186 0.992 2.98 2.95 203 15 
73 1131 0.945 5.46 5.40 240 1s 
50 1101 0.921 7.85 7.78 255 10 
25 1052 0.5885 14.4 14.3 2658 2 
450 450 1331 193.5 1.38 1.00 108 s 
300 1286) «133 1.89 1.37 141 l 
200 1246 78 2.58 1.87 168 1 
100 11s4 0.997 4.40 3.18 208 1 
75 1161 0.976 5.65 4.10 222 lt 
50 1130 0.953 8.10 5.85 238 17 
25 1080 0.915 14.9 10.8 251 1s 
350 350 1338 218 1.80 1.00 109 s 
250 1298 163 2.33 1.31 137 1 
175 1262 113 3.07 1.70 161 1 
125 1231 70 3.99 2.21 181 ] 
75 1186 9 5.89 3.26 206 l 
50 1154 0.978 8.30 4.60 222 l 
25 1103 0.940 15.3 8.49 235 1 
220 220 1346 260 2.92 1.00 106 
175 1319 221 3.49 1.20 124 
125 1254 170 4.52 1.55 146 ] 
75 1232 O5 6.67 2.29 176 ] 
50 1197 45 9.10 3.12 191 14 
25 1143 0.951 16.0 5.48 203 l 


This table consists of five panels, one for each of the adn 
pressures considered. Column 2 shows the various releas: 
sures to which expansion from the admission pressure is su})} 
to be carried. Columns 3, 4, and 5 show respectively t! 
heat, the quality, and the volume of the steam after ex; 
to the release pressure. Column 6 gives the number o! 
sions, that is, the volume at release divided by the volum 
end of admission. Column 7 gives the amount of heat 
formed into work in the locomotive cycle, that is, expansic: 
release pressure and exhaust at 25 Ib. per sq. in., while ¢ 


gives the thermal efficiency of the cycle, that is, the heat ': 


formed into work expressed as a percentage of the tor 
energy in the steam on admission. 

The figures in Table 1 show the effect of admission |) 
and ratio of expansion on the thermal efficiency of the > 
the cylinders. For the first line in each panel the release 
is the same as the admission pressure, so that there is n 
sion, a rectangular full-stroke diagram, as ABTDA in ! 
being obtained. Under these conditions the work done is ¢! 


ternal work of the steam entering the cylinder less the work “= 


by exhausting against the back pressure of 25 lb. per sq 
will be seen that with this full-stroke cut-off the admiss 
sure has very little effect on the work done per pound of s' 
on the thermal efficiency. The range is only from 1 


B.t.u. per lb. of steam and from 7.9 to 8.1 per cent therm: 


pres. 


\ 
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Increase of the ratio of expansion gives an increase in 
efficiency which is more rapid with the higher admission pres- 
sures. 

This is clearly shown in Fig. 2, in which the computed thermal 
efficiency of the cylinders is plotted against the ratio of expansion 


ciency. 


for each of the five admission pressures. Up to two expansions 
there is little perceptible difference in efficiency for pressures 
between 220 and 800 Ib. per sq. in. Above this point the effi- 
ciency rises faster with the higher pressures than with 220 Ib. 
but nearly 3 expansions are reached before the differ- 
ence between 350 and 800 Ib. per sq. in. is noticeable. 


per sq. 


The curves for each pressure are carried up to the degree of 
expansion at which the pressure is reduced to 25 lb. per sq. in. 
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sq. in., 3.12 expansions are required from 220 lb. per sq. in 


4.6 expansions from 350 lb. per sq. in., and so up to 10.35 ex- 
pansions for 800 Ib. per sq. in. 


The thermal efficiency in each case is shown in column 6. 
The values rise from 14.2 per cent with 220 lb. per sq. in. to 17.9 
per cent with 450 lb. per sq. in., and 20.7 per cent with 800 Ib. 
per sq. in. These three values bear to each other, as shown in 


column 7, the relation of 100, 126, 146. That is to say, a rise of 
pressure of 230 Ib. from 220 to 450 lb. per sq. in. raises the effi- 


| 


800 Lb. per Sg. In| 


+ + + 


NO. OF EXPANSIONS 10.5 
(ORK 270 B.T.U. 
IERMAL EFFICIENCY 20.7% | 


| 
} 


per sq. in.) 


Release Press 


THEORETICAL DIAGRAMS FOR VARIOUS STEAM PRESSURES, 
ADIABATIC EXPANSION 


Admission temperature, 650 deg. fahr.; release pressure, 50 Ib. per sq. in.; 
exhaust pressure, 25 Ib. per sq. in.) 


this is of course a greater expansion than is usually attainable in 
pract If the steam conditions only are considered, and the 

tails of cylinders and valve motions required for high expan- 
“on are neglected for the present, it may be taken as possible to 
*xpand the steam down to 50 lb. per sq. in. and then to release 
and expand at 25 Ib. per sq. in. Under these conditions the 
figures shown in Table 2 are obtained. To release at 50 Ib. per 


| | 800 1b per 
| 
| 450+ 
+ + + —+— 
} | |_| 4005 
+ + | t ¢ 
| | | 
| | | | | 
| } | | T | | 
} + + | +— 
| NO. OF EXPANSIONS 4.60 
+ + + + 4 + 4 + WORK 222 BTU } 
| | | | | THERMAL EFFICIENCY '6.6% 
@ 5 4 5 6 9 WHR 
Number of Expansions 550 Lb per 5g fn 
Fic. 2) ReLtation BETWEEN CYLINDER EFFICIENCY AND EXPANSION FOR 
VARIOUS STEAM PRESSURES 200+ 
In all cases: Admission temperature, 650 deg. fahr.; exhaust pressure, 25 Ib. 


Fie. 4 RELATION BETWEEN THEORETICAL CYLINDE 
EFFICIENCY AND RELEASE PRESSURE FOR VARIOUS 
STEAM PRESSURES 


(Exhaust in all cases against 25 lb. per sq. in. back pressure; 
admission temperature, 650 deg. fahr.) 


ciency by 26 per cent of its value, while a further rise of 350 Ib. 
from 450 to 800 lb. per sq. in. only adds another 20 per cent. 
That is to say, the higher the steam pressure the less it is possible 
to gain by a still further increase. The law of diminishing re- 
turns comes into operation. This statement is based only on 
theoretical thermodynamic considerations and does not take into 
account that as the pressure is increased the expansion must be 
TABLE 2 EFFECT OF EXPANDING ONE POUND OF STEAM 
ADIABATICALLY FROM VARIOUS PRESSURES 


Admission temperature.......... 
Release pressure............ 
Exhaust pressure....... 


650 deg. fahr 
5O Ib. per sq. in. 
25 Ib. per sq. in. 


1 2 3 4 5 6 7 8 9 
Ad- Volume Heat 
mission at transformed 
pressure, ———_—_- Number to work, Thermal 
Ib. per Cut-off, Release, of B.t.u. efficiency, Relative 
sq. in. cu. ft. cu.ft. expansions per Ib. per cent efficiencies 
800 0.73 7.55 10.35 270 20.7 146 125) 116 
600 1.01 7.85 7.78 255 19.3 136 «6116 «+108 
450 1.38 8.10 5.85 238 17.9 126 108 100 
350 1.80 8.30 4.60 222 16.6 117 100 v6 
220 2.92 9.10 3.12 191 14.2 100 om ° 
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lengthened, which will eventually introduce mechanical diffi- 
culties with eylinders and valve motion. In addition, each 
increase in boiler pressure tends to increase the boiler weight 
and to complicate the design. Taking all these matters into con- 
sideration, it appears probable that for the present it will be found 
that the most economical pressure for construction, maintenance, 
and operation will be found not to exceed 500 Ib. per sq. in. 

In order to help to visualize the effect of high admission pres- 
sures, diagrams corresponding to the conditions of Table 2 are 
plotted in Fig. 3 for 220, 350, 450, and 800 Ib. per sq. in. In 
Fig. 4 data from Table 1 are plotted to show for the various ad- 
mission pressures how the work developed per pound of steam 
in the locomotive cycle varies with the release pressure. 

So far we have dealt with the theoretical expansion of the 
steam under ideal conditions. In Figs. 6 and 7 the diagram of 
the ideal locomotive cycle is compared with indicator diagrams 
taken from an actual locomotive. Fig. 5 reproduces indicator 
diagrams taken from a_ three-cylinder compound locomotive 
operating with a boiler pressure of 350 Ib. per sq. in. gage. The 
three cylinders all have the same dimensions, 27 in. diameter by 
32 in. stroke, and are compounded with one cylinder as high-pres- 
sure and the other two as low-pressure. 
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Fic. 5 Actruat Inpicator D1aGrams FoR Locomotive 60,000 
Havinc One HiGH-PressurE CyLInDER AND Two Low-PRESSURE 
(CYLINDERS 


(Steam in branch pipes, 333 Ib. per sq. in., 634 deg. fahr.; steam per 
i.hp-hr., 14.2 lb.) 


The low-pressure volume is therefore twice that of the high. 
The broken-line diagram in Fig. 6 represents the high- and low- 
pressure cards with the effect of the clearance steam eliminated, 
and with the low-pressure card drawn to a double scale hori- 
zontally. Around this is drawn in full lines the theoretical indi- 
cator diagram for the locomotive cycle with expansion to 50 Ib. 
per sq. in. The shaded area between the actual and theoretical 
cards represents losses by heat transfer between steam and 
cylinder and by friction in the ports. It will be noted that during 
admission there is a drop of pressure, but that before release 
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takes place the expansion line comes out to coincide very near; 
with the theoretical line representing adiabatic expansion. 

This shows that of the heat given up by the steam to thy 
evlinder during admission a large part is returned to the steqn 


400¢ 
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hic. Aptapatic Expansion OF STEAM From 350 Lp. pes 
650_Dec. Faur., ComMPARED AcTUAL Carbs From 
£60,000—EFFECT OF CLEARANCE STEAM ELIMINATED 


Work per pound of steam; Theoretical, 222 B.t.u.; actual, 174! 
78.5 per cent 
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hig. 7 Apraspatic EXPANSION OF STEAM From 350 Lp. 1 
Anp 650 Dea. Faur., ComMPARED With AcTUAL Carbs From | 
MOTIVE 60,000—EFrrrecT OF CLEARANCE STEAM INCL! 


oes 


during expansion, so that the actual pressure-volume cury: 
not drop so rapidly as does the adiabatic curve. The measur 
steam consumption during the test was 14.2 Ib. per itip-lu 
which corresponds to 174 B.t.u. transformed into work pe 
pound of steam. The theoretical diagram shows 222 8. 
transformed per pound, so that the actual area is 78.5 per cent 

the theoretical area. The actual ratio of expansion is from 1.s¢u 
ft. to 6.4 cu. ft., or 3.6 expansions as against 4.6 expansions ! 
the theoretical locomotive evele. 

Fig. 7 is similar to Fig. 6, except that here the effect 
clearance steam is shown. This shows that in order to provid’ 
for 3.6 expansions of the working steam the cylinder volume 
the end of the stroke has to be 8.3 eu. ft. That is, the clearane 
steam makes it necessary to have 30 per cent more cylinder vor 
ume than is called for by the theoretical diagrams previous!) 
discussed. Consequently, to obtain high efficiency with t! 
higher pressures it will be necessary to use even shorter cut-offs 
than are indicated by Tables 1 and 2. 


of the 


at 


CONCLUSIONS 


The pressure of 220 Ib. per sq. in. absolute used in the 
lations corresponds to a boiler pressure of 205 lb. per sq. 11 
It is evidently possible to secure a considerable increase 10 
thermal efficiency of the cylinders by increasing the boiler pre 
sure. To secure the full possible increase in efficiency the "3" 
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of expansion must be increased. This can be done by the use 


fa special valve motion or compound eylinders, or both. The 


use of three cylinders makes compounding a very simple matter, 
Probably 
when everything is considered, construction, maintenance, and 


and results obtained in practice are very satisfactory. 


operation, it will be found inexpedient for the present to use 
boiler pressures much over 450 Ib. per sq. in. gage. 


Discussion 


R. ExserGian.* The locomotive eycle used by the author 


approximates an actual eyele; however, actual performances 
require the use of a eycle factor, which must take care of the 
equivalent ratio of expansion with a given clearance volume, 
the cooling, or condensation, effect of the steam during admission 
in the clearance space, wire drawing and throttling, and the 
corresponding decrease of availability, the reheating factor 
which modifies the expansion curve from an adiabatic, the proper 
compression and its effect on the card, ete. 

Therefore, in the same degree of precision to analyze the ad- 
vantage of raising the pressure and increasing the expansion 
ratio, careful consideration should also be given to the modifica- 
tion of the evele factor, which in general can be shown to ap- 
preciably deerease with increased pressure and high expansion 
ratios. The factor, of course, would be different, depending 
wn Whether the steam expanded in a single cylinder or was 
compounded in two evlinders. 

The author has pointed out certain advantages in Compound- 
ing; that is, the expansion in two eylinders rather than one. 
It is interesting to compare such expansions. 

With simple eylinders, with increasing expansion ratios the 
cut-off necessarily must be reduced until a condition is reached 
where the percentage of clearance volume to cut-off volume 
becomes so large that the loss due to cooling during admission 
fisets the gain due to expansion. Thus we become definitely 
limited to given expansion ratios with simple cylinders. The 
expansion ratio being at best relatively small for any ideal cycle, 
the clearance volume itself has, therefore, a marked effeet on the 
ratio of expansion. A further disadvantage of single-cylinder 
expansion is the abnormal ratio of peak to mean piston load, 
i advantage is to be taken of better expansion ratios, which 
necessarily must go with increase of pressure at low speeds. 
This, therefore, requires heavier machinery at the expense of a 
smaller boiler, with poorer counterbalance conditions. 

Compounding offers advantages in the use of greater expan- 
sion ratios Which are needed to take care of the higher pressures. 
\n outstanding advantage is the greater range of economical 
performance, because (1) a reasonably good expansion ratio can 
' obtained at low speeds, and (2) the possibility of relatively 
greater expansion ratios due to the fact that the cooling effect 
{ the clearance space is reduced. The throttling loss is in- 
teased over that of a simple cylinder, but the greater gain in 
etter expansion ratio overbalances this. 

H. B. The question of pressure must go along with 
the question of steam temperature, and in the most advanced 
sign of high-pressure power plants the use of reheating or 
“termediate superheating is also carefully considered. It would 
lave been very interesting if Mr. Fry had extended the first and 
“cond sections of Table 1 to show the gain by reheating at 200 
or 250 Ib. pressure. 


The practical problem of reheating is, of course, far harder 


‘Engineer, Baldwin Locomotive Works, Philadelphia, Pa. Mem. 
AS.M.E, 


. Vice-I resident in Charge of Engineering, Superheater Company, 
‘ew York, N.Y. Mem. A.S.M.E. 
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for the locomotive designer with the limited space available 
than it designer. The Sehmidt- 
Henschel double-pressure locomotive on the German State 


is for the industrial-plant 


Railways impresses one with the fact that an attempt has been 
made to provide what, in reality, is interstage reheating and at 
the same time to reach some of the economies which are to be 
found in the use of steam pressures now being utilized in central 
The locomotive 
is of more than ordinary interest because of the marked advance 


power stations and modern industrial plants. 


toward higher steam pressures, carrying as it does a working 
pressure of between 850 and 900 Ib. per sq. in., and also because 
of the double-pressure arrangement of the boiler. This method 
of steam generation has been provided, and reciprocating engines 
retained, in an effort to obtain a much more economical unit 
than any steam locomotive thus far used and to do this by means 
of a construction far less expensive, equally safe and practicabl 

and more easily maintained than can be had by the use of an 
turbine 


internal-combustion — or prime 


which will be shown include the performance of other locomotives 


power. Comparisons 
working with what may be termed high steam pressures, which are 
to be understood as 250 Ib. per sq. in. and upward. 

The records of this locomotive support the thermal analysis 
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Fic. S Water Rate Piorrep AGainst TENDER 
HorserpoweR OF THE GERMAN State Rariways 
4-6-0 Type Berore AND AFTER CONVERSION TO THE 
DovuBLe-PRESSURE DESIGN 


of Mr. Fry. 
limits set forth in his paper, but evidently Mr. Fry’s limits, 
as regards pressure, are premised on the use of a single-pressure 
generator and on the shell of the fire-tube boiler carrying the 
maximum pressure given to the high-pressure cylinders. 

The following data on the Schmidt-Henschel locomotive 
have been made available through the courtesy of R. P. Wagner, 
chief of the motive-power division of the Deutsche-Reichsbahn, 
and S. Hoffman, managing director of the Schmidt’sche Heiss- 
dampf Gesellschaft. The tests were run on the Berlin-Magde- 
burg division of the German State Railways, and dynamometer- 
car records were used. 


The steam pressures used, however, are above the 


Table 3 compares this locomotive with the Pennsylvania I1s 
class 2-10-0 type locomotive, with the Baldwin experimental 
4-10-2 type locomotive No. 60,000, and with the German State 
S-10-2 class, 4-6-0 type, with normal boiler, of which a large 
number are in service. The Schmidt-Henschel S-10-2E  loco- 
motive was constructed by rebuilding one of the S-10-2 loco- 
motives. 

Attention is invited to the fact that in point of size the double- 
pressure locomotive is, in comparison with the two American- 
built locomotives, a very small unit, and it may reasonably be 
expected that had this experimental engine been of a size com- 
parable with the modern American locomotive, there would 
have been obtained a still lower fuel and water rate per unit of 
power developed. 

Fig. 8 shows the water and fuel rate of the German locomotive 
plotted against drawbar horsepower before and after its con- 
version to the double-pressure method of steam generation. 
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Curve A shows the performance of the Pennsylvania Ils class 
2-10-0 type locomotive, curve B of the Baldwin 4-10-2 type loco- 
motive No. 60,000, and curve C of the double-pressure locomotive. 


are at the 
In Fig. 9 the water rate plotted against drawbar horsepower 


sar of the tender. 


The reduction in water and coal consumption through the change 
in boiler and cylinders is clearly evidenced. 
unit figures it must be kept in mind that the horsepower values 


In comparing these 


rear of the engine under test-plant conditions is shown. 
Ww 
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and steam of lower pressure, also superheated, delivered with the 
steam exhausted by the high-pressure cylinder to the low-pressure 
cylinders. The low-pressure cylinders, therefore, are working 
with a much higher temperature than would be possible unless 
steam of an impracticably high temperature was delivered 


to the high-pressure cylinder. 


Fig. 10 is on the same basis as Fig. 9 and shows coal per draw- 
The sume 


bar horsepower-hour against drawbar horsepower. 
striking reduction in the fuel consumption per unit of power is 


Fic. 
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TABLE 3 
4-6-0 TYPE, PENNSYLVANIA I1S, AND THE BALDWIN NO. 60,000 


Fie. 10 


COMPARISON 


Coat PER Horserpower PLoTTep 


OF A GERMAN 


STATE 


Drawbar Horsepower 


A remarkable reduction in steam consumption is clearly shown 
It represents the advantages obtainable through the use of high- 
pressure superheated steam delivered to a high-pressure cylinder, 


RAILWAYS 


WITH THE SCHMIDT-HENSCHEL LOCOMOTIVE 


in. 


Working steam pressure, 
per sq. in.... 


Diam. drivers, 
No. of cylinders. 
Diam. of cylinders, 


ft 
ace, 


Maximum tractive force, Ib. . 
Heating surface, 

tubes and flues, sq. ft... 
Heating surface, 

firebox, sc 
Heating sur 

total, sq. ft.. 
Superheating surface, sq. ft. 
Grate area, sq. 


German Schmidt- 
State Rys. Henschel Baldwin 
4-6-0 Type my Penn. Loco. No. 
Normal St. Ry 2-10-0 60,000 
Boilers 4-6-0 Ty; 2 “10 Otype 4-10-2 
S-10-2 S-10-2 Ils Type 
>. 
199 853 high 250 350 
199 low 
77.95 77.95 62 63'/2 
in 3 3 2 3 
in. 19.7 1 h.p.-11.4 
2 Lp.-19.7 30'/2 27 
i 24.8 24.8 32 32 
31,300* 33,400 90,000 82,500 
1,494 1,258 4,044 4,447 
157.3 290 745 
a 1,651 1,480 4,334 5,192 
662 856+ 1,479 1,357 
30.75 26.9 70.0 82.5 
A 2E A A 


* Figured on 85 per cent boiler pressure 
t+ Figured on one-half the surface of water tubes 
+ For botb superheaters. 
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performance which the design provides. 


This is the result of the factors which have produced 
a reduction in steam consumption and also of the improved boilt 
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From the illustrations shown, the fact that the maximum 
horsepower of these locomotives is not directly comparable be- 
cause of their difference in size, the relative performance at any 
given percentage of maximum power is not so clearly evident. 

To make this a little clearer, Fig. 11 has been prepared show- 
ing the steam and dry coal per drawbar horsepower-hour, 
measured at the engine drawbar, plotted against percentages of 
maximum locomotive capacity in terms of engine drawbar horse- 
power. These curves naturally bring the same percentage of 
power in the same vertical line, and are another way of illustrating 
the possibilities of further improvement in locomotive economy 
from a steam and fuel standpoint. 

As was to have been expected, a number of difficulties were 
encountered in this first double-pressure locomotive, but all were 
of a relatively minor character and have been successfully over- 
Boiler-feeding devices originally applied were not entirely 

The means for indicating the water level required some 
The performance of the locomotive showed that 
this system of steam generation and use was a perfectly satis- 
factory, safe, and efficient design. It has been particularly notice- 
able that there have been no changes necessary in the method 
of handling the locomotive, and that the engine crews have had no 
difficulty in adapting themselves to its operation. This is a 
factor of very great importance when considering new types of 
steam locomotives where internal-combustion engines or turbines 
with various power-transmission devices are utilized, and where a 
very complicated and delicate condensing apparatus has to be 
used. 

The results of these tests fell short of the expected best per- 
formance, and some changes are now being made which are con- 
fidently expected to provide an additional 10 per cent in fuel 
economy. 

The writer was given the opportunity of making a thorough 
inspection of this locomotive after the tests had been completed. 
This inspection confirmed the claims that have been made for 
the practicability of the Schmidt method of steam generation 
for locomotive service. The indirect method of steam generation 
utilized in this locomotive has been used for some time in power 
plants for stationary service. The writer visited two such power 
plants where the working steam pressure at the prime movers, 
which incidentally were reciprocating steam engines, was in 
excess of 50 atmospheres (735 lb. per sq. in.). Additional con- 
firmation of the satisfactory operation of this type of steam gen- 
erator was found. 

The indirect method of steam generation offers advantages 
which may in part be described as follows: 

1 The high-pressure drum is not in direct contact with the 
high-temperature gases. 

2 The steam generation in the high-pressure drum is uni- 
formly distributed throughout the entire length of the drum. 
The Separation of steam from water, therefore, is more evenly 
distributed and the so-called geyser action, found in normal 
boilers, is eliminated. The result is a smaller moisture content 
in the steam being taken from the pressure boiler. 

3 The circulation of water through the indirect heating system 
s influenced only by the temperature conditions in the firebox. 


There is no opportunity for an unfavorable circulation caused by 
other conditions. 


come. 
suitable. 
modification. 


4 No stayed surfaces are used either in the indirect heating 
system or in the high-pressure steam drum. The safety, there- 
fore, of al! parts carrying the high pressures is increased. 

5 Firing up of a boiler with the indirect heating system can 
be done much more rapidly and with less stressing of the boiler 
material than with the usual type of steam generator. 

6 The heating surfaces in the high-pressure drum are prac- 
ically scale free, since its feedwater is taken from the low- 
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pressure boiler where whatever scale-forming material that is 
introduced remains. 

The cleaning of the high-pressure boiler consists simply of 
washing out any soft sludge which may accumulate. The in- 
direct heating system is a closed circuit and uses water which is 
scale and corrosion free. 


Geo. A. Orrox.* The chief difficulty with the high-pressure 
locomotive lies not in the engine but in the boiler. The magnitude 
of the pressures depends entirely upon the track gage. The width 
of the track settles immediately the size of the low-pressure 
cylinders, and therefore the pressures that can be carried 
economically. 

The boiler problems, on the other hand, become matters of type 
and construction. The type and manner of construction must 
be such as to insure satisfactory operation over the usual humps 
and hollows of the average railway. 

This new development of the Schmidt-Henschel locomotive 
is very interesting because of the absence of many of the diffi- 
culties of the high-pressure boiler. This type of boiler is at 
present occupying the attentions of European designers to a 
considerable extent. In addition to the work of Messrs. Schmidt 
and Hartmann, exemplified in the Schmidt-Henschel locomotive, 
there is the Léffler type of boiler which employs virtually the 
same idea, that is, of obtaining the high pressures by means of 
superheated steam so that the vessel containing the high-pressure 
steam is not subjected to the heat of the furnace. A third type 
patented by Brown, Boveri and Company eliminates the cir- 
culating pump employed in the Léffler type. 

The record of 2 lb. of coal consumed per drawbar horsepower- 
hour is a very excellent performance for a locomotive. This cor- 
responds to approximately 2*/, lb. per kw-hr. and compares 
very favorably with the average central-station performance of 
a few years ago when a consumption of 3.2 lb. of coal per kw-hr. 
was common. At present the average central station in the 
United States requires 1.9 lb. of coal per kw-hr., and the best 
stations run around 0.8 lb. 

Considering the fact that locomotives formerly demanded 
8 to 9 lb., the record of 2 lb. would seem to approach very nearly 
the limit on the sizes in use today. It may be possible to drop 
below that figure, but to obtain the required draft it is necessary 
to permit some losses. 

Lately, the writer has been devoting considerable thought to 
the length of time our present steam locomotives are going to 
meet the competition of the new designs. Five different types 
of turbine locomotives and as many as seven or eight Diesel- 
engine-powered units have been examined. The former does 
not seem to be of commercial value at present. The Diesel- 
engined locomotives appear to be working satisfactorily. Present 
locomotives of this type, however, are rather small and have been 
used chiefly for switching service and branch-line work. As far 
as the writer can see, the future does not hold great promise for 
this type on our present gage of track. In Russia, where a wider 
gage is used, it may be possible to build a Diesel locomotive of 
reasonable size. With the United States standard gage it would 
be necessary to couple three, four, or possibly five units together 
to obtain the work required. 

It appears that while we may not retain our present design of 
locomotive, future equipment will of necessity be somewhat 

similar. Of all experimental engines examined none promises 
such good results as our own old-fashioned American locomotive 
type. Three cylinders may be adopted, compounding may follow, 
and undoubtedly higher pressures than are common today will 
eventually be employed, but a great deal of work will be 
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done with the ordinary American type for a great many years. 


Tue AvtHor. It is interesting to find that those discussing 
the paper are so nearly in agreement with the author. Mr. 
Oatley’s information regarding the Schmidt-Henschel locomotive 
with double-pressure boiler is a valuable record of the perform- 
ance of a locomotive that deserves very careful study from any 
designer who is out for the highest possible cylinder efficiency. 


Since the paper was written the author has had the privilege 
of riding on this locomotive and as a result is able to contirm 
Mr. Oatley’s statements. Mechanically the German locomotive 
seems to do all that its designers expected, and where fue! js 
expensive it will make a strong claim for consideration. There 
may be some question, however, as to whether for general service 
the greater first cost and maintenance will not offset the possible 
saving in fuel. 
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Back Pressure and Cut-Off Adjustment 
For the Locomotive 


This subject is discussed from the operating standpoint only. 
The author presents data showing the indicated horsepower, the 
steam consumed, and the dry coal fired as functions of the back pres- 
sure. He points out that for each locomotive there is a certain back 
pressure al which maximum power can be obtained at the lowest cost. 
He advocates a method to determine the best back pressure experi- 
mentally, and the use of back-pressure gages for the guidance of the 


locomotive engineers. 


ACK pressure, as generally understood in connection with 
the locomotive, may be defined as the pressure of the ex- 
haust steam in the exhaust ports in the cylinder saddle of 

the locomotive. It has been studied for years in connection with 
the design of details of the locomotive to the end that it might 
be reduced to a minimum in the interest of economical operation 
and increased capacity. 

About three years ago, a use for back pressure in the operation 
of the locomotive was developed. This development followed 
a demonstration of the fact that the back pressure could be used 
to indicate the length of cut-off that should be used to obtain 
maximum power from the locomotive and also to avoid the waste 
of steam and fuel that would result from the use of an unneces- 
sarily long cut-off. These two viewpoints, that of the designer 
and that of the operator, should not be confused. It is from 
the latter standpoint only, presuming that the locomotive has 
been properly designed, that back pressure and cut-off are con- 
sidered in this paper. 

The first complete demonstration of the principles involved 
with which the author is familiar is contained in a paper pre- 
sented by R. W. Retterer before the International Railway Fuel 
Association at their meeting in May, 1925, and published in the 
Proceedings of that association. In that paper it was demon- 
strated that the power that could be obtained from the cylinders 
of any particular locomotive was limited to a certain definite 
maximum at any speed high enough to obtain that power, and 
that when the cut-off was so adjusted that this maximum cylinder 
power was obtained, the same back pressure was obtained at 
all speeds. The cylinder power is limited because the further 
extension of a cut-off already long enough, although it raises the 
top line of the indicator card and increases the area to that 
extent, also raises the bottom line of the indicator card and 
decreases the area to the same or perhaps a slightly greater ex- 
tent; all because of the increased back pressure due to the 
greater amount of steam that must pass through the blast 
nozzle. 

Mr. Retterer’s paper also described an experiment with a 
locomotive equipped with a gage in the cab to indicate the 
the back pressure. The piping connecting this gage to the ex- 
haust ports of the locomotive was provided with a uniflow fitting. 
This locomotive and a certain train were run six times up a cer- 
tain grade for a distance of 10,000 ft. The cut-off was kept 
so adjusted on each run that back pressures of 10, 12, 13, 14, 16, 
and 20 lb. per sq. in., respectively, were maintained on the 


Wo Engineer, Locomotive Feedwater Heater Dept., 
AS angton Pump & Mchy. Corp., Philadelphia, Pa. Mem. 
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back-pressure gage. A maximum speed of 27 miles per hour 
was obtained on the run with 13 lb. back pressure, and maximum 
speeds of practically 24 miles per hour were obtained on the runs 
with 10 and with 20 lb. back pressure. The greatest power 
must have been obtained with 13 lb. back presssure and less, 
but about the same power with both 10 and 20 lb. back pressure. 
The total steam used on the 10,000-ft. run was about the same for 
10, 12, and 13 Ib. back pressure, but for back pressures above 
13 lb. the total steam used increased practically in proportion 
to the increase in back pressure. From this experiment it must 
be concluded that any cut-off which resulted in a back pressure 
of less than 13 lb. did not realize the full possible power of the 
locomotive, while any cut-off which resulted in a back pressure 
greater than 13 lb. meant less power developed and more steam 
consumed—with the chance that the boiler pressure might 
drop and the train stall. 

In order to determine more definitely the relation between 
back pressure, indicated horsepower, steam consumption, and 
fuel burned, use has been made of the bulletins published by the 
Pennsylvania Railroad System from their Locomotive Test 
Plant at Altoona, Pa. In Fig. 1 these items have been plotted 
as taken from the bulletin, dated 1915, which reports the test 
of a P.R.R. standard Mikado, type L-1s locomotive which had 
the usual standard injector equipment. 

Referring first to the solid-line curves marked “injector,” 
it is noted that: 

1 The i.hp. reaches a definite maximum of 2750, beyond which 
no further increase in power is to be expected, and when this 
maximum is reached the back pressure is 16 lb. 

2 The fact that the various points indicating i.hp. fall so 
close to a smooth curve indicates that maximum power is obtained 
when the cut-off is so set that a back pressure of 16 lb. is obtained, 
at least for all the speeds at which tests were made at this power. 
It might be expected that more power would be developed with 
the same back pressure at higher speed and shorter cut-off; 
in fact, the points plotted show a slight tendency in that direc- 
tion, and in some other plots that had been made this tendency 
is more pronounced. The points for 100 r.p.m., it is true, are 
well below the curve, but the points for 80 r.p.m. which have not 
been plotted fall almost exactly on the curve. Even if it is 
concluded that, with the same back pressure, more power is devel- 
oped at higher speed and shorter cut-off, it still remains true that 
the points plotted indicate that the maximum power for each 
speed is obtained at one and the same back pressure, and the 
usefulness of back-pressure indication of proper cut-off to obtain 
maximum power is not lessened. 

3 The curves ‘“‘steam to engine” and “dry coal fired per hour”’ 
also show points falling quite close to a smooth curve, and steam 
and fuel consumption increasing at a rapid rate as the back 
pressure which represents maximum power is reached. 

It is doubted whether locomotives are operated on the road 
for any very long periods at the excessive rates to which they 
are forced on the test plant, principally because of the diffi- 
culty in maintaining steam pressure. It is noted also that the 
last 100 i.hp. developed require 7000 Ib. of steam and 2400 lb. of 
coal per hour, and are obtained at an almost prohibitive cost. 
These two features seem to indicate that, instead of attempting 
to obtain the outside maximum cylinder power possible through 
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the use of a cut-off resulting in 16 lb. back pressure, it might be 
advisable to use a slightly shorter cut-off, resulting in, say, 13 lb. 
back pressure, with the assurance that the boiler pressure would 
be maintained and with the avoidance of the expenditure of so 
much more fuel to obtain just a little more power. Here, then, 
the engineer should be instructed to keep the cut-off so adjusted 
that a back pressure of 13 lb. is obtained whenever maximum 
power is desired. A shorter cut-off, indicated by a back pressure 
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Fig. 1 Data From PENNSYLVANIA Locomotive TEsT 
PLANT 
(Bulletin No. 28, Pennsylvania Railroad Co. L-ls Mikado Locomotive.) 


of less than 13 lb., would not realize the full possible power of the 
locomotive. A longer cut-off, indicated by a back pressure 
of more than 13 lb., would not realize any more, but probably 
somewhat less, power developed. More steam would pass 
through cylinders, more fuel would be burned and this additional 
fuel wasted, and with a cut-off much too long the capacity of the 
boiler might be exceeded and the steam pressure drop. 
Question naturally arises as to when or under what oper- 
ating conditions of the locomotive back pressure can be made 
useful in its indication of the proper adjustment of the cut-off. 


There are roughly four different conditions of operation on 
the road to be considered as concerning the adjustment of the 
cut-off: 

1 Drifting, when the length of cut-off is determined by me- 
chanical and not economic conditions. 

2 Light power, when the cut-off should be as short as smooth 
operation of the locomotive will permit and the speed con- 
trolled by the throttle and the length of cut-off again dictated 
by mechanical conditions. 

3 Medium power, when the throttle should be full open 
and the speed controlled by the adjustment of the cut-off, 
The length of cut-off is dictated by the speed required, the 
steam is used economically, and nothing further is needed to 
assure the use of a cut-off of proper length. 

4 Maximum power and powers approaching the maximum, 
when the throttle should be full open and the cut-off only as 
long as is necessary to secure the maximum cylinder power, 
It is under this condition alone that the back-pressure gage 
can be of use as an indication of the best adjustment of the 
cut-off. Modern conditions have required the operation of 
locomotives at maximum or near maximum powers a large 
portion of their time on the road. The back-pressure gage 
should be of great assistance in meeting this requirement. 

Incidental advantages of the back-pressure gage at powers 
other than maximum have already been noted, but these are 
generally foreign to the determination of the proper adjustment 
of the cut-off and the economic operation of the locomotive. 

Now that there are over 5000 locomotives equipped with 
feedwater heaters in service in the United States and Canada, 
the indications of the back-pressure gage with the feedwater 
heater in service demand consideration. The same or prac- 
tically the same length of cut-off is required for the same power 
developed by the heater locomotive and by the injector loco- 
motive, but the back pressure on the heater locomotive is lower 
because of the exhaust steam taken by the heater to heat the 
feedwater. No tests have been made on the test plant and, as 
far as the author is advised, no tests have been made on the 
road showing comparable data on heater and injector operation 


. of the same locomotive at powers approaching the maximum for 


the cylinders. It has therefore been necessary to calculate 
the relation between back pressure and i.hp. for the heater 
locomotive. This relation is shown by the dotted curve of 
Fig. 1. In laying out this dotted curve it was assumed that 
for the same power developed the back pressure obtained would 
be that corresponding to 15 per cent less steam than is shown 
by the “steam to engines” curve, inasmuch as approximately 
15 per cent less steam would pass through the blast nozzle of 
a heater locomotive with water at the temperature of the water 
used in this particular test-plant test. 

It is noted from the curves that the maximum cylinder power 
of 2750 i.hp. is obtained with the heater locomotive with a cut- 
off which results in 12 lb. back pressure as compared with 16 
lb. back pressure for the injector locomotive, and that this 
cylinder power could be maintained with the heater locomotive 
because it requires 8200 Ib. of coal burned per hour, whereas 
the same power could not likely be maintained by the injector 
locomotive because it requires the burning of approximately 
11,000 lb. of coal per hour. Greater sustained maximum power 
is possible because of the feedwater heater. The back-pressure 
gage, properly used, offers the same assurance that this greater 
sustained maximum power will be obtained from the heater 
locomotive that it presents for the obtaining of maximum power 
from the injector locomotive. 

It is a well-known fact that there is a tendency to operate loc” 
motives by “the sound of the exhaust,” this sound at least 
influencing the engineer’s judgment in the adjustment of the 
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cut-off. If a heater is applied to a locomotive and the loco- 
motive operated with the cut-off so adjusted that the exhaust 
sounds the same as it sounded previously with the injector, 
then the back pressure must be the same and, consequently, 
the same amount of fuel is burned with the heater as with 
the injector. One result would be obtained with such operation 
at medium powers of the locomotive and a quite different result 
at maximum or near-maximum powers. Referring to Fig. 1, 
it will be noted that at medium powers more power will be 
developed with the heater, which, with the same tonnage, will 
appear as increased speed. The same amount of fuel is burned 
but more power is obtained, and the heater is used to increase 
the capacity of the locomotive rather than to save fuel. At 
maximum or near-maximum powers, however, with the same 
sound of the exhaust and the same fuel burned, the same power 
would be developed. For example, referring again to Fig. 1, 
with 14 lb. back pressure, 2700 i.hp. would be developed and 
9600 Ib. of coal burned, both with the heater and with the 
injector. The saving in fuel obtained from the heater is can- 
celled by the unnecessarily large amount of steam supplied to 
the cylinders due to the use of entirely too long a cut-off with 
the heater. The back-pressure gage can be used to determine 
and demonstrate this lower back-pressure necessary with the 
heater if full advantage is to be taken of the heater. 

Since a considerable number of exhaust-steam injectors are 
in service, an attempt was made to develop the relation be- 
tween back pressure and power developed with them, but too 
many assumptions are necessary. These injectors are generally 
so selected as to size that the ordinary working rates of the 
locomotive are above their minimum capacity and the maximum 
capacity of the locomotive is then generally above their maxi- 
mum capacity. Furthermore, the amount of exhaust steam 
that can be used by the exhaust-steam injector varies with 
the capacity at which it is worked, and the amount that is used 
varies with the adjustments made. The reduction in back 
pressure with the exhaust-steam injector in service is therefore 
a variable quantity that would make it difficult to interpret 
the readings of the back-pressure gage as an indication of cut- 
off adjustment. 

It is evident from all of the above that if back pressure is 
to be used to secure proper operation of the locomotive as to 
cut-off, then some method must be developed to determine 
experimentally the best back pressure, i.e., the back pressure 
which results from the shortest length of cut-off that will develop 
the maximum power that can be maintained with each railroad 
class of locomotive when the speed is high enough to obtain that 
power. The method most used to date has been that of opera- 
tion by an expert whose judgment is depended upon to deter- 
mine the best back pressure. The method used by Mr. Retterer 
as described in his paper submitted to the International Railway 
Fuel Association, and briefly in this paper, obtains more exact 
information. Where a locomotive has been tested on the test 
plant the best back pressure can be determined by the method 
Suggested in Fig. 1. Where a dynamometer car is available 
or in use for other purposes, simultaneous readings of the back 
Pressure and drawbar horsepower developed could be plotted and 
the minimum back pressure, and therefore minimum steam 
consumption for maximum drawbar horsepower, thus ob- 
tained. 

By these methods the best operating cut-off is determined for 
each class of locomotive. The back-pressure gage supplies a 
permanent record of this best operating cut-off and makes it 
Possible to reproduce it in every-day operation on the road with 
the assurance that maximum power when required will be 
immediately obtained, and that without the supply of unneces- 
‘ary steam and consequent waste of fuel. 
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The ‘position of the reverse lever’? has been appreciated 
as a very important factor in the operation, and particularly 
the economic operation of locomotives. The individual per- 
formance of the engine men varies widely both in the handling 
of the locomotive and in fuel consumption. Railway Age 
of June 19, 1926, reported some tests of individual performance 
on the Union Pacific Railroad and stated: 

On analyzing the results, it was found that the individual perform- 
ance of one of these enginemen when compared with the other nine 
as a group showed a saving in fuel per thousand gross ton-miles of 
17 percent. The tests also showed that in this group of nine engine- 
men there were individuals falling as much as 30 per cent below the 
best man. * * * * * * * one or two enginemen were found whose 
performance was such that it could scarcely be improved, while one 
individual engineman was found using as high as 45 per cent more 
fuel per 1000 gross ton-miles than was demonstrated by the test to 
be necessary. 

Such wide variations in individual performance are not at 
all unusual. Of course, condition of equipment, weather, etc. 
must be considered, but Mr. Retterer’s experiment and Fig. 1 
indicate that the individual habit in the adjustment of the 
cut-off can and must be largely responsible for these very wide 
variations. The essentials necessary for good cut-off adjust- 
ment can scarcely have been appreciated in the past since many 
locomotives are supplied with reverse-lever quadrants with 
notches so coarse that it is impossible to make the fine adjust- 
ments of the cut-off which have been demonstrated to be neces- 
sary. It is evident that something better and more exact 
than the judgment of the enginemen is needed to indicate 
the best adjustment of the cut-off in order that this adjust- 
ment may be made exactly and quickly. The back-pressure 
gage properly used should fill this need. 


Discussion 


E. 8. Pearce.? The theoretical soundness of back-pressure 
regulation as a means of accurate cut-off adjustment has been 
very definitely established by Mr. McBride. 

An investigation of the operation and development of this 
principle, as carried on for some eight years, might clearly in- 
dicate that a full realization of the benefits reasonably to be 
anticipated cannot be obtained through the medium of back- 
pressure gages located in the cab to which back-pressure steam 
is conveyed from the exhaust passages of the cylinders. Con- 
clusively, neither the gage, the cut-off adjusting means, nor the 
engineman are accurate, dependable or constant. 

The regulation of cut-off to any constant back pressure must 
be done within a total range of 1'/. lb. of the constant. The 
indicating means must be free of pulsations, yet it must not lag 
behind changes in the cylinder exhaust. 

Gages subject to pulsations deteriorate rapidly and become 
inaccurate. Choking the pressure line to protect gages retards 
transmission of changes with proper rapidity, and therefore 
adjustments are not in keeping with cylinder exhaust conditions. 
The gage, under any condition, is inaccurate because of the hy- 
draulic head of condensed steam in the back-pressure pipe. The 
gage in the cab may be four to eight feet higher than the cylinder. 
Condensed steam, which exists in a greater or lesser degree, 
produces a hydraulic head of varying amount, which the cylinder 
exhaust pressure must sustain, and the gage indicates the differen- 
tial, not the cylinder exhaust pressure. 

The reversing mechanism, for either manual or power opera- 
tion, generally in use on locomotives has not been designed or 
applied with the idea of obtaining accuracy of adjustment or 
positive holding power necessary to produce or maintain cut-off 
settings of the required fineness. 


2? President, Railway Service & Supply Co., Indianapolis, Ind. 
Mem. A.8.M.E. 
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Finally, the engineman, who must provide the additional mental 
and physical effort over his now customary operation, is quickly 
aware of the inadequacy of the means provided, and regardless 
of his belief in and desire to follow the principle of back-pressure 
regulation of cut-off, he soon gives it up. 

In addition, on modern locomotives, under existing conditions 
of operation, the engineman has not the time constantly to follow 
such an absorbing duty in addition to those already imposed upon 
him. 

Confronted with these limitations and at the same time ap- 
preciative of the ultimate possibilities of practical application of 
the theory described, there has been developed and put into 
successful operation a mechanism for installation on the engine, 
actuated and responsive to back pressure, which without effort on 
the part of the engineman provides the locomotive with a self- 
regulating means of adjusting cut-off to constant back pressure. 
This device is so designed that at will the engineman may set 
the engine to operate at any one of three back pressures, the 
purpose of this being to provide for locomotive operation subject 
to three of the four conditions cited by Mr. McBride. 

In operating a locomotive with this device the engineman, for 
maximum power, turns a lever to that back-pressure index 
established for maximum capacity. For medium power a 
pressure lower than the maximum is obtained by the engineman’s 
turning to the equivalent setting, and for light power, a pressure 
setting less than that for medium. 

There are in service in this country a considerable number of 
locomotives employing the mechanical device above described, 
which virtually adjust their own cut-off instantly to existing 
conditions of speed, load, and steam-admission pressure. 

Operation of these engines has resulted in very interesting 
data as to the possible improvement in economy and capacity 
to be obtained on existing locomotives. 

One instance of an operating division has shown that under 
identical operating conditions, with 93 per cent of the engines 
equipped to regulate their own cut-off, the 1000 gross ton-miles 
per hour were increased 30 per cent with practically the same 
gross tons per train. In this instance the capacity of the engine 
was utilized in speed. 

In another instance, with a locomotive operated with this 
device over a 30-mile division, having the same train back- 
hauled for hand-operation test, and all operating conditions 
identical, a fuel performance with one engineman of 140 pounds 
of coal per 1000 gross ton-miles, as against 120 for the machine, 
was obtained. Another similar test showed 118 pounds of coal 
per 1000 gross ton-miles for the machine as against 132 for hand 
operation by the engineman. This is an instance of utilizing 
the machine purely for fuel saving with tonnage, time, and all 
other conditions being the same. 

In some recent tests on another railroad where the same loco- 
motive was operated over the division by various enginemen in 
hand operation, alternating with machine operation, an average 
saving in coal of over 20 per cent per 1000 gross ton-miles was 
shown in favor of the machine. 

These economies are not surprising as it is recognized by rail- 
road operating officials that there is easily a difference of 10 to 
20 per cent between the performances of their best and their 
average enginemen, and a greater difference between their best 
and their poorest. If a machine did no more than operate all 
locomotives as good as the best engineman, there would be a con- 
siderable element of economy. 

It must be further recognized that generally in freight service 
every-day train loadings are not those established by test, or by 
what the best engineman can handle, but are nearer the tonnage 
which can be safely taken over the railroad by the poorest en- 
gineman. 


The following statements were made by A. W. Bruce, De- 
signing Engineer of the American Locomotive Company, before 
the Western Railroad Club: 

A railroad is nothing more than a commercial manufacturing 
plant, the only product of which is transportation, and in which the 
locomotive is the only direct revenue-producing unit. 

The writer realizes perfectly the enormous amount of capital 
represented in motive-power equipment. What other manufactur. 
ing industry, however, could be carried on competitively, using con- 
tinuously machines twenty to twenty-five years old in the ma 
facture of its product? 

Mr. Bruce's statements are very significant, and to them may 
be added the thought that the locomotive, which is the produc- 
tive earning unit of the railroad, is still operated, so far as steam 
utilization is concerned, by manually controlled rule-of-thumb 
methods. It is not unreasonable to suppose that elimination of 
the personal equation by mechanical means should be as pro- 
portionately economic in this field as it has been in many others. 


W. E. Symons.* Although ready at any time to defend the 
modern equipment of the American railroads, particularly our 
locomotives, the writer is perfectly willing to admit that effi- 
ciencies are not as great as they might have been had certain 
details been given the attention they deserve. One in particular 
is back pressure on the pistons. There are thousands of |oco- 
motives running today with back pressures on the pistons of 
from 8 to 15 lb. which should be running with less than 6, and 
some less than 5—around 4. The effect is equivalent to th: 
sticking of brakes, and the resultant loss of power has cost thy 
railroads of this country vast sums of money. This effect car 
be eliminated and without putting back-pressure gages in the cal 
Although they are splendid indicators, why apply some specia 
device at a considerable expense to remedy a thing that we know 
exists and for which there is a plain, common-sense remedy with- 
out these special gages in the cab? 

The writer has ridden on a four-cylinder locomotive representa 
tive of common European practice, at a speed of 100 kilometers 
(about 62 miles) per hour. This engine was equipped with 4 
double valve gear so as to permit adjustment of the admussior 


of the steam to the cylinders and also to control the back pressur 
of the pistons. By a slight change in the valves controlling th 


exhaust steam from the low-pressure cylinders, and withou' 
admitting an ounce more of steam from the boiler, the engin 
accelerated from 15 to 20 miles in speed. That is a fair indicatior 
of what ean be done with American locomotives. 

A ten-wheel locomotive built by the American Locomotis 
Company, reputed to have attained a speed of 120 miles p 
hour, had a back pressure on its pistons of less than 5 pounds 
If the pressure had been as great as in the average passong 
locomotives in America it would never have made more ths 
80 miles per hour, and probably less. It is difficult to under 
stand why, with all the ingenuity that has been brought to bea! 
in designing locomotives and purchasing saving deviews. th 
engineers have not applied themselves more diligently 
effectively to facilities for regulating the exit of the steam fre: 
the cylinders. 


A. I. Liperz.t The writer regrets that he cannot agree with 
McBride's theory as to back pressure and cut-off adjustmen' 
although it must be admitted that the now popular trend 
equipping locomotives with back-pressure gages can be 0! § 
practical value in some instances. 

3 Associate Editor, Engineering Publications, Angus Sinclair Pu® 
lishing Co., New York, N. Y. Mem. A.S.M.E. 

4 Consulting Engineer, American Locomotive Co., Schenect®® 
N. Y., Non-resident Professor of Locomotive Engineering, Pur 
University, Lafayette, Ind. Mem. A.S.M.E. 
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De- In order to make clear the remarks which follow, several mass Fig. 2 shows the back pressure as a function of both cut-off in 
fore diagrams of results obtained from Altoona tests with the well- per cent of stroke and speed in revolutions per minute. Fig. 3 
known Ils locomotive of the Pennsylvania Railroad will be gives the indicated horsepower of the locomotive in relation to 

ie the same two variables. Fig. 4 shows the fuel consumption in 


pounds per indicated horsepower-hour. The three mass dia- 
grams refer to full throttle opening. It can be seen that the 


or back pressure goes up slowly with the speed at short cut-offs, 
a and with the cut-off at low speeds, but as both speed and cut-off _ 
increase simultaneously the back pressure goes up very rapidly — rs 
this resulting in a surface of a more or less hyperboloidal form. 
may As regards the horsepower the variation is reversed. It is more 
due- pronounced at low speeds and short cut-offs and drops down as 
‘eam both speed and cut-off go up, resulting in a surface of an ellipsoidal! 
mi form with a distinct maximum value. The consumption of fuel 
of 
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that is more or less uniform when the horsepower is low, but increases 
y al rapidly with the increase of output. Page” 
1 fro: Two ordinary charts also are shown which give the variation in i. 

drawbar pulls in relation to speed (Fig. 5), and the equivalent © | 
evaporation of water as a function of the amount of coal burned wa a 
th Mr: in the firebox (Fig. 6). They are taken from Test Bulletin No. 7 a 
ment 32 of the Pennsylvania Railroad. All the mass diagrams and a 
end charts refer to sustained conditions of locomotive performance. hoa 
of § By comparing the figures shown in the mass diagrams it can 
be seen that in one case an output of 3500 horsepower can be 
ie Pub obtained at 50 per cent cut-off and 120 r.p.m.; the back pressure 
; will then be 13 lb. per sq. in. (all pressures above atmosphere). 
ectad) Presented. These tests were chosen for the reason that Mr. As can be seen from the accompanying chart, the engine under 
Purdy McBride refers to them in his paper, although the writer prefers these circumstances will develop a drawbar pull of about 52,000 
4 more modern locomotive than the Ils. The mass diagram of lb. If the train tonnage and profile are such that this exceeds ’ 
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the train resistance, the speed of the locomotive will go up, and 
if it should reach 160 r.p.m., the power developed at the latter 
speed will be 3680 horsepower and the back pressure will go up 
to 16 lb. per sq. in.; the fuel consumption also will change from 
3.1 to 3.9 Ib. of coal per indicated horsepower. Such a per- 
formance may not be considered economical, but disregarding 
for a moment the thermal efficiency of the locomotive, it will be 
seen that a greater horsepower was obtained at a higher back 
pressure and, consequently, a back pressure of 16 lb. per sq. in. 
must be allowed, if such a speed on a grade is required. 

On the other hand, suppose that when the engine is developing 
a drawbar pull of 52,000 lb. with 50 per cent cut-off at 120 r.p.m. 
the grade changes and the engine driver may wish to retain the 
speed. If he should attempt to increase the cut-off to 55 per cent, 
the back pressure will go up from 13 to 17 lb. per sq. in., reaching 
probably 16 lb. per sq. in. at somewhere between 50 and 55 per 
cent cut-off. But as can be seen from the mass diagram he 
can gain nothing from that as the power remains almost constant 
and, as the tractive effort has gone up, the speed will drop. It 
can be seen, therefore, that the back pressure is a function of the 
combination of cut-off and speed, and it cannot be stated that the 
maximum power is obtained at a constant back pressure for all 
speeds. 

It is true that the back pressure at maximum power varies very 
little. This is simply due to the fact that when the locomotive 
approaches its maximum output the possibility of varying speed 
and cut-off becomes very slight. A locomotive does not develop 
its maximum power at low speeds no matter how big a cut-off is 
used. Neither does it develop its maximum power at high speeds 
with short cut-offs. The engine will therefore most of the time 
have a back pressure of 3 to 7 Ib. per sq. in. Maximum power 
is obtained only when both long cut-offs and high speeds are used, 
and consequently the back pressure must be near the maximum 
and cannot vary greatly. This may lead to an impression that 
the back pressure is constant at maximum power, but, as has 
been shown above, it cannot be considered so. 

The above-mentioned 16-lb. back pressure permitted burning 
3.9 X 3680 = 14,352 Ib. of coal per hr., or, as the grate area of 
the locomotive is 70 sq. ft., 205 Ib. per sq. ft. per hr. Such a 
rate of firing is very wasteful, and it would be more advisable 
to reduce it to 100 Ib. per sq. ft. per hour, or even less, in order 
to obtain higher boiler efficiency (see equivalent evaporation 
chart). Then, if a marimum back pressure of 7 Ib. per sq. in. 
is ruled, the engine driver may choose between two combina- 
tions—50 per cent at 80 r.p.m., and 40 per cent at 120 r.p.m. 
The back-pressure gage will give him no indication as to which 
of these two combinations to use, but an experienced driver will 
choose in accordance with requirements of traffic—tractive 
effort and speed. In one case he will get higher drawbar pull; 
in another, higher speed and power, although the back pressure 
remains unchanged. 

The limitation of back pressure to 7 lb. per sq. in. means in 
this case only that the tonnage and speed should be such as to 
require no more than 2915 horsepower. If the train is heavier, 
or the time table requires higher speed, the driver will have 
to go to higher back pressures. 

This reasoning applies, as stated above, to sustained conditions 
of locomotive performance. Performances corresponding to 
those given by the diagrams may go on indefinitely, but it is 
possible for short periods to overload the locomotive and to make 
use of a portion of the heat energy stored in the hot water in the 
boiler. The steam pressure may for a certain period of time re- 
main unchanged, but the water level will drop. For short dis- 
tances this can be permitted, and then higher cut-offs at higher 
speeds can be used and still higher back pressures will be ob- 
tained without doing any harm to the locomotive. While it is 


true that this may result in consumptions of fuel of over 4 lb. of 
coal per i.hp-hr., this will not amount to much if the periods are 
short, and it may still be more economical for operation over the 
whole division to overload the locomotive over a short stretch 
of track. The constant-back-pressure theory would do harm in 
such a case, but the maximum pressure indication may be of 
some practical value. This can be determined only by experien: 
or special tests. 

If, however, the engine driver should tax the boiler still heavi: 
a drop in boiler pressure will take place and the conditions 
locomotive performance will become unstable. The draw! 
pull will correspondingly drop and the storage capacity of 1!) 
boiler will soon become exhausted. This should never be at- 
tempted in proper handling of a locomotive, but it happens very 
often when a heavy train is too rapidly accelerated from rest to 
a high speed, just before a heavy grade, and stalling of the loco- 
motive results. These are the tests which were made by Mr 
Retterer to which Mr. McBride refers, and the practical value of 
his conclusions is that such manipulations should not be per- 
mitted, and in order to avoid them back-pressure gages should 
be used. This is quite a different matter and cannot be cvr- 
roborated by referring to Altoona tests which were made entin 
on a sustained-operation basis. The same purposes can he 
served by watching carefully the steam gage, or the speed 
indicator, but a back-pressure gage may give a more tim 
warning to the inexperienced engine driver. It cannot 
though, of such universal service as described in Mr. McBride's 
paper. 


H. B. Oatiey.’ It is, of course, well-known that through ' 
use of feedwater heaters, as well as exhaust-steam injectors. a 
portion of the exhaust steam is utilized for the feedwater heating 
The effect in the locomotive cylinder, therefore, is that rf 
partial condensing operation and results in a very desiralle 
decrease in the back pressure on the pistons through the entir 
range of operation. 

In considering the reduction of back pressure, although i' is 
not suggested in the paper, there is an opportunity for impr 
ment in providing ample exhaust passages. This is a fea’ 
that is, of course, well known to the locomotive designers. anda 
great deal of progress has been made in recent years. In ‘his 
same connection, the query has often arisen as to why steam- 
chest valves might not be made with double exhaust ports 
There is much less difficulty in getting the steam into the 
than there is in getting it out, and it would seem that the dou! le- 
ported exhaust valve should have advantages of moment us 4 
means of reducing the back pressure. 


Tue AvctHor. Mr. Pearce, in his discussion, accepts 
theoretical soundness of the use of back pressure to s 
proper adjustment of the cut-off, but advocates a mec! 
device to set the cut-off rather than dependence on the engine 
man and his attention to the back-pressure gage. 

The paper was intended primarily to establish the prit s 
involved and considered the back-pressure gage as a mans 
through which these principles could be put into effect. Without 
doubt a mechanical device could and would adjust the cut 
more promptly and more accurately than could the engi: : 
depending on the gage, but whether the mechanical device 
gage will be the better will doubtless develop with time 

The results obtained from the mechanical device as re; 
by Mr. Pearce in his discussion are certainly an endorsem: 
the general principle of the use of back pressure either to a()us* 


* Vice-President, in Charge of Engineering, The Superheater 0. 
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or to indicate the proper adjustment of the cut-off and its pos- 
sibilities. 

Mr. Symons, in his discussion, considers back pressure from 
the standpoint of the designer of the locomotive, a most im- 
portant item mentioned in the first paragraph of the paper. 
Considered from this standpoint the back pressure should be as 
low generally as proper combustion of the fuel will permit; 
the back-pressure gage can be of little value, and Mr. Symons 
naturally concludes that there is no need for it. However, after 
the locomotive has been properly designed and turned over to the 
operator, the back pressure can then be used as a valuable as- 
sistance in operation. While, therefore, the importance of a 
low back pressure generally, as a matter of the design of locomo- 
tives is fully appreciated, the paper treats of an entirely different 
subject; that is, of the subsequent use of a specific back pressure 
in the operation of locomotives under certain operating conditions. 

Mr. Oatley raises the question of the area of the exhaust ports, 
which is quite pertinent since any increase in area of exhaust 
ports would very probably lower the particular back pressure 
indicating maximum cylinder power, and also result in a slightly 
greater maximum cylinder power. However, the larger cylinder 
ports would not in any way interfere with the use of back pressure 
to indicate the proper adjustment of the cut-off for maximum 
cylinder power, but merely result in the use of a lower back 
pressure as the indication of that power. 

Mr. Lipetz has submitted a very valuable contribution and 
does not agree with the author's conclusion. Unfortunately, 
however, he has used data from tests of a quite special locomotive, 
which tests were conducted only under conditions 1, 2, and 3 listed 
in the paper, whereas it is demonstrated in the paper that back 
pressure as an indication of proper adjustment of the cut-off 
ean be of use only under condition 4; that is, where maximum 
cylinder power is desired. It is only natural, therefore, that 
Mr. Lipetz, because of the test data he has used, should not reach 
the same conclusion. 

The quite special locomotive, the test figures of which were 
used hy Mr. Lipetz, was designed for a special purpose which it 
has accomplished, but not for speeds high enough to develop 
the maximum power from its very large cylinders. Had this 
locomotive been designed for and tested with longer cut-off 
or higher speed or both and thus been representative of practically 
all other of our locomotives, then Fig. 3 submitted by Mr. 
Lipetz gives a good idea of what would happen. From the gen- 
eral trend of Fig. 3 it is evident that when extended to higher 
speed and longer cut-off, the top surface of the figure must flatten 
out at a level slightly under 4000 horsepower. Fig. 3 therefore 
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demonstrates that slightly less than 4000 horsepower is the 
maximum power that can be obtained from these particular 
cylinders at any combination of cut-off and speed. Fig. 3 
therefore confirms the author’s Fig. 1 in its demonstration of 
the fact that the power that can be obtained from any particular 
cylinder, nozzle, and steam pressure is limited to a certain definite 
maximum. The back-pressure gage indicates when this maxi- 
mum has been reached. When properly used the back-pressure 
gage prevents attempts to obtain more power than this maxi- 
mum, i.e., the use of too long a cut-off with the consequent waste 
of steam and fuel, and also assures that this maximum will be 
obtained when desired because of its indication of the cut-off 
that should be used to obtain it. 

The locomotive from which the test figures used by Mr. 
Lipetz were taken comes within the reservation made in the paper 
to the effect that “with the same back pressure more power is 
developed at higher speed and shorter cut-off,” and in this differs 
from the locomotive the test data of which were used in plotting 
the author’s Fig. 1. However, an investigation of the test data 
of the special locomotive indicates that “the maximum power for 
each speed is obtained at one and the same back pressure, and the 
usefulness of back pressure indication of proper cut-off to obtain 
maximum power is not lessened.” 

Fig. 1 of the author’s paper was plotted from test data ob- 
tained from test of the Pennsylvania Railroad Mikado Lls. It 
is acknowledged that the Lls is not as modern a locomotive as 
the Ils but it is believed that the Lls well represents the ma- 
jority of freight locomotives in this country and also all passenger 
locomotives as far as back pressure and cut-off adjustment for 
maximum cylinder power are concerned. 

Present-day tendencies are leading more and more toward the 
more frequent requirement of maximum power from the locomo- 
tive. With the back-pressure gage or its equivalent and the 
consequent assurance that maximum cylinder power can be im- 
mediately and accurately obtained when required, locomotives 
will be loaded and speeded to a point where maximum cylinder 
power will be required of them even more frequently, and the 
need for the back-pressure gage or its equivalent will become more 
pronounced. 

The author appreciates the valuable discussion which has been 
submitted and hopes that the paper, together with this discussion, 
will lead to a further study and a better understanding of the 
use that evidently can be made of back pressure to secure maxi- 
mum cylinder power when desired, and that without waste, with 
a still greater increase in the efficiency of locomotives and their 
utilization. 
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Heating and Ventilating of Passenger Cars 


The Need for Larger Steam-Heat Connections Between Cars in Long Trains; and a 
Description of the Automatically Controlled Vapor System of Car Heating 
By EDWARD A. RUSSELL,! CHICAGO, ILL. 


N THE earlier years of passenger-car construction, little 
] attention was given to car insulation or to the leakage of air 

through the crevices around windows and doors. These 
conditions permitted a natural ventilation by means of air 
currents which increased with train speed. 

Today the improved steel-car construction (including effec- 
tive insulation, elimination of crevices around doors and win- 
dows, and, in certain territories, the general use of double win- 
dows) has materially reduced the volume of air naturally changed 
even under high speed. These improvements in car construc- 
tion, brought about in the interest of economy and comfort, 
make artificial ventilation necessary. 

All exhaust ventilators now in use vary in capacity according 
to train speed. This variation is admittedly too great as be- 
tween a car at high speeds and one standing still. It is also 
a fact that in passenger cars, even at reasonably high speeds, 
there will be ‘‘dead-air’’ spots, generally about midway between 
floor and deck, and at either side of the aisle, in an open-body 
car. The regulation of the exhaust capacity and the mainte- 
nance of a continuous and uniform change of air throughout the 
car, regardless of train speed or of wind direction and velocity, 
would result in increased comfort and economy. 

The number of ventilators to be applied to a car should be 
determined by the capacity of the ventilator and the maximum 
number of occupants to be carried. The Master Car Builders’ 
Association report and recommendations in 1908 showed that 
1000 cu. ft. of fresh air should be supplied per hour for each 
passenger. 

The present overheated and stuffy condition often present 
in cars standing at stations, can best be overcome by an arrange- 
ment whereby steam will be automatically shut off and a forced 
ventilation simultaneously begun whenever cars come to a stop. 
This could be further developed so that the amount of forced 
ventilation would be automatically controlled by train speed. 

An efficient ventilation and heating system requires sufficient 
fresh air admitted by proper intakes, uniformly warmed by 
an easily regulated or automatically operated heating system, 
thoroughly circulated for the comfort of occupants, and exhausted 
by properly regulated mechanical means. 

The heating of passenger cars has recently received special at- 
tention because of the difficulties that have been introduced by 
the advent of larger locomotives and the hauling of very long pas- 
senger trains. The increase of steam pressures necessary for 
car heating has rendered rubber hose unsatisfactory and uneco- 
homical for steam connections between cars. Where rubber 
steam hose is used, a maximum ef ten to twelve cars can be satis- 
factorily heated. In severe weather it is the practice on some 
toads to remove the steam hose, particularly on head-end cars, 
at the end of every trip and replace it with new hose, in order 
‘o avoid train delays due to burst steam hose. 

A most timely editorial appeared in Railway Age, January 8, 
1927, entitled “Car Heating Both Difficult and Expensive,” 
in which it was stated that “tests have shown that a modern 


' Engineer of Design, Vapor Car Heating Co. 
P. ontributed by the Railroad Division and presented at the Annual 
me New York, N. Y., Dec. 5 to 8, 1927, of THE AMERICAN 
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steel passenger car can be heated with about 2.85 pounds of steam 
per hour per degree difference in internal and external tem- 
peratures. This difference may reach 75 degrees or more, 
and in a 15-car train, therefore, 3200 pounds of steam per hour 
are required, or roughly eight per cent of the locomotive boiler 
capacity...A passenger car is essentially a room on wheels with 
a large proportion of window area, and exposed on all sides; 
and passes at high speeds through blizzards and sleet storms, and 
all kinds of inclement weather.” 

At the close of this editorial this very significant statement was 
made: “The flow of steam through two-inch pipe in train line 
is restricted in most cases, owing to the use of couplings between 
cars with only 1°/,-inch openings.” 

In a later editorial (March 12, 1927), on ‘‘Heating Long Pas- 
senger Trains,” it was stated that ‘with a maximum train-line 
pressure of 130 lb. at the reducing valve, it has been found 
impossible to heat the rear cars of a 15-car train to any- 
where near 70 degrees. Under these conditions, it has been 
found necessary to have the initial train-line pressure materially 
higher to supply steam fast enough to be carried back to the 
rear car of such a train. The utilization of high steam-line 
pressures presents a number of difficult problems in design, 
maintenance, and operation that can only be solved by consider- 
able study and experiment.” 

These two editorials indicate the problems that have to be 
met in car heating. 


Car-HEATING REQUIREMENTS 


Essentially there are three requirements for ideal passenger 
car heating: 

1 Sufficient volume and pressure of steam supply from loco- 
motive for the adequate heating of every car in train; 

2 Full-area steam passage through connections between cars, 
with minimum friction and freedom from leaks; and 

3 Correct amount, distribution, and regulation of heating 
surface in each car to heat the car economically and satisfac- 
torily under all conditions. 


LocoMoTIvE EQuIPMENT 


For a number of years a 2-in. steam train line has been used 
under passenger cars, but the source of supply from the loco- 
motive boiler is still restricted to a 1'/2-in. outlet at the stop 
valve, with even smaller area for steam passage through the 
valve. This restriction necessarily retards the volume flow 
of steam to meet car-heating demands in severe weather, par- 
ticularly on long trains. The use of a 2-in. stop valve, preferably 
of the angle type, constructed so that the valve seat lifts free from 
the path of the steam, will provide a greater amount of steam for 
car-heating purposes. 

Essentially, then, this area should be maintained in reducing- 
valve connections in all steam-heat piping on the engine and 
in all steam-heat connections between engine and tender. Tests 
made by one of the large railroads, using a 2-in. stop valve and 
a 2-in. pipe to reducing valve, showed pressures at the reducing 
valve more than 10 per cent higher than those where a 1'/2-in. stop 
valve and pipe were used with the same boiler pressure. It 
is important that the full area be obtained at the boiler outlet 
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TABLE 1 RUNNING TESTS 


a pressure loss of 5 per cent with 2-in. metallic 


Pressure Average Average eonnections. Flexible metallic connections for this 
at car Average drop in pressure pressure . 
Outside Aver- ‘steam-  tem- from head end of first car at service should adapt themselves to any motion 
temper- age heat perature, to rear of— 15th car, P 
Cimeviiona ature, speed, gage on deg. ib. per in service without restricting the steam areas. 


deg. fahr. m.p.h. loco. fahr. 5th car 10th car 


Wrra 15 Sree. Coacues 


between cars 


2-in. metallic......... -9 34 113 66 42 69.2 

1'/2-in. and hose...... 10 36 129 67.5 63.4 106.8 
Wira 15 Sree, SLEEPING Cars 

2-in., metallic........ 25 33 128 69.5 50.5 88.5 

1'/:-in. and hose...... 13 39 147 59 69.2 114.5 


50 per cent of ventilators open; from none to 50 per cent of intakes open, as required. 


12-in. metallic: 2-in. end valves, 2-in. metallic conduits, and 2-in. steam couplers. 1'/2-in. 


15th car sq. in. 


With locomotives thus equipped, including all 
2-in. piping and connections on tender, a higher 


116.8 2 6 pressure is available for car-heating purposes 
97.9 ConNEcTIONS BETWEEN Cars 

125.8 0.0 


and hose: 1'/2-in. end valves, 1'/2-in. standard steam hose, and 1'/:-in. couplers. 


The necessity for a full 2-in. steam passage 
through end valves, metallic conduits (used inst ead 
of rubber hose, which is not practical for high pres- 


COMPARISON TABLE sures), and couplers between 


cars has been proved by numer. 


] lz 
iw - 
[OY As far back as 1922 it was 
| we demonstrated in actual service 
2 tests that when changing en- 
ies \= gines at terminals, steam would 
pass to the rear of a train 
=] Test equipped with 2-in. connections 
\ 20 Coaches |» | 2 | 42] 69 | — 
© 3 ? 6 3 between cars in less than one- 
\ | | Conaluits | half the time required in a train 
4 “ot equipped with 1'/s-in. connec. 
\ | tions between cars. 
| | RUNNING 
2 14 5 Coaches} 9 | 6 | | 67 Last winter, one railroad, it 
| | 2” ¥apor an effort to heat long trains 
| | eighteen to twenty cars, removed 
5 4018 | 4 the reducing valve from the 
| | ° 
- | Q | | locomotive and applied armored 
8 | | 
1-120 Coaches 23 | |29$| steam hose to all cars so that 
| ‘| full boiler pressure would lx 
& s | available for car heating; but 
3 even with this arrangement the 
des rear cars could not be heated 
2° = Valves -2"Neta/ Conduits -2"Coupler | | 32 | 557 2 in severe weather. Two-ineb 
*/3 “Endl Yalves- Standard Rubber Hose-/3 ‘Coupler | Hose end valves and 2-in. metalli 
‘ conduits were applied, leaving 
Fic. 1 VARIATION IN STEAM PrReEssURES AT DIFFERENT Parts oF A TwenTy-Car Train Wi1TH 2-IN the 1'/,-in. couplers which hav: 


AND 1!/:IN. CONNECTIONS 


to the steam-heat line, and that the steam-heat piping on the 


locomotive be properly protected with covering. 


Of more importance than is often recognized is the pressure- 
reducing valve used in the steam-heat line on locomotives. 
The length of train and varying outside temperatures deter- 
mine the pressure and volume of steam required for car-heating 


purposes. Considering the maximum steam 


requirements 


for car heating—possibly eight per cent of the boiler capacity— 


it is important that the reducing valve should permit econom 


y 


in steam consumption under other than the maximum require- 
ments. The pressure-reducing valve, therefore, should be 
capable of adjustment to any desired pressure, and should main- 
tain that pressure without fluctuation. A most important 
feature in the operation of locomotive pressure-reducing valves 
is the item of maintenance cost and the delay to the locomotive 
while making repairs; this has been successfully overcome by 
the adoption on many roads of a reducing valve so constructed 
that the cylinder walls and piston (the principal parts which 
wear or “wire-draw’’) may be quickly renewed without removing 


the valve from the pipe connections. 


With present pressure requirements on steam-heat lines, 
rubber steam hose cannot be successfully used between the engine 
and tender and at the rear of the tender. Tests conducted 
in 1920 by the Montreal Air Brake Club showed a pressure loss 
between the reducing valve and the rear of tender of 13 per cent 
with standard 1'/,-in. steam hose between engine and tender, and 


only a 1%/s-in. gasket opening 
However, to heat the rear cars satisfactorily in extreme 
weather it was found necessary also to apply 2-in. couplers 

Another recent test indicated a pressure drop through the 
equivalent of five cars equipped with 1'/:-in. end valves 
rubber hose, and couplers which was 50 per cent greater thao 
with the 2-in. connections between cars. 

It has been found, where 2-in. metallic conduits are applied, ths' 
the saving in cost of steam-hose renewals over a period of tw 
heating seasons in northern climate will more than cover the 
entire expense of the metallic conduits. Further maintenanc 
economies will result from the use of metallic conduits constructed 
so that the gaskets and any other parts requiring renewal ca 
be changed without special tools and without removing th 
conduits from cars; and by the use of gaskets with long life- 
made possible by arranging the conduit so there is no weig!! 
or strain on the gasket under any condition of service. 

One railroad made a very exhaustive test last winter, wit! 
twenty cars standing in yards and with fifteen cars in tra! 
service, to compare the results obtained by using 1!/:-in. com 
nections (end valves, rubber hose, and couplers) and 2-in. metal 
connections between cars. Fig. 1 and Table 1, compiled fr 


this test, show conclusively the desirability of equipping locom’ 
tives and passenger cars with 2-in. steam-heat connecti® 
throughout. 

A 2-in. end valve is necessary, particularly on long tra 
and end valves should have full-area unrestricted ports 
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steam passage; should be easily and quickly operated against 
high pressures, and constructed to automatically hold the valve in 
open position to prevent train-line pressures closing the valve 
while in service. 

Steam couplers should also be of 2-in. size and should be made 
with straight port through connected couplers. A_ positive 
locking arrangement (preferably with yielding tension to com- 
pensate for gasket wear) is necessary, and 2-in. couplers must 
interchange and lock with the present 1'/;-in. couplers to permit 
their being operated with the 
present couplers during any period 
of transition to the 2-in. coupler 


Return from 
as standard. 


Heating Corts 
RADIATING SURFACE IN Cars Heating Coils 
Steam as a medium for heating 

passenger trains possesses many 

advantages over other methods, 
such as the hot-water circulating 
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Vapor SysTEM 

The most universally used system of car heating today is 
the vapor system. The vapor system consists of a number of 
properly arranged heating ooils inside a car. Live steam taken 
from the train pipe is admitted after the pressure has been 
reduced to atmospheric pressure by passing through a vapor 
regulator underneath the car. The heating pipes inside the 
car are divided into several independent coils or sections of 
radiating pipes, the number of coils and the amount of piping 
Vapor Cut-Out Valve i Open 
(for dong Position 


Vapor Regulator 


system or the electric heating 
system. In comparison with a 
hot-water system, the weight to 
be carried with a steam system is 
almost negligible; and steam has 
a decided advantage over hot- 
water in the matter of initial cost 
and maintenance expense. An- 
other important feature in favor of 
the type of steam heating system 
generally used is that there is no 
danger from injury to employees 
or passengers in case of accidents 
which might break the heating 
pipes. 

There is, of course, a special 
field for electric and hot-water 
heating systems. In strictly sub- 
urban service electrically oper- 
ated cars are heated by electricity, 
although an electric heating sys- 
tem is more expensive to operate Fic. 2 
than a steam heating system. 
For main-line passenger cars, even where hauled by electric 
locomotives, the use of steam is far more economical, more flex- 
ible in regulation, and more desirable. It is the present practice 
on practically all railroads operating portions of their lines 
electrically, to equip electric locomotives (or a special heating 
tender between the electric locomotive and the first car of 
train) with a flash boiler of sufficient capacity to supply steam 
for car-heating purposes. 

Of recent. years hot-water circulating systems of car heating 
have been used only for auxiliary heating purposes on such 
cars as diners, business cars, and a few sleeping cars that are 
assigned to service where steam is not available at ‘lay-over” 
points and where the cars must be warmed for occupancy before 
the locomotive is attached. The development of self-propelled 
railway motor coaches on many railroads has increased the 
use of hot-water systems of heating. 

The use of pressure steam-heating systems has been discon- 
tinued. They are neither safe in case of breakage of radiating 
pipes from any cause, nor economical in steam consumption. 
With pressure systems the cars in the head ends of trains were 
always overheated, and the traps were frequently frozen. While 
Steam under pressure has a higher temperature, the difference is 
of no advantage in comparison to the objections and troubles 
arising from the use of pressure heating systems. 


From Regulator To Requiator 


Discharge of Water and 
Yopor to Atmosphere 


2 DracGrRam or ConTROL AND REGULATING VALVE OF VAPOR HEATING SySTEM 


being determined by the interior arrangement of the car and its 
maximum heating requirements. Each coil or section of radi- 
ating pipes has a separate and independently operated cut-out 
valve by means of which, when the valve is open, steam at 
atmospheric pressure is diverted into its heating coil. The steam 
or condensate returns from the coil through the valve and back 
to the vapor regulator; or (if the valve is closed) the steam is 
bypassed from the valve directly to the vapor regulator, where 
the expansive diaphragm regulates the admission of steam from 
train line. 

Variations in the temperature of the steam or hot condensate 
against the diaphragm in outlet of vapor regulator determine the 
amount of steam admitted from train line through the vapor 
regulator. 

Fig. 2 illustrates the principle of the vapor-system operation. 
The “short-circuit” feature of the vapor cut-out valve keeps 
the extreme exposed outlet of the system warm at all times 
while steam is on the train line, regardless of whether any of 
the heating coils are using steam. This prevents freezing 
of the heating system. 

With a vapor system, the heating pipes inside the car contain 
only steam at atmospheric pressure. The outlet of the system 
is always open to the atmosphere, so that pressure cannot 
build up in the heating pipes. 
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The temperature of steam at atmospheric pressure is 212 
deg. fahr. at sea level and the heating pipes in all cars equipped 
with a vapor system are at the same temperature regardless of 
varying train-line pressures at the head end or rear of trains. The 
temperature of the steam or condensate at the outlet of a vapor 
system determines the amount of steam admitted through the in- 
let of the vapor regulator. A vapor system is thus economical 
in steam consumption, because only the steam actually re- 
quired is taken from the steam train line. 

In calculating the radiating surface required for a passenger 
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of radiation consisting of one three-pipe coil and one two-pipe 
coil on each side of the car. This arrangement permits the use 
of steam in 20, 30, 40, 50, 60, 70, 80, or 100 per cent of the maxi- 
mum heating surface provided, and will satisfactorily heat 
car under any outside temperature conditions. 

The dependence upon the human element to turn steam on 
or off does not always meet the demand of the traveling public. 
Furthermore, cars lying over at terminals require heat to pro- 
tect toilet water, ete. from freezing. The natural consequence 
is overheating of cars during the “lay-over Improper 
manual regulation in service and 
overheating at terminals result 


period. 


THE ow or Yar: Temperature Tube in Cont 


in excessive steam consumption 
for car heating. 
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In the development of auto- 


solid Line, Car in Terminals | matic temperature regulation 

| | | 
| | been its resulting economy t 
the railroads. Normally a pas- 
senger car 1s In train service only 
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Fic.3 Comparison From Tests oF STEAM REQUIRED IN SERVICE AND AT TERMINAL BY CAR EQuipPED lying over at terminals approvi- 


With DovusBLe AUTOMATIC-CONTROL VAPOR Sy8TEM 


(For car in service, valves are on 90 per cent of the time; for car idle, 


car there are many conditions that must be considered, such 
as the kind of car, its construction, the tightness of windows 
and doors, the minimum outside temperatures encountered, and 
the maximum inside temperature required. There are definite 
heat losses to be figured. These vary somewhat, depending on 
methods followed in construction. Formulas for figuring 
conductivity of walls, floors, ete. of different materials and in- 
sulations, were given in a paper by K. F. Nystrom of the C.M. 
& St.P.Ry. presented at the February, 1924, meeting of the 
Canadian Railway Club. This paper also indicated the usual 
heat losses in steel passenger cars. 

The total amount of radiating surface required in a steel 
passenger car is generally based on the ratio of one square foot of 
heating surface to thirteen cubic feet of space inside the car. 
This, of course, assumes that the car is properly insulated. 

With the required heating surface arranged to permit the use 
of steam in the heating coils only as necessary to maintain proper 
car temperatures, correct temperature regulation is easily accom- 
plished either through a manually or an automatically controlled 
vapor system. In the manually controlled vapor system the cut- 
out valves (see Fig. 2) for each heating coil are operated by hand. 

In an automatically regulated vapor system the cut-out valves 
are operated electrically from the car lighting circuit, and are 
thermostatically controlled to admit steam into the heating 
coils as required to maintain predetermined car temperatures. 

A heating system for passenger cars must be arranged to 
warm the car under all conditions of outside temperature, which, 
during a single trip on some roads often range from below zero 
to a point requiring no heat whatever. This necessitates extreme 
flexibility in methods of controlling inside car temperatures. 

This is easily accomplished with the manually controlled 
vapor system, arranged (in the ordinary steel passenger car) 
with four separate and independently operated coils or units 


valves are on 23 per cent of the time.) 


mately two-thirds of the time. 

There is no necessity for main- 
taining in cars in terminal yards the temperatures required 
in service. A 50-deg. car temperature in yards will prevent freez- 
ing of toilet water and permit cleaning and other work insic 
the car without discomfort. Such temperatures can be main- 
tained at terminals by automatic temperature regulation 

To maintain by automatic means a temperature of 50 deg 
in cars in terminals for two-thirds of the time, and, say, 7 deg 
in service for one-third of the time, requires the use of tw 
thermostats, each made to operate at the predetermined tem- 
perature, one for terminal control and one for service control 

The requirements of an automatically regulated vapor system 
are as follows: 

It must retain the “short-circuit” principle of the manually 
operated vapor system in order to prevent freezing, ete. 

It requires a double thermostat properly located in the car 

It must be designed to change automatically from the 50-deg 
terminal-control thermostat to the 70-deg. service-control ther 
mostat, or vice versa, without any manual attention. This 
is accomplished by the use of an air-operated contact switch 
arranged so that the presence of air in the brake train line wil 
put the 70-deg. or service thermostat in control of the heating 
system, while the absence of air in the brake line will put the 
50-deg. or terminal thermostat in control. 

It must be arranged so that the 70-deg. thermostat can b 
put in control manually when it is necessary to heat cars fot 
occupancy and there is no air in the brake line, at the same time 
not affecting the automatic change from 70 to 50 deg., or vi 
versa, when air has again been connected to brake line. 

It must have a valve mechanism which will not consume ele 
tric current constantly in either the open or closed position, 9 
provision must be made for manual operation of the valves" 
case of failure of the car lighting current at any time. 

The thermostats, magnetic valves, etc. must be protected 
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from damage by accidental excess voltage through wiring con- 
nections. 

With the possible maximum use for car heating of 8 per cent 
oi the total steam generated by the locomotive, it is very essen- 
tial that every economy be made in heating passenger trains. 
An automatically regulated vapor system will maintain uniform 
temperatures in train service, increasing the comfort of travel- 
ing public, and will effect considerable economy in actual steam 
consumption. It will also eliminate unnecessary waste of steam 
in heating cars at terminals. 

Fig. 3 shows the result of a 24-hr. test, both in service and 
at the terminal, of one car equipped with an automatically 
regulated vapor system. It will be noted that in service, with 
an average outside temperature of 6 deg., a uniform temperature 
was maintained in the car and steam was actually shut off auto- 
matically for 10 per cent of the time. In the terminal, steam was 
shut off 77 per cent of the time. 

The saving in steam and coal consumed in heating passenger 
cars at terminals is further emphasized by a test made at a 
Chicago passenger yard of two 70-ft. steel passenger coaches, 
identical in construction and in the arrangement and amount of 
radiating surface, quoted below: 


Both cars had arrived in the same train, and inside temperatures 
were the same at beginning of test. 

Ventilators of both cars open; vestibule doors adjusted similarly; 
temperature readings taken, and all condensation measured at fre- 
quent and regular intervals. 

Steam supplied both cars from same source, through a tee-connec- 
tion. 


Automatic- 
control Uncontrolled 
car car 


Outside temperature, 26 deg. fahr...... 
Average inside temperature main- 


tained during “‘lay-over,”’ deg. fahr.. 53 S3 
Percentage of time steam was used in 

Average condensation, lb. per hr... .. 33.35 124.76 
Average saving condensation, lb. per hr.. 91.41 


Total saving per car per year. 40,000 Ib. (20 tons) coal 


Also approximately 37,000 gal. of water. 


(Above total saving based on the fact that passenger cars lie over 
at terminals or in yards practically two-thirds of the time, and allow- 
ing 1SS days out of each year during which steam would be required 
in yards 

Condensation from yard line drained before steam entered either 
car. 

One car operated continuously under double automatic control 
Vapor system, with the 50-deg. or “‘lay-over’’ thermostat in control. 

Uther car, similarly equipped, had the automatic control feature 
cut out, and was operating continuously with all valves in the 

On” position or wide open, the usual way of heating “‘lay-over”’ 
cars 


In spite of numerous tests that have been made to determine 
the actual or average steam consumption required to heat pas- 
Senger cars both in train service and at terminals, it may be said 
that no formula has been developed that will be accurate under 
all conditions. 

Theoretically, approximately three pounds of steam per 
car-hour will be required for each degree of temperature differ- 
ence to be maintained between outside and inside for an ordinary 
steel passenger car. 

The diversity in types of car, their methods of construction 
and insulation, interior arrangements, number of exposed out- 
lets of heating system, direction and velocity of wind, all affect 
the condensation of steam for car heating. 

An important factor is the speed of train which automatically 
increases the amount of air exhausted through ventilators. As 
an indication of the relative increase in condensation with 


increased speed of train, note the following result of test 
made: 
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Outside Pressure at Pressure at rear of 11th car: 
temperature, steam-heat gage, at 40 m.p.h., at 60 m.p.h., 
deg. fahr. Ib. per sq. in. Ib. Ib. 
27 110 40 30 
—8 110 30 15 


The automatically regulated vapor system is also of consid- 
erable advantage in maintaining or periodically building 
up train-line pressures. During a test of a train (all cars equipped 
with automatically regulated vapor system) it was found that 
as the thermostats in cars automatically closed the admission 
valves and cut out steam from the heating coils inside the cars, 
train-line pressures increased. In one instance, presumably 
the result of thermostats in all cars shutting off steam about the 
same time, the pressure at the rear of the last car increased 
25 pounds in ten minutes. 

Proper insulation of all exposed piping and connections 
underneath the car will of course, aid the reduction of conden- 
sation in severe weather and at high speeds. 


Discussion 


P. D. Mauuay.? Last winter the writer made a rather ex- 
tensive run on a train of test cars to determine the exact amount 
of steam which would be required to heat trains of varying length 
at different speeds under different weather conditions. One 
very noticeable fact was that for a train running under severe 
weather conditions at a speed of from 40 to 50 miles an hour, 
more than twice the available radiating capacity of the heating 
system was required to heat a car. It seemed that the follow- 
ing conditions might cause apparent loss of steam: 

When the steam leaves the locomotive it passes through a 
reducing valve and then through the tender connection and in 
succession through the couplings between the cars. In most 
cars the opening in the coupling is 1 in. in size, the steam then 
expanding again into a 2-in. train line. It was observed that in 
passing over track pans the test steam flow in the test car dropped 
appreciably. After the pan was passed conditions reached nearly 
equilibrium, and the flow rose to normal. Those rides indicated 
that there were four important factors in the consumption of 
steam for heating purposes, as follows: (1) The major losses 
in throttling valves on the locomotive; (2) periodic throttling 
through the car couplings; (3) the production of eddy currents 
in joints of different types; and (4) losses due to radiation of 
the train line under the cars. 

In trying to correct conditions it was found with some surprise 
that it was not economic to increase the thickness of the insulation 
on the lines to more than 1 in. The fact that the steam flow 
dropped considerably in passing over track pans led to the con- 
clusion that one of the greatest factors of loss was condensation 
in the steam connections, and that naturally led to the assump- 
tion that they would have to be insulated. Can they be insulated? 
and if so, how? If the author’s observations have been such 
as to lead him to conclusions different from those just recorded, 
his comments should add greatly to the value of the paper. 


H. B. Oattey.* The Long Island Railroad has been using 
superheated steam for train heating for a number of years, and has 
reported some very satisfactory results both as to the saving in 
fuel on the locomotive and in the more constant heating of the 
cars. It is reported that the railroads in the Northwest, par- 
ticularly those roads operating with the extremely long trans- 
continental trains containing as many as 15 or 18 cars, operating 


? Office Manager, Railroad Department, Johns-Manville (Inc.), 
New York, N. Y. Jun. A.S.M.E 

3 Vice-President in Charge of Engineering, Superheater Co., New 
York, N. Y. Mem. A.S.M.E. 
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as they do through the extreme low temperatures of the winter, 
down to 30 and 40 deg. below zero fahrenheit, have been con- 
sidering its use. It is believed that they can heat the entire train 
by using superheated steam on the train line and avoid the 
necessity of using individual car-heating equipment in the last 
four or five cars of the train. 

In that connection the question has come up of whether or 
not the rubber hose connections between cars would stand the 
higher temperatures of superheated steam. Some of the roads 
are using metallic connections, but the Long Island apparently 
is using the rubber hose. It is difficult to figure a thermal gain 
by using superheated steam—heating is simply a question of 
transferring heat units—but the argument in its favor is that 
steam can be forced back further in the train because conden- 
sation does not take place as quickly as with saturated steam, 
and therefore a given size of heating line ought to carry the 
heat further. 


H. W. Frreun.* Information from Mr. Russell on the extent 
to which superheated steam has been used for car-heating should 
prove valuable. 


G. M. Earon.® Quite often a question arises as to the quan- 
tity of energy required to heat a train of cars with steam generated 
electrically, and the following may be interesting. A good many 
years ago when the Pennsylvania was considering electrification 
from Manhattan Transfer to New York, a test was run on an 
electric train-heating boiler installed on an electric locomotive. 
Operating on the West Jersey & Sea Shore in zero weather with 
a full-capacity train, as the writer recollects it, the records showed 
that the boiler required about the same energy to heat the entire 
train that the locomotive required for hauling the train. 


4 Mechanical Inspector, New York, New Haven & Hartford RR. 
Co., New Haven, Conn. Jun. A.S.M.E. 
Engineer, Molybdenum Corp., Pittsburgh, Pa. Mem. 
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The railroads are economically best suited for the wholesale 
movement of freight. The controlling factor in their operation 
is terminal capacity, and terminal costs and delays are the chief 
obstacles to their greater participation in the short-haul movement 
of less-than-carload traffic. 

Under the present methods and conditions, the highway operator 
can move most less-than-carload freight for considerable distances 
cheaper than the railways. He will continue to maintain an eco- 
nomic advantage for the shorter terminal hauls, but a new instru- 
ment of freight transportation, the unit freight container, will 
permit the profitable rail handling of much of the traffic now trucked 
greater distances. This will necessarily result in the restoration 
of this traffic to the railways. 

The container will use both the highway vehicle and the railroad 
in the portions of the total movement for which they are best fitted. 
The rail cost of less than one cent per ton-mile—or about one- 
seventh of the cost of movement by motor truck—will apply to the 
road-haul portion, and the terminal cost will be decreased because 
of the elimination of at least four man-handlings of the freight. 
The most important collateral benefits are: 


| Faster handling of freight from shipper to consignee 
2 Relief of terminal congestion 

3 Elimination of theft and damage claims 

+ Reduction in packing and carting costs 

5 Reduction in rolling stock devoted to L.C.L. service. 


RANSPORTATION has advanced in economy and effi- 

ciency in proportion to the intelligent application of human 

ingenuity and capital investment. True advancement, 
however, is not in the development of any single phase to usurp 
in whole or in part the function to which any other phase is 
particularly adapted and better fitted to perform. A proper 
scheme of transportation demands that each means be employed 
in the task for which it is best suited. 

President L. F. Loree of the Delaware & Hudson Company, 
in his address before the Holland Society last year, discussed 
the advancement of transportation in a unique manner. He 
measured such advancement by the increased productivity of 
the individual as outlined in the following quotation, which— 
with Mr. Loree’s permission—has been briefed: 


The first transportation undertaken by man was a personal effort 
it which he packed his own burdens... ..Under this method there 
may be transported daily 65 pounds 15 miles for each porter, or 
allowing 312 days for a year’s work, 152 ton-miles. 

With the domestication of wild beasts, pack trains were organ- 
ized \ horse of average force working for eight or ten hours 
ber day might transport on his back 200 pounds at a rate of 25 miles 
ber day over average level country. For a year of 312 days his per- 
formance would be 780 ton-miles. 

In the early eighteenth century... . . highways were built with care- 
jul attention to grades and their surfaces properly metaled. Many 
‘artage companies were organized and an allowance of one ton of 
zoods for one horse was very general. With this power, 20 miles a 
day Were covered, or for a year of 312 days, 6240 ton-miles.... 

There were on the payrolls of the railroads of the United States 
at the end of 1925, 1,753,208 employees. Making a rather arbitrary 
division of these employees between freight and passenger service... . 
indicates that there were approximately 1,415,000 employees en- 
eaged in freight service. In the year 1925 the railroads transported 


\ ann Transportation Service, Consulting Engineers. Assoc-Mem. 
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452,827,593,844 net tons one mile. Comparing the extremes only, 
we have 152 ton-miles per year as the paying load-carrying capacity 
of the porter. The railroads in 1925 transported 320,019 (pay- 
ing load) per individual freight employee. That is, the productivity 
of the individual due to the achievements of management, as reflected 
in the concerted movement and in the ordered discipline; the use of 
capital reflected in the plant, the provision of power, and the multi- 
tudinous inventions and adaptations of machinery and tools; and 
his own intelligent industry, has been multiplied 2105 times. 


For the purposes of this discussion, the productivity of the 
individual has been calculated when using the motor truck, the 
latest development of land transportation. These results, 
together with those previously discussed, have been listed in 
Table 1 for convenient comparison. This is offered not as con- 
clusive as to accurate detail, but as indicative of general relations. 


TABLE 1 PRODUCTIVE ABILITY OF THE INDIVIDUAL 


Revenue Ton- 

freight Miles miles Cost 

per man trans- per year per 
Means of transportation per day ported per man ton-mile 
Porter..... 65 Ib. 15 152 $10.250 
Pack horse (6)... 1200 Ib. 25 4,680 0.933 
Horse and cart ; 1 ton 20 6,240 0.380 
2-horse dray.... 2 tons 20 12,480 0.240 
5-ton truck... 5 tons 100 156,000 0.065 
American railroads'.......... 3.06 tons 309 295,000 0.009 


! 1925 actual performance; other figures are potential. 


While it is recognized that the figures in Table 1 are not ac- 
curately comparable, there are certain general and interesting con- 
clusions apparent which are adequately supported and justified. 

It is interesting to note the distinct periods into which this 
table divides transportation development. These periods are 
clearly marked in the two columns captioned ‘“Ton-miles per 
year” and “Cost per ton-mile.”’ 

In the first period neither capital nor human ingenuity have 
been applied to an appreciable extent, with a minimum of indi- 
vidual ability and maximum cost as the result. 

The second period finds the application of capital in the form 
of muscular power and the application of human ingenuity 
only to the extent of animal domestication. The result, however, 
is to increase individual productivity thirtyfold and reduce the 
cost by ninety per cent. 

The third period is that of additional capital use and the 
first application of mechanical invention in the cart and dray. 
The result is again to increase productivity and reduce cost. 

The final period seems to be the acme of development, as Mr. 
Loree points out in the last sentence quoted from his address. 
Herein the supreme application of human ingenuity, in the de- 
velopment of mechanical power as well as greatly advanced 
auxiliary means, is made possible by the unstinted and intelli- 
gent application of capital in the form of railways and motor 
vehicles. This has resulted in increased individual productivity 
and reduced costs to a seesningly extreme degree. 

It seems that the final period has been reached. Advance 
from the present state will be the result, principally, ‘of refine- 
ments of established principles and practices. 

The general direction of such refinements is clearly indi- 
cated by the fundamental relations of our various means of trans- 
portation. Table 1 establishes in a general way the relative 
merits of the various forms of land transportation. 

The railroad is supreme in its “mass transportation’’ abil- 
ity. Economic law dictates its utilization to the greatest 
possible extent for the movement of that class of freight for which 
its equipment and facilities have been designed—in general, 
the movement of large volume for long distance. 
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The porter is supreme in his individual-package movement 
or retail transportation ability. His capacity, short radius 
of action, and high cost confine his field to the narrowest of limits. 

Each means of transportation bears a definite relation to 
the others and to the general scheme in proportion to the traffic 
which its relative but varying limitations particularly fit it to 
handle. 

Tue RaAILRoaD AND THE Motor Truck 

As this discussion is primarily one of the motor truck and a 
portion of the railroad scheme, it is necessary to examine the 
general relation of these two means more specifically. Therefore 
the data in Table 1 have been extended into further arbitrary 
divisions, as shown in Table 2. 


TABLE 2. PRODUCTIVE ABILITY OF THE INDIVIDUAL 


Tons of 
revenue Ton-miles Cost 
freight per man per 
per man Miles per year ton 
Part Means of transportation per day hauled (312 days) mile 
American railroads . 3.06 309 295,000 $0,009 
I (All freight) 
American railroads 3.43 309 330,700 0.008 
(C.L. freight) 
rican railroads 0.85 309 (?) 82,900 0.032 
II (L.C.L. freight) 
156,000 0.065 


ton truck'. 5.00 100 
5-ton truck . 8.00 33 82.400 0.090 
(80 per cent load) 


5-ton truck. 


' 5.00 33 57,500 0.215 
Ht (40 per cent load 
American railroads 33 0.160 
L.C.L. freight) 


5-ton truck ..... ‘ 16 55.900 0.115 


(80 per cent load) 
5-ton truck........ 
(40 per cent load 
American railroads. . 
\ dc. L. freight) 


Potential figures. 


IV 10.00 10 31,200 0.250 


RAILROAD TO HANDLE Mvucu or L.C.L. Trarric 


Less-than-carload traffic constitutes approximately 4 per cent 
of the total railroad freight business and requires nearly 20 per 
cent of the rolling equipment for transportation. Table 2 
(Parts 1 and 2) indicates that the handling of L.C.L. freight 
costs four times that of carload freight. This is due, primarily, 
to high (L.C.L.) terminal costs and low average tonnage per 
employee. 

The potential performance of the motor truck exceeds the in- 
dividual productivity of the L.C.L. freight employee. The 
greater cost per ton-mile, however, presents the complete usurpa- 
tion of this business by the motor truck, and indicates that for 
much of this class of freight the railroad must remain supreme. 

High railroad terminal costs, due principally to the high 
platform-handling expense, cause a material change in this re- 
lation for the shorter distances. 


RaILroap TERMINAL Costs Favor Moror Truck ror SHortr 
DIsTANCES 


At 33 miles, the economic point below which the average 
railroad cost of handling L.C.L. traffic exceeds the revenue, the 
relation of the railroad and the motor truck is such as to favor 
the latter under good motor-trucking conditions and the former 
for average conditions. 

At this distance, on the basis of cost alone, the railroad is 
superior to the 40-per-cent-load-factor motor truck,? while the 
80-per-cent-load-factor vehicle? is capable of serving at less cost 
than the railroad and will also reduce the time element to the 


minimum. 


It is assumed that ten miles is the outside radius of the daily 


2? These percentage load factors are approximations of the javer- 
age attainments of organized motor transport for ‘‘one-way’’ and 
loads. 
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ability of the horse-drawn vehicle. This distance is well within 
the reach of the motor truck, which vehicle seems destined to 
play a middle role between the horse-drawn vehicle on the in- 
dividual or retail side and the railroad on the mass or wholesale 
side. Dependable statistics indicated that, of the large and eyer- 
increasing amount of traffic being handled over the highwavs. 


At this distance. 


nearly 50 per cent is moved less than ten miles. 
+! 
\ 


as indicated in Part IV of Table 2, the motor truck is emine: 
supreme, both in cost and expedition of movement. 


PRESENT ConDITIONS AT VARIANCE With Economic Law 


While economic law is certain to prevail, it is not as prompt of 
action as it is correct of judgment. Human effort to influence 
the functioning of this law is slow of adjustment to meet ney 
developments. The cost of operation, while indicating the 
economic relation, is not a correct measure of the conditions 
which influence the flow of today’s freight traffic. The cost to 
the shipper, involving arbitrarily fixed rates, and to a material 
extent the expedition of completing the through movement from 
door to door, are the chief factors affecting a choice of mode. 
These factors, considered in their true light, together with other 
related factors, present a vastly different picture of the present 
relation of rail and highway transportation. 


SuHiprers INTERESTED IN COMPLETE MOVEMENT 


No transportation is of value except as a part of the completed 
movement from point of origin to poinf of destination. That 
the shipper is also interested in the element of in-transit time is 
evidenced by changed business conditions and demands. Thy 
through movement and minimum costs, however, remain tli 
shipper’s prime interest. 

In the movement of L.C.L. freight traffie the railroad p 
forms, in general, but one portion of the completed movement. 
Some form of highway transportation accomplishes the collecti 
This condition is also true of a considerabli 


and distribution. 
portion of carload merchandise traffic. 

The shipper is also burdened with the necessity of crating mer 
That this item is of greater expense and weight when 


chandise. 
ghway 


railroad movement is contemplated than when only hi 
transportation is involved, is well known. 


THrouGH MOvEeMENT 


The through movement from origin to destination involves. 
generally, three and four elements of expense when moved 
respectively by highway alone or by highway and rail. These 
factors are: Crating, Carting, Freight on Net, and Freight 
Tare. These factors in combination determine the true relation 
of rail and highway transportation as dictated by today’s con- 


Properly evaluating these elements of the completed 
and 


1 han- 


or 


ditions. 
movement indicates that the motor vehicle can successfull) 
actual operations demonstrate) compete with the railros 
dling of L.C.L. traffic for considerably greater distances than th 
accurate measure of economic law seems to dictate. 

Today’s conditions are not in accord with economic 
In spite of the human tendency to resist any change in the estab- 
lished order, the shortcomings of the present system will be over 
come and the advantages offered by new measures will be pursued 

The motor vehicle is burdened with little terminal expense 
The railroad, particularly in L.C.L. traffic, is tremendous!) 
taxed by high terminal costs—made up largely of handling & 
pense. These characteristics are clearly demonstrated in the 
flat motor-vehicle and abruptly ascending L.C.L. cost curve 
for the shorter distances. 


1 High railroad-terminal L.C.L. expense must be reduced 
2 High motor-vehicle line-haul expense must be avoided 


law 


‘ 
10 0.490 
He 
| 
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CoorpDINaTion OF EFFrort 

These principal expense factors of the two modes of trans- 
portation under consideration can be bettered materially by 
mutually coordinated effort. In the matter of terminal expense 
the motor vehicle is reasonably free, that item being largely 
absorbed by the merchant, while the railroad pays from $0.16 
per net ton-mile (at 33 miles) to infinity, depending inversely 
upon the distance. In line-haul expense the motor vehicle is 
penalized a fairly constant sum of $0.065 per net ton-mile, while 
the railroad does not exceed $0.032. 

Two conclusions result directly from the foregoing discussion: 

1 To permit the utilization of railway transportation in the 
line haul and highway transportation in the terminal movement 
to the greatest possible extent demands that some efficient, eco- 
nomical, and rapid means of transfer from one medium to another 
be devised and placed in service. 

2 To permit the application of a plan of mutual coordi- 
nation between rail and highway transportation requires that 
present rate structures be revised to be as fully as possible in 
accord with the relative cost of operation of each mode. 

THe Unir Container 

Accepting these seemingly academic but exceedingly real 
and practical conclusions as correct, the manner of making them 
effective is immediately of interest. The refinements that are 
necessary in advancing from our present state are simple and of 
proved practicability. The unit-container method of handling 
L.C.L. traffie will go far in the accomplishment of the above 
purposes 

It is not proposed to discuss here the advantages or probable 
method of applying the unit container to our transportation 
requirements. For an able discussion of this new and impor- 
tant phase of transportation, reference is made to a recent 
paper entitled, ‘“The General Theory of Container Use,”’ prepared 
by Bernard Allen, one of the author's consulting-engineering 
associates. Mr. Allen has also taken up the subject in a recent 
issue of the Railway Age. Here is a railroad man of many years’ 
experience with the Canadian National Railways looking forward 
to the general and widespread acceptance of this specialized 
method of handling L.C.L. freight traffic. The unit container 
is not new, nor is its application to a coordinated plan of rail 
and highway transportation new. Such plans have been ad- 
voeated and to some extent successfully utilized for a great many 
years; the first patents being granted on such devices in England 
in 1845. 

The conditions, however, which make its general and wide- 
spread use certain within the near future are of reasonably 
recent development. The motor vehicle, with its flexibility, 
has not only made container interchange possible and from an 
economic standpoint desirable, but has brought on a demand for 
the type of service that its adoption will augment. The high 
cost of platform labor has forced the adoption of all possible 
labor-saving devices to keep the costs within the regulated 
revenue. 

New business demands for lower inventories and more fre- 
quent shipment of smaller quantities with consequent shortened 
warehouse clearings have created conditions particularly appro- 
priate to usher in this new development. 

As other special classes of traffic have been served by special 
equipment and facilities, so L.C.L. traffie—the most expensive 
division of the railroad business—will gradually be accorded the 
Same treatment, with correspondingly favorable results in in- 
creased efficiency and economy. The present stage of trans- 
portation development will by this means have advanced through 
additional refinement, with advantage to individual productivity, 
Cost, and the shipping public. 


RAILROADS 
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Discussion 


K. J. AMMERMAN.® The setting up of the motor truck as a 
competitor of the railroads has been the result of a number of 
factors the importance of which has kept pace with the increase 
in population and the ever-increasing congestion in and around 
the large cities. 

Years back, when this congestion was not as marked as it 
now is, the railroads were able to carry from place to place in a 
reasonable length of time the commodities and types of freight 
which have to a certain extent been lost to them. Perishable 
farm products and rush freight in small lots which have to be 
carried a relatively short distance, say, 75 to 100 miles, are re- 
ferred to particularly in this connection. With the increase in 
traffic of all kinds the congestion in railroad terminals has be- 
come so great that the length of time required to move freight 
from the outskirts of the city into the freight terminal repre- 
sents about two-thirds of the total time required to haul the 
commodity from its source to the terminal. Under such con- 
ditions it was found that a motor truck could carry such freight 
in one-half the time required by the railroad. 

To increase the size of terminals so that the congestion would 
be comparable with that which existed years ago would be too 
costly. It seems to the writer that a further recognition of the 
motor truck as an ally rather than as an enemy of the railroad 
would achieve the desired result of returning a large percentage 
of the lost freight, by reducing the shipping time through the 
establishment of freight terminals on the edge of the congested 
area and delivering freight direct to the consignee from that 
point. By so doing, the time from consignor to consignee would 
be cut to a point no overland trucking company could approach. 

The comparison of truck speed and railroad speed is all in 
favor of the railroad until the congested area is reached. From 
that point to the consignee the time would be the same either 
by a loeal truck or overland truck, less the time of transferring 
the freight from railroad to truck. 

The margin of time in favor of the railroad on the major por- 
tion of the haul would more than cover the transfer time. 
This margin of speed, however, is rapidly being reduced through 
the very noticeable tendency toward heavy trucks capable of 
speeds formerly thought possible only in light trucks. 

The above-mentioned method would not militate against 
the trucking interests, as local trucking would be more profit- 
able than the overland haul, provided the railroads and truck- 
ing interests cooperated in adjusting rates to their mutual satis- 
faction and still did not increase the rate to the shipper. 


W. C. Sanpvers.‘ The paper is very interesting, especially 
that part which deals with the cost of L.C.L. freight by steam 
road and by motor truck. The limiting factors of each are very 
clearly brought out. 

The motor truck undoubtedly has a definite place in the trans- 
portation system of the country as an adjunct or supplement 
to the steam roads, holding a position similar to the bus, and it 
affects steam passenger service. 

The writer believes that L.C.L. freight containers with night 
pick-up service, using either gas-electric or oil-electric motive 
power, will greatly reduce the cost of L.C.L. short-haul freight. 

The advantages of the container-car system are as follows: 

1 It will furnish a means of expediting delivery of less-than- 
carload lots of commodities by eliminating the time and expense 
of rehandling, checking, and trucking. 

2 Theimmediate unloading and loading of containers promptly 


3’ American Car and Foundry Motors Co., New York, N. Y. 
4General Manager Railway Division, Timken Roller Bearing 
Co., Canton, Ohio. Mem. A.S.M.E. 
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releases rolling stock, clearing the yards of cars and reducing 
congestion. 

3 It will tend to keep the car moving at all times, making 
possible double the mileage now made by an ordinary piece of 
rolling stock in “L.C.L. freight service. 

4 It will allow a considerable reduction in terminal costs. 


W. E. Symons.® With respect to the use of the motor truck 
and bus and their relation to the railway industry, there are a 
number of points of interest, some of which are somewhat clouded 
by a rather unfair view of the situation. To illustrate condi- 
tions, let us paint a picture of a typical American city and its 
surrounding territory, with railways radiating in all directions. 
Imagine an industry out in one direction making container 
boxes, let us say, which are required by another industry off in 
another direction. Assume these towns to be 15 miles from the 
city. The usual method of procedure is to order from the manu- 
facturer of the container a carload lot either by telephone, tele- 
graph, or letter. This is then transmitted to the railway operat- 
ing office; it goes to the trainmaster, then to the yardmaster. 
A box car is selected for the shipment; it is taken over and de- 
livered to another railway; then it is hauled out to where it is 
to be used, and finally loaded. It may be the shipment goes 
out on this line. Two, three, or even seven days may pass be- 
fore those containers are delivered. 

With the use of the motor truck the order is simply telephoned 
to the container manufacturer. A truck is backed up to the 
factory and in two or three hours the order is carried across to 
the buyer and the shipment awaiting the containers is on its 
way inside of 24 hours. 

If a manufactured article is of a character requiring extra- 
heavy packing or casing for foreign shipment or for great dis- 
tances, and lighter for local deliveries, in- truck shipment the 
character of the container is much simpler, and its cost, which is 
always passed on to the consumer, is much reduced. Sometimes 
it is possible to dispense with it entirely. The railways have 
been somewhat backward in urging the use of trucks for this work, 
and in cooperating with the companies that provide trucks. 

Another interesting and important feature is the passenger 
business. About a year ago a member of the passenger depart- 
ment of a certain railway at a meeting solicited the aid of the 
other passenger representatives in securing some protection against 
the inroads of the motor bus. He cited the fact that his company 
had lost a million dollars in passenger business the year before. 
He was very much disturbed about it. However, he failed to 
note an increase of freight earnings of about $40,000,000, a great 
deal of which was due to the fact that salesmen, using automo- 
biles or motor buses, had driven through the country instead 
of relying upon local passenger trains of uncertain schedule. 
They were then able to visit six, eight, and sometimes ten towns 
per day, and consequently increased the freight shipments over 
that road several carloads. Such records when properly analyzed 
not only speak well for the use of the motor truck, automobile, 
and motor bus, but show that they are a help to the railways 
rather than a detriment. 

There is one other feature, however, on which the railways 
have a just complaint, it seems to the writer. It is this: Taxes 
of the railways have crept up from about $100,000,000 to $400,- 
000,000 per year. A great deal of this money has been used 
in building highways on which competitors of railroads may hau! 
freight and passengers; in other words, the railways have been 
forced to aid in building a superstructure on which their com- 
petitors may do business. That is not fair, and there should be 
some readjustment to relieve the situation. 


5 Associate Editor, Engineering Publications, Angus Sinclair 
Publishing Co., New York. N. Y. Mem. A.S.M.E. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


One more feature: Every one who has to do with shipping 
knows that there is a great deal of trouble in getting claims for 
damages or loss adjusted. It is not that the railways want ty 
be unfair, but because the evidence or facts are frequently difficult 
to obtain, and sometimes it is very confusing because the articles 
pass through so many hands. But in the case of an immediate 
delivery by motor truck, the man who receives the articles and 
makes the deliveries is usually authorized to give a slip for dam- 
age or for loss of an article, and therefore the adjustment can be 
made immediately and be made accurately and satisfactorily 
to both parties concerned. There is an excellent field to be ce- 
veloped in this direction. 


N. D. Bauuantine.* The writer can certainly concur in 
the idea that there is a real field for motor vehicles in coordina- 
tion with railway service in this country. It may be of interest 
to know that in six years, from 1920 to 1926, there has been a 
decrease of more than 25 per cent in less-than-carload traffic 
carried by class 1 railroads. Now that is not a measure of ac- 
tual loss to the railroads because they actually had about 50 
per cent more cars of less-than-carload freight. That works 
out in this way: If a given amount of merchandise is moving 
between two points, the railroad has to provide a certain num- 
ber of L.C.L. or ‘‘way-freight” cars as we term them. Let us 
assume that it has to run one car which is capable of handling 
practically ten tons of merchandise, but an independent truck- 
ing concern hauls five tons of it. The railroad’s cost of service 
in moving the ten tons is so small over the cost of handling five 
tons that it is rather difficult to determine what it amounts to, 
because the terminal charge is already practically taken care of 
in both cases. Hence there is a loss of revenue from 5 tons and 
no appreciable reduction in expense. 

From this it is evident that the 25 per cent reduction in less- 
than-carload freight revenue referred to above does not in any 
wise measure the actual loss to the carriers. The same principle 
applies with respect to a lot of their passenger traffic. 

The use of the container involves a more difficult problem and 
it is analogous to that of the mariner; it is not the ‘average 
depth” he wants to know—if he hits the high spot he is out of 
business. It is specific problems that have to be analyzed in 
the case of a container. If one uses a flat car, for example, he 
has this problem: About 60 per cent of all the carload traffic 
is east- or north-bound, and about 40 per cent moves in the other 
directions. The percentage in loaded box cars, which carry 
the L.C.L. freight, is probably greater than that, although the 
exact figures are not at hand, and probably are not available. 
There is a predominant and excessive west-bound movement 
of empty box cars throughout the entire United States. The 
protection of merchandise in a west-bound car that otherwise 
would move empty is not such a serious problem if it is put in 
one or two cars. 

Let us assume that empty box cars are moving into a grail 
territory and that a shipper has merchandise to move {from 4 
jobbing point to the grain territory. Suppose ten tons are loaded 
into one car and that there is an empty car to move to the same 
point. It is better to use two cars and put five tons in each 
car, distributing one here and one there, and thus save time by 
relieving the crew of handling five tons. In other words, « cer 
tain amount of intermediate train expense is eliminated. 

The tonnage per car for a carrier of less-than-carload freight 
is not an indication in any way of the efficiency with which the 
cars are utilized, because oftentimes a reduction in the number 
of tons per car on west-bound merchandise box-car loading '§ 
a very much more efficient procedure than the other method. 


* Consulting Engineer, New York City, N. Y. 
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Steam Pressure and Condensing 


Locomotives 


A Discussion of Present Progress—Cycle Efficiencies—Auxiliary Requirements—Machine 
Efficiencies—Transmission Efficiencies—Thermal Efficiencies—Value of Locomotives— 
Possible Turbine Arrangements 


By JAMES M. TAGGART,! NEW YORK, N. Y. 


NCREASING steam pressures for power production always 

has for its primary objective an economy increase. For 

different Industries the economic return will be the result 
of different factors. Thus with industries requiring high-pres- 
sure steam for their processes an advance in generating pressure 
often will provide for power generation above the process pres- 
sures. In this case a decrease in first cost due to the smaller 
boiler plant required normally will be joined to a large reduced 
fuel or power cost to increase the economy. In central power- 
station practice the only increase in economy to be expected at 
present is a decrease in fuel charged per unit produced. Nor- 
mally this saving must be balanced against an increased fixed 
charge to ascertain the resulting economy. There is also present 
in the case of central stations and most industrial plants the 
question of special design that may, if not successful, increase 
the maintenance costs. 

For railroads higher steam pressures promise an increase in 
capacity as well as a decrease in fuel requirements. As will 
be pointed out later, the increase in power capacity will be approxi- 
mately in a direct ratio with the increase in thermal economy. 
Since fuel cost is only about 25 to 35 per cent of the cost of loco- 
motive operation, it follows that the capacity increase to be an- 
ticipated is three to four times as important. 

With railroads also numerous like units are normally built 
at the same time. Accordingly, the uncertainties and high cost 
of special design can be largely avoided by preliminary trial tests. 

It is thus evident that investigations to determine the opti- 
mum pressure of steam generation for central stations or other 
industries do not apply in considering steam-driven locomotives. 

PRESENT PROGRESS 

In Europe where fuel conservation is relatively more important 
than in the United States, two designs of super-pressure loco- 
motives have been built. One of these, namely, the Schmidt- 
Henschel locomotive, has in addition to the super-pressure 
section a lower pressure of steam generation. The drive for 
this locomotive approximates the standard. The other super- 
pressure locomotive, namely, the one built by the Swiss Loco- 
motive Works, generates all the steam at 850 lb. per sq. in. and 
uses a high-speed, triple-expansion engine with a gear trans- 
mission for driving. These super-pressure locomotives are non- 
condensing. Condensing effect has, however, been applied to 
several types of turblne-driven locomotives that have been tried 
out in Europe. The trials have shown an improved thermal 
economy. In addition to the super-pressure locomotives and 
the condensing locomotives a number of locomotives in Germany 
have been equipped with the uniflow type of cylinder. 


Limits 
Apparently these different developments have to some extent 
a common bearing. Thus, condensing effect with its promise 


onsulting Engineer, New York, N. Assoc-Mem. A.S.M.E. 

Tesented at a meeting of the Metropolitan Section of Tue Amert- 
CAN SocieTy OF MECHANICAL ENGINEERS, November 15, 1927. 
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of a cleaner feedwater is especially important with super steam- 
pressure generation, while any form of drive that will more 
economically utilize steam expansion has an enhanced valuation 
when the range of pressure is increased. 

With this in view the estimates and computations in this 
paper are based on equipment including condensing effect and 
consideration of both turbines and uniflow-cylinder drives. In 
order to confine the treatment within reasonable limits, general 
arrangements and types of designs have been taken as a basis 
for the theoretical treatment. These are listed below and are 
more fully described in the September and October, 1927, issues 
of the Railway Mechanical Engineer. In no case is there an 
extension of effects beyond a possible economical practice. 

Boilers—water-tube, 
temperature type 

Economizers and superheaters—to form a part of the boilers 

Furnaces equipped for pulverized- or liquid-fuel burning 

Air preheaters 

Forced- and induced-draft fans 

Auxiliaries—motor driven in most cases 

Feedwater heating 

Condenser—probably of the air-evaporative-cooled type 

Main drive arrangement—either 

1 Turbine with gear transmission 
2 Turbo-generator-motor drive 
Engine, uniflow, multiple expansion direct 
4 High-pressure engine direct and low-pressure turbo-gen- 
erator motor. 
For arrangements Nos. 3 and 4, see Figs. 19, 20, and 21. 


preferably non-water-line, constant- 


ASSUMPTIONS 


Calculations involving steam at the higher pressures are 
subject as yet to some uncertainty. It is a field where the author- 
ities and most of the tests made vary. The variance is, however, 
not enough materially to affect the results. For this paper the 
enlarged steam tables of Prof. H. L. Callendar have been used. 

Assumptions of conditions of operation are limited by numerous 
factors. Thus in the equipment listed the boiler is mentioned 
as one of constant temperature. With the non-water-line boiler 
the control would be adjusted to produce the desired temperature, 
and with a reliable control a higher temperature could be carried 
than where dependence was placed on calculated heat trans- 
missions. Thus in the latter case greater leeway would need to 
be allowed for unusual fire conditions. A figure of 700 deg. 
fahr. has been taken as a conservative initial steam temperature 
now in use. With this temperature as a normal maximum and 
with good design all parts can be made up from standard materials. 
It seems probable that in the near future 800 deg. fahr. may be 
safely used with special high-temperature steels. Accordingly 
values have been given also in most cases for 800 deg. initial 
temperature. 

Volume requirements and atmospheric temperatures limit 
the economical vacuum. An absolute pressure of 2 lb. has been 
assumed for the condenser pressure. This assumption is 
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based on an estimate of performance at 70 deg. fahr. atmos- 
pheric temperature. A further cooling effect of the liquid 
down to 100 deg. fahr. is assumed in determining efficiencies. 
Thus 100 deg. fahr. is considered as the temperature of the 
boiler-feed pump suction, whether taken partly from the condenser 
or all from the supply tank into which the condensate is dis- 
charged. In practice the vacuum would vary with the load as 
well as with the air temperature and flow. 

The size of the locomotive power plant as well as the space 
requirements limit the economic value of complicating the 
equipment to reduce fuel consumption. Some arrangement of 
feedwater heating is apparently necessary for good results at 
high pressures. The type and design of the drive and heaters 
provided would determine largely the number in series that could 
be advantageously used. The best location of the heater or 
heaters relative to their operating pressures also depends to 
some extent on the form of drive. Normally two heaters, of 
the closed type, in series have been assumed. With the heater 
efficiencies probably attainable, a third effect would hardly 
seem justified. A better heater efficiency such as is obtainable 
with open heaters or special conditions might change this con- 
clusion. Curves of cyclic efficiency (Fig. 5) are also given for 
a single closed-heater and a double open-heater cycle. These 
are for comparison only. All thermal efficiencies unless other- 
wise noted are based on the use of two closed heaters in series. 
These heaters are assumed as draining and venting into the steam 
space of the heater of next lower pressure, and into the condenser 
from the lowest-pressure heater. 

Values are given for one 100-deg. fahr. reheat effect in addition 
to the regenerative effects. It is probable that usually the in- 
stallation of reheat equipment will not be economical. Arrange- 
ment No. 4 appears, however, to be a possible exception. Fur- 
thermore it seems possible that in the near future a mercury- 
vapor reheater may be developed that may change the situation. 


CYcCLEs 


Referring to combinations of steam flow as cycles is con- 
venient and in accordance with recent practice, though it is ex- 
tending the meaning of the word “cycle.” Thus bleeding a prime 
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mover at different pressures to successively raise the temperature 
of feedwater comprises in fact a number of separate cycles, and in 
the author’s experience was formerly called “‘series heating.”’ It is 
here for convenience referred to, as suggested in the paper of 


Messrs. Hershfeld and Ellenwood published in the 1923 Transac- 
tions of the A.S.M.E., as the “regenerative cycle,” and is indi- 
cated below and on the figures as the S-cycle for brevity. © Where 
reheat is added the cycle is referred to as the SR-cycle. Figs. 5 
and 6 show straight Rankine-cycle efficiencies for comparison. 
They are marked A-cycles. 

The advantages of the regenerative cycle are well known and 
have been covered recently in numerous articles as applied to high 


1400 + +— anil 
—_ 700°F | 
| St 600°F | 
1300 7 500 F | 
“| 
— \e | 
& 1200 7 —~ 
+ +Ho.2 } 
© 
= | 
> 
| + | 
2: of? 
Re vie” 
15 1G 8 (9 


Total Entropy 


Fic. 2 Estrimatep Expansion Lines FoR ALL ARRANGEMENTS FOR 
800 Ls.—700 anv 800 Dea. Faur. on Mouurer Dracrau 


initial pressures. For locomotives it is of special importance 
since it increases the machine efficiency and reduces the con- 
denser requirements, as well as bettering the thermal efficiency. 
Thus for 1600 lb. initial pressure at 700 deg. fahr., assuming a0 
adiabatic expansion and the heater efficiencies given in Appendix 
No. 1, approximately 30 per cent of the steam would be condensed 
in the heaters, or only 70 per cent of the condensing effect of 4 
straight Rankine cycle would be required. With three h ater 
nearly half the steam might be condensed in the heaters. 


Heat-ENTROPY AND TEMPERATURE-ENTROPY D1aGRaMs 


In Figs. 1 and 2 the temperature-entropy and heat-entropy 
(or Mollier) diagrams are shown for 800 Ib. pressure and 7(0 deg. 
fahr. and 800 deg. initial temperatures. Fig. 1 also shows 4 
100-deg. fahr. reheat effect. Fig. 1 gives a proportional value 
for the cycle, since when steam is withdrawn to the heaters the 
curve ceases to indicate the true state of the steam. By 
locating the saturation curve an idea of the action can be approx 
mated. On Fig. 2 no steam withdrawal has been indicated not 
reheat effect shown. In addition to the adiabatic, other expat 
sion lines have been drawn to show the estimated results for the 
different arrangements of driving. These lines are of cours 
merely indicative. It should be kept in mind that with the rt 
generative effects considered, only the steam going to the col 
denser would follow the complete expansion shown. (thet 
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portions of the steam would be drawn off at various points of 
the expansion to be condensed in the heaters. It should be noted 
that during the higher pressure and temperature range the ex- 
pansion indicates a better efficiency. This for turbines is due 
mainly to the smaller moisture content and for cylinder expan- 
sions to the reduced exhaust and throttling loss. Thus all steam 
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that is condensed in the heaters can be more efficiently used 
than that going to the condenser. 

The expansion lines on the Mollier diagram are often spoken 
of as the characteristic lines for a steam-driven machine. They 
do not show the efficiency since they do not give the propor- 
tions between radiation, leakage, and friction losses. However, 
they indicate the efficiency when leakage is low, since radiation 
for any machine can be estimated closely. 

In the diagrams shown the action of the steam has been taken 
asa whole. It can more simply and correctly be considered as 
divided up into several parallel cycles. Thus the steam expand- 
ing to each heater or the condenser pressure would form indi- 
vidual Rankine cycles simple to consider. Fig. 3 represents 
the heat and power effects of a group of parallel cycles. It 
is simply a block area with the ordinates indicating the total 
heat per unit quantity of steam and with the abscissas showing 
the proportional amounts. It might be called a heat-distri- 
bution diagram. Thus the ordinates are marked off in B.t.u. 
per pound of steam and the abscissas in percentages. I shows 
the relative per cent of steam condensed in heater No. 1, II that 
condensed in heater No. 2, and finally III the proportion that 
goes to the condenser. 

V is used to indicate the heat drop and h the heat in the ex- 
haust to the heaters. The base line is taken at 100 B.t.u., or 
the approximate heat content per pound of the cooled condenser 
condensate above 0 deg. fahr. The total N areas divided by 
the total H above the base line less the h area would give perfect 
efficiency for the conditions assumed. An approach to actual 
efficiencies can be obtained from this plot. Thus by deducting 
from the N areas the losses due to radiation, leakage, and 
friction, and from the h areas the losses due to heater radiation 
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and ventage, and transferring the drainage loss from h; to hy» 
and from hy to the condenser loss, the actual efficiencies will 
be approximated. This approximation will not allow for leakage 
and friction losses from N,; and N» being utilized in A, and hy, 
respectively, and acting to change the proportions I, II, and ITI. 

The plot of Fig. 4 was prepared to bring out more clearly the 
variance in condenser effect with increased pressure and regener- 
ative effect. Thus the dotted lines show the area for 400 lb. 
pressure and 700 deg. superheat with a single heater. The 
full lines indicate the values for 1600 lb. and 700 deg. with three 
heaters in series. With engine drive, added heating effects 
may sometimes be advantageous to reduce the exhaust volume 
to the condenser. 

EFFICIENCIES 

The term “cycle efficiency” is taken to apply to the ratio 
between the total adiabatic heat drops and the net heat given 
to the steam by the boiler. Thus these efficiencies include 
allowance for heater efficiencies. The methods of figuring these 
efficiencies and the figures they are based on are given in Appendix 
No.1. The curves of Figs. 5 and 6 show the results obtained for 
the different initial temperatures and cycles with the pressure 
varying between 400 and 1600 Ib. In all cases a rapid increase 
in efficiency is indicated up to approximately 800 lb. pressure, 
and a smaller rate of increase above. 

Relatively small changes in heater locations as well as heater 
efficiencies will change the cyclic efficiencies. The locations 
assumed are approximately correct for the best efficiency, but 
are based partly with the idea of securing the best heating effect 
for the minimum heating surface. The location of the reheat 
effect has been taken as coincident with the highest-pressure 
bleeding point. 
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AUXILIARY REQUIREMENTS 


From these cyclic efficiencies the net thermal efficiencies for 
all the arrangements are computed. The first step consists of 
allowing for the auxiliary requirements. Fig. 7 gives the aux- 
iliary requirements for each pound of steam generated. The 
requirements are given in B.t.u. and represent the power cal- 
culated as required at the shaft of the fan, pump, etc., as the 
case may be. The efficiencies assumed and the methods of 
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computing are given in Appendix No. 2. All requirements were . 


found to vary about directly with the pressure, or as a straight 
line. The only auxiliary that shows an increased power for in- 
creasing pressures is the boiler-feed pump. The increase in 
power for this item counterbalances all other decreases so as 
to produce a large total increase. Draft requirements and 
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condenser-auxiliary requirements would vary normally with 
the cycle as well as with the pressure. To avoid too much compli- 
cation an average for the various cycle requirements was assumed 
for each pressure. A total draft head of six inches of water 
was assumed for average loading with the type of boiler and 
furnace considered. For the condenser the principal power 
requirement would be for air blast. With the design suggested 
the train motion would partly furnish the head at high speeds. 
The fan was, however, considered as supplying the total air flow. 

With the first and third arrangements a separate turbo-genera- 
tor is proposed to furnish power for the motor-driven auxiliaries, 
and its machine and transmission efficiencies are shown in Figs. 
8and 10. With arrangements 2 and 4 the transmission efficiency 
is taken the same as for a separate turbo-generator, and the ma- 


chine efficiency the same as for the main drive. It is probable 
that the induced-draft fan and condenser air pump might need 
to be steam-actuated. For convenience they have been con- 
sidered as motor-driven. Where steam is used the net efficiency 
might even be higher if the steam were bled off at some inter- 
mediate pressure. 

Total B.t.u. requirements were thus found for the different 
arrangements and cycles, and were taken from the adialyatic 
heat drops to obtain modified cyclic efficiencies for each arrange- 
ment. From these values the net thermal efficiencies were ob- 
tained by including the boiler, transmission, and machine effi- 
ciencies for each arrangement. 
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MacuHINE EFFICIENCIES 


y” is taken here to indicate the 
ratio between the adiabatic heat drop for any steam expansio® 
and the power delivered by the steam-driven unit. The powe? 
delivered is taken at the shaft for turbines and at the axle 
driving wheels for engine drive. In the latter case only the 
friction of the crankshaft bearings should be included. 

Figs. 8 and 9 show the machine efficiencies estimated for the 
different arrangements, pressures, and cycles. These efficiencies 
are indicated as varying in a straight line with the pressure 
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What efficiencies can actually be realized will depend somewhat 
on the designs that may be evolved. These designs always will 
be compromises in which efficiency will be sacrificed to some 
extent. It s believed that the values set down are conservative. 
The efficiencies are intended to represent what may be attained 
for average loading, or between one-half and three-fourths of 
full load. At the lower pressures the values were taken from 
guarantees and tests on units approximating the power require- 
ments, and deductions were made to allow for the limitations 
probable, due to the special service. With turbines, loading 
below ratings means normally operating at a reduced throttle 
pressure unless by-pass governors are depended on to attain 
rating. In this latter case maximum efficiency would occur 
somewhere below rating. 

The slopes of the turbine-efficiency lines for the higher pres- 
sures are not as steep as have been given in other published 
articles for the Rankine cycle. This is due to two modifications 
introduced. Thus, as pointed out previously and as shown in 
Fig. 4, when the pressure increases, with the cycles used here, 
a greater portion of the steam is condensed in the heaters or in 
the range of higher efficiency. Thus the influence of moisture 
in reducing total efficiency is lessened. This in itself should 
about account for the difference. In addition, it is assumed 
that a considerable proportion of the moisture may be drained 
off to the heaters with the bled steam. This assumption is 
based on the observation that the moisture accumulates near 
the periphery of the turbine as soon as condensation commences, 
due of course to centrifugal force. Since the values for machine 
efficiency do not include heater efficiencies, except for the drop 
in pressure in the steam flow, all efficiencies would be com- 
bination Rankine effects. 

Higher initial superheat and reheat are considered as increas- 
ing the attainable turbine efficiency, due of course ta reducing 
the moisture content. The differential would, however be re- 
duced somewhat since additional superheat and reheat would 
also reduce the heater condensation with the heater locations 
assumed, 

With arrangement No. 1 lower efficiencies were taken than 
for a constant-speed machine, since an average load would natu- 
rally occur at a reduced or less efficient speed. It is probable 
that for freight service where the highest loads are often at low 
speed the efficiencies set down may be high for average loading. 
It is also probable that smaller units would normally be used 
for No. 1. Thus for large locomotives at least two separate 
drives would be required to distribute the driving stresses. 
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Arrangement No. 2 is assumed as one constant-speed turbine 
driving a direct-current generator through gears. Thus the tur- 
bine could be made as best suited for efficiency, aside from the 
Space limitations. 

At present, engine-driven locomotives have a machine efficiency 
of approximately 72 per cent for simple engines at 200 Ib. pres- 
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sure, 550 deg. fahr. temperature, and approximately 20 lb. ex- 
haust pressure. Compound engines operating on 300 to 350 
Ib. and 650 deg. fahr. show about 70 to 71 per cent machine 
efficiency. These figures are a little uncertain as nearly all loco- 
motive tests lump the steam consumption for auxiliaries with 
that used for the main drive. Superheat has no effect on engine 
machine efficiency as here expressed since moisture does not 
lessen it. 
restricted expansion and throttling exhaust at the low exhaust 
pressures assumed here. 
by the use of the uniflow-exhaust principle. 
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2 lb. back pressures for 200 lb. as standard simple engines for 
20 Ib. This is due to reduced cylinder condensation, reduced 
clearance, and a reduction in the exhaust throttling loss. Any 
uniflow cylinders used for locomotives would have to be modified 
to take care of excessive compression and to give a suitable 
starting acceleration. 

As the pressure is increased the relative total expansion-rate 
increase is not entirely in proportion to the steam-volume change 
due to the increased condensation. It further will be reduced 
with the cycles here considered by the heater condensation. 
Thus at 1600 lb. pressure and 700 deg. fahr. nearly 30 per cent 
of the steam will be condensed in the heaters or will operate at 
a fairly high machine efficiency. This point is clearly brought 
out in Fig. 8 where the machine efficiency for a Rankine cycle 
and a three-heater cycle are shown in addition to the curve for 
the two-heater-engine arrangement. In addition, the decreas- 
ing initial volume of the steam with the increase in pressures 
will permit the design of cylinders to be partially proportioned 
to suit the increased expansions. All these features were con- 
sidered carefully in determining the machine efficiencies shown. 
The slope of the curve for engine drive shown in Fig. 8 probably 
could be bettered with a careful design. 


The main loss would be, with engine drive, the 


This loss would be reduced considerably 
In fact, simple 
uniflow engines show about the same machine efficiency with 
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Thus while the initial value of 69 per cent for 200 Ib. is high 
for a Rankine cycle and present equipment used condensing, 
it proves out as conservative with a regenerative cycle and a 
uniflow drive suited for economy. 

In arrangement No. 4 the machine efficiency would be a com- 


cent has been assumed for the gear transmission. This value 
allows for some excess friction due to wear. 
All electric drive has been taken as using direct current with 
a variable generator-voltage control, similar to the Ward Leonard 
control. This arrangement has worked out well with Diesel- 
electric drives. It provides high economy combined with 


al a a simplified control. In the fourth arrangement there 
020 Pgh. a on ] would be a combination of direct drive and electric trans- 
4200 mission. For convemence half the power has been considered 
0.19 02 pe In Appendix No. 3 are set down the itemized efficiencies on 
Pm . a” which the curves of Fig. 10 are based. It will be noted 
LAF ‘taal that a higher efficiency is set down for the motor and gen- 
018 * ZZ erator gear transmission than for the gear drive of No. | 
: ” arrangement. This is due to the lower ratio of transmission, 
i the constant speed for the generator, and the lower power 
rate for the motors. The auxiliary motors are assumed to 
ol be direct-current, shunt or compound-wound. 
THERMAL EFFICIENCIES 
0.16 To summarize algebraically, the formulas below show the 
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ENT INITIAL TEMPERATURES AND CYCLES FOR ARRANGEMENTS 
Nos. 1 AND 2 


bination of engine efficiency at the high pressures and turbine 
efficiency at the lower pressures. The engine efficiency is not 
considered as changing for the different cycles or superheats. 
The low-pressure turbine is considered as increasing in efficiency 
with reheat but as not varied for the initial superheat, since 
with either 700 or 800 deg. initial temperature and without 
superheat this turbine would operate in the saturated zone. 
With provision for drainage between the engine and turbine 
the moisture content in the steam flowing to the turbine should 
be approximately the same for either of the initial superheats 
assumed. 


TRANSMISSION EFFICIENCIES 


Transmission efficiencies for the various arrangements of 
drive and for the auxiliary high-pressure turbine are given in 
Fig. 10. No. 3 arrangement is direct acting, and as noted be- 
fore has no separate transmission mechanism. No. 1 arrange- 
ment uses only a set of gears. A constant efficiency of 95 per 
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values given by the curves of efficiency in Figs. 5, 6, 11, 12, 13, 
and 14. 


N 
E. = Hoh cyclic efficiency, Figs. 5 and 6. 
= H—h E,, E. E», thermal efficiencies, Figs. 11-14 


SASS 


| 


where 
N = total adiabatic heat drop from admission and reheat 
to the heaters and condensers 
IT = total heat in the steam above 32 deg. fahr. 


h = total heat in the water at the high-pressure heater 
outlet, or boiler inlet, above 32 deg. fahr. 

n = heat equivalent of power required for the auxiliaries 

E,, = machine efficiency 

E, = transmission efficiency 

E, = boiler efficiency, taken at 85 per cent. 


The curves of Figs. 11 and 12 illustrate the different efficiencies 
attainable with the different initial superheats and cycles for 
each arrangement. For arrangements 1, 2, and 4, which have 
turbines included, the SR-cycles give in general better results. 
With No. 3 arrangement the variance is of course relative to 
the cyclic variance, while with No. 4 the differences are small 
at the higher and lower pressures. 
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Figs. 13 and 14 compare the efficiencies of all the arrange- 
ments for each different initial superheat and cycle. In all 
cases No. 4 arrangement stands out at the higher pressures above 
the rest. Apparently the increase in efficiency above 1200 lb. 
IS too small to be attractive in any case. In fact, No. 3 arrange- 
ment shows a decrease from approximately 800 Ib. Apparently 
unless the machine efficiency with engine drive could be improved 
over that estimated, it is improbable that it would pay to gen- 
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erate above 400 or 500 lb. with a complete engine drive. For 
further comparison, Fig. 13 shows a curve of estimated efficiencies 
for No. 3 arrangement with three heaters. 

The advantages of the combination taken for No. 4 arrange- 
ment suggests that the use of a low-pressure turbine for driving 
the auxiliaries in No. 3 arrangement might improve the total 
efficiency considerably. The results seem to show, however, 
that the best all-around combination would be the No. 4 arrange- 
ment. No. 1 arrangement on average high speeds such as for 
through passenger service might be preferable due to the lower 
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first cost. However, present experiences in power stations with 
gear transmission at the ratio that would be required would 
indicate that the maintenance for this arrangement might prove 
too high for economical operation. The trials on locomotives 
now in use should soon show whether this form of drive will 
wear. 

While No. 2 arrangement shows a lower average efficiency 
than either No. 1 or No. 4 arrangements, it has certain advantages 
that for some situations might compensate. Thus it would be 
possible to arrange the electric equipment so that it could be 
operated from a trolley or third rail when in an electrified zone. 
In addition it has an advantage over No. 1 arrangement in trac- 
tive characteristics, and over No. 4 arrangement in that the con- 
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densate would be entirely free from oil contamination. It is 
probable that the latter feature might allow for the use of open 
heaters, in which case there would be a possible increase in 
thermal efficiency. 


VALUE oF LOCOMOTIVES 


Thermal economy as noted in the first part of this paper does 
not indicate directly the operating economy of a locomotive. 
For a large portion of the service it has, however, a definite bear- 
ing on the total economy. Thus the relative values of locomo- 
tives may be said to be determined primarily by the ratio be- 
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tween their average yearly capacity or ton-mileage and the 
cost of operation. The capacity of a locomotive for heavy freight 
service varies with its maximum tractive force, its power capacity, 
its proportional time in service, and its reliability of service. 

For the normal speed of freight service, train resistance is 
nearly constant. Accordingly, an increase in power capacity 
will provide a nearly direct increase in speed. Or, in other 
words, the mile-tonnage capacity will be increased directly as 
the power capacity for any given train. At the same speed 
an increase in train tonnage would be needed to provide in- 
creased locomotive capacity. Increases in train tonnage re- 
quire increased tractive force as well as increased power capacity. 
For present conditions it is assumed that the maximum economic 
train tonnage has been reached. Proportional time in service 


and reliability of service are matters to be determined by trial. 
The pressure of operation should not affect these items. The 
design proposed, with its absence from scale trouble, burnt grates, 
and its greater simplicity of boiler, should, however, show materia] 
improvement in both respects. 

With power capacity directly varying as locomotive capacity, 
it has also been assumed that power capacity will directly de- 
pend on thermal efficiency. This would of course hold only 
for designs approximately the same. Of course the drive de- 
sign, say a turbine or engine, would need to vary somewhat with 
the pressure. The boiler and combustion system could, however, 
be the same regardless of pressure for the type suggested. The 
efficiency of heat absorption will not enter into the question as 
long as it is considered constant. It is assumed of course that 
the best design has been selected. Then as the pressure changes 
the thermal efficiency will change. Since the thermal output 
of the boiler is constant, the power capacity must vary as the 
thermal efficiency. Accordingly the locomotive capacity for 
the service considered will vary for otherwise constant condi- 
tions nearly directly as the thermal efficiency. 

Cost of operation of locomotives may be divided as follows: 


20 per cent 
20 per cent 
4 Miscellaneous materials. .... 8 per cent 


This division is tentative and will vary for every difference 
in operating conditions. The first four items are not here con- 
sidered as varying with the pressure. They will vary with 
the design in a greater degree. Fixed charges will vary some- 
what, but it is anticipated that the cost will increase with value, 
though not at the same ratio. The fuel cost or fifth item is 
given as one-third of the total, which is a fair average for different 
conditions, 

Accordingly, the total locomotive operating value would vary 
in a four-thirds proportion to its thermal efficiency. On this 
basis the curves shown in Fig. 17 have been set down. They 
show the variation in valuation between 350 lb. initial pressure 
and 1800 lb. for 700 deg. fahr. initial temperature and both the 
S- and SR-cycles. Only No. 4 arrangement is indicated. 

Valuation of locomotives for heavy express passenger service 
would be on nearly the same basis, though there are other factors 
involved that would be somewhat different for each territory and 
run. 


First Cost 


No attempt has been made in this paper to compare efficiencies 
with those attained by present standard locomotives, since the 
equipment estimated is so different. A comparison of first cost 
also is of dubious value. The present standard-pressure turbine- 
driven locomotives built in Europe are said to cost approximately 
twice the figure for standard construction. These locomotives, 
however, have been specially built, and it is probable that the 
cost cited is therefore no criterion of what would prevail if the new 
designs were built in quantities on a competitive basis. In the 
type of equipment considered in this article there should be 4 
reduction in cost for parts of the equipment, especially so with 
a flash or non-water-line boiler such as is indicated in Fig. |. 
The condenser proposed would also be much simpler than the 
used with the locomotives built in Europe. 

Re-use of the condensate and better thermal efficiency would 
reduce the size of tender required. In view of these consider 
tions an estimate of costs has been made (Table 1). This 
estimate can be compared with the cost of a heavy-duty freight 
locomotive of recent design equipped with all modern accessores 
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and built for 250 lb. pressure. The estimate is based on trac- 
tive-horsepower capacity and was made up for units of approxi- 
mately 4000 tractive horsepower, which is about, if not above, 
the limit for standard units. Costs are estimated for standard- 
ized construction, or no allowances are made for special design, 
and workmanship. On this basis it is felt that the estimates 
are as nearly correct as can be made without designs. 


TABLE 1 ESTIMATED COST OF SUPER-PRESSURE LOCO- 
MOTIVES PER TRACTIVE HORSEPOWER 


Steam pressures, lb. per sq. in. 

400 800 1200 1600 

Arrangement No. 1 $30.00 $31.00 $33.00 $36.00 
Arrangement No, 2 47.00 48.00 49.00 51.00 
Arrangement No. 3 30.00 31.50 35.00 38.00 
Arrangement No. 4 40.00 41.00 42.00 43.50 
Arrangement No. 4-R . 41.50 42.50 43.00 45.00 


Standard three-cylinder locomotives, 250 !tb., $30.00 per tractive horse- 
power 
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Increasing pressure only slightly increases the cost except for 
No. 3 arrangement, the economy of which decreases above 800 


to 1000 lb. No inelusion for reheat is made except in an added 
estimate for No. 4 arrangement marked 4-R. All costs given 
include the tender. 


CONCLUSION 


The curves of efficiency given can apply to any form of steam 
generation and with modifications to any form of drive. In 
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setting forth as requisite the types of equipment suggested, 
safety and practical cost limitations were the main considera- 
tions. It is understood that the success of a super-pressure 
locomotive such as suggested or of any other construction de- 
pends on the correct selection and design of several essential 
details. At the present time it is believed that all the essentials 
can be solved due to recent advancements in knowledge and 
practice. It is felt that to obtain the best solution with respect 
to some of the features involved, tests and operating trials are 
needed. 


Appendix No. 1 


‘THE proportions of steam discharged to heaters and condensers are 
taken as I, II, III, ete., respectively. 

The heater loss by radiation and ventage plus one is taken as /, or 
for a 5 per cent loss as assumed, f = 1.05 in all cases. 
Thus 


for closed heaters 


1.20 


a 


Relative Valuation 
Oo 


8 


095 


600 800 1000 =: 1200 1400 =: 1600 1800 2000 
Absolute Pressure, Lb. per Sq. In.~ 700 Deg. Fahr. Temp. 


Fic. 17,,No. 4 ARRANGEMENT VARIANCE IN LOCOMOTIVE VALUATION 
Basep ON THERMAL EFricieENcy 


Sethe Thi) 
II = ete 
Ss(hs — he) (1 + II) 
III = ete. 
I = a ox for open heaters 
—I) 


(He + 


(Hs + hs)Qs 
Where h = heat given to one pound of feedwater in the heater 
H = heat in each pound of steam flowing to the heater 
less the heat per pound of liquid at the heater 
discharge 
Q = quality of the steam flowing to the heater. 


In the case of the closed heaters no allowance is made for any heat 
being given up by the condensed steam below the discharge-water 
temperature. In well-designed heaters in good condition the drain- 
age should be well below the temperature of the discharge water. In 
usual practice it is very close to the maximum water temperature. 
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This heat is considered as used in the heater of lower pressure or 
for the lowest-pressure heater as discharging to the condenser. 

Temperature of heater discharge is taken for closed heaters as 10 
deg. fahr. below saturated steam temperature, and for open heaters as 
5 deg. fahr. lower. 

As here used, h should not be confused with / as used to represent 
total heat in feedwater at highest-temperature-heater discharge, in 
the formulas for FE, and E; given in the paper. 

In all cases the pressures given are absolute and the condenser 
pressure is taken at 2 lb. or 126.1 deg. fahr. 

In figuring heater effects the temperature of the supply water was 


TABLE 2 TEMPERATURES OF STEAM TO HEATERS IN DEG 
FAHR. 


Steam temperature — Pressure, Ib. per sq. in.—— 
cycle Heater No. 400 600 800 1200 1600 
700 deg. S =Cycle 1 294.8 306.6 317.0 327.7 3584 
2 209.6 213.0 216.3 228.0 237 .8 
800 deg. S =Cycle 1 259.3 300.0 317.0 327 .7 358.4 
2 193.2 209.6 216.3 228.0 237.8 
700 deg. SR = Cycle 1 294.8 , 317.0 327.7 358.4 
2 209 6 216.3 228.0 237.8 
800 deg. SR = Cycle 1 259.3 285.8 317.0 327.7 358.4 
2 193.2 202.0 216.3 228.0 237.8 
700 deg. S = Cycle 1 only 228.0 242.2 254.0 
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Fic. 20 ARRANGEMENT OF No. 4 Drive 


taken at 100 deg. fahr. or 26.1 deg. below condenser steam tempera- 
ture. 

Subscripts indicate heat effect. Thus i; refers to the heat given 
to the feedwater in No. 1 or the highest-pressure heater. For two 
heaters III indicates the proportion of steam entering the condensers. 
Values I, II, and III include steam and such moisture as would be 
present due to adiabatic expansion. 

Reheat. When reheat is added the moisture content in the steam 


is considered as being evaporated and the total mixture raise’ 
superheated steam at 100 deg. fahr. above the saturated-stean 
perature. It is anticipated that a portion of the moisture may ' 
drained off, which would very slightly increase the efficiency, 5U 
no allowance is made. 

All pressures given are absolute and all temperatures fal: nhel 
The temperature of the feedwater supply is taken at 100 deg. fair 
for all cycles, including the Rankine or A-cycle. 
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Appendix No. 2 


Pump 
" bat PV X 144 X 42.416 
B.t.u._per pound = X 0.60 


where P = boiler pressure plus pressure drop through piping and 
boilers, |b. per sq. in. 
V = volume in cu. ft. of 1 lb. of water at suction temperature, 
say, 100 deg. fahr. = 0.01615. With open heaters V 
would average higher and the pump efficiency would 
be lower, but the average quantity of water pumped 
would be less. 


= 0.00497 P, say = 0.005 P 


TABLE 3 
Average pressure drops, 
Ib. per sq. in. 


Average 
B.t.u. power equiv 


Boiler pressure 
Ib. per sq. in 
400 100 


S00 100 4.5 
1200 100 6.5 
1600 100 & 5 


CONDENSER AUXILIARY 

The condensate pump and air pump are rather small items and 
have been included among the miscellaneous items. 

The work of the fan would vary with the initial temperature and 
cycle as well as the pressure. An average of the values for each 
pressure is assumed. This makes the requirements set down for 
700 deg. and the S-cycle slightly high and for SOO deg. and the 
SR-cycle slightly low. 

B.t.u. power equiv. = 0.3175 W 


where W = Ib. of air per lb. of steam. 


(Atmospheric temperature = 70 deg. fahr. 
Efficiency of fan = 55 per cent. 
Static head, average load, = 2 in. of water. 
H =x ill 
W=— — 
SO 


where H = heat in each pound of steam entering the condenser above 
120 deg. fahr. 
Ill = per cent of total steam flowing to the condenser. 
The air at 70 deg. is assumed 60 per cent humidity. 
The discharge temperature of the air is assumed to be 120 deg. 
fahr., with a humidity of 95 per cent. 
Then 1 lb. dry air, 70 deg. to 120 deg. fahr. = 12.5 B.t.u. 
Evaporation of 0.07185 lb. of water = 69.6 B.t.u. 
Raising temp. of 0.07185 lb. of water to 120 deg. fahr. = 3.6 
B.t.u. 
Total heat absorption per Ib. of air = 85.7 B.t.u. 
Take 


TABLE 4 WEIGHTS OF AIR PER POUND OF STEAM 


——Absolute steam pressures, |b. per sq. in.- 


Temperature and cycle 400 800 1200 1600 
700 deg. fahr. —S & 60 7.84 7 6.51 
700 deg. fahr RS 9.16 8.55 s 7.65 
800 deg. fahr Ss 9.31 ae | 7 6.9 

SOO deg. fahr RS 9 745 8 65 Ss 7.75 
Average 9 204 8.285 7 7.202 
B.t.u 2.92 2.635 2 2.28 


DRarr 
With 55 per cent boiler efficiency, 6 in. of water per sq. in. average 
static head, 400 deg. fahr. average temperatures of air and gas through 
blowers, blower efficiency taken as 60 per cent and weight of gases and 
air aver ged at 15.5 lb. per pound of coal. 
With coal at 13,500 B.t.u. per Ib., 11,500 B.t.u. to steam per Ib. of 
coal, 
v 6 2.416 
B.t.u. per lb. of coal = 
27.7 X 33,000 XK 0.60 
V for 15.5 lb. and 400 deg. fahr. = 337 


= 0.0114X6xK V 


B.t.u. power equiv. = 23.06 
Absolute steam pressures, |b. per sq. in. 
400 SOO 1200 1600 
Lb. of steam, average, for 
different initial temperatures 
and cycles, per lb. of coal = 9 


75 10.11 10.24 10.7 
B.t.u. per lb. steam = 2.36 2.28 2.25 : 
TABLE 7 SUMMARY, B.T.U. FOR AUXILIARIES 


Pressure, Ib per sq. in 400 800 1200 1600 
Boiler-feed pump 


2.3 4 6.5 8.5 
oadenser 2 92 2 635 2 49 2.28 
Draft 2.36 2.28 2.25 2.15 
Small pumps and miscellaneous... 1.7 1.6 1.5 1.4 

otal 9.48 11.015 12.74 14.33 
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A straight-line variance was assumed for all cases since the results 


indicated the approximate correctness of that assumption. 


Appendix No. 3 


TRANSMISSION 


No. 1 Arrangement—Geared Turbine Drive. Tests and operation of 
reduction gearing for powers of from 1000 to 6000 horsepower, and 
reduction from 15 and 25 to 1 show an average of 97 to 9S per cent 
efficiency when in perfect condition for stationary drive. When 
wearing begins the efficiency reduces. For the conditions and 
service 95 per cent was assumed as a probable average. 

No. 2 Arrangement—Turbo-Generator with Motor Drive. Generator- 
voltage speed control, direct current, turbo-generator drive through 
reduction gears. 


Starting up Conn. ¥Spray Pump 


Cylinders / Condensate Pump 


Jarety MOS. 


Cylinders 
Heaters 


Fic. 21 DiaGram or CONNECTIONS, No. 4 ARRANGEMENT 


Loads 3/4 full 
Gearing and generator. S7T.00 92.0 93.0 92.0 
Motor 80.00 87.0 89.5 S9_O 
Motor gearing 97.00 97.0 97.0 97.0 
Total 67.50 77.5 79.5 


No. 3 Arrangement—Engine Drive Direct Acting. Transmiasion 
100 per cent efficient. 

No. 4 Arrangement—Engine. 
turbo-generator. 


High-pressure and low-pressure 


Half load, per cent 100 100 100 100 
Half load, per cent 66.5 76.5 79.5 758.5 
Total average 83.25 88.25 89.75 89.25 


Auxiliary Drive, turbo-generator motor: 


Loads 3/4 full 
Turbo-generator gears 97 97 a7 
Generator S2 SS ST SS 


Motors 75 sO S3 


Total average 59.5 6’ 70 71 


When the auxiliary generator is on the main shaft the same effi- 
ciency of transmission is assumed as for the separate turbo-gener 
ator drive. 


Discussion 


Lawrorp H. Fry. The writer has read and heard Mr. Tag- 
gart’s paper with much interest. In reading it there came to 
his mind a text which, if memory serves accurately, runs: ‘With- 
out vision the spirit dieth.”’ It seems to the writer that Mr. 
Taggart has given us a very interesting vision of what is possible 
for the steam locomotive of the future. It is a brilliant concep- 
tion of what we may yet see. Of course we all realize that be- 
tween conception and independent life there must come a diffi- 
cult period of considerable length. Before the economies fore- 
shadowed take shape there are many problems of design and 
construction to be solved, and probably it will be some time 
before Mr. Taggart’s arrangement No. 4 is in active operation. 

The economies proposed have been shown to be possible in 
stationary practice, but when they are to be obtained within 
the restricted limits allowed the locomotive designer, the diffi- 
culties of realization are increased greatly. 


2? Metallurgical Engineer, Standard Steel Works Co., Burnham, Pa. 
Mem. A.8.M.E. 
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One feature in particular has caught the writer's attention. 
Mr. Taggart figures on a boiler efficiency of 85 per cent. This 
requires a very high efficiency of combustion of the fuel—prob- 
ably 95 per cent or better. Now, efficiency of combustion is 
largely dependent on the volume provided for combustion. The 
paper does not give any dimensions, but by a rough process of 
scaling it is estimated that the firebox is approximately 8 ft. in 
diameter and 16 ft. long. This gives about 800 cu. ft. of com- 
bustion volume. An output of 4000 horsepower at 1 lb. of coal 
per horsepower-hour will require the production of 50,000,000 
B.t.u. per hour, or about 63,000 B.t.u. per cu. ft. per hour. Such 
concentrated heat production has been obtained in a few cases 
in stationary practice, but much lower rates are usual, and unless 
unusual precautions are taken difficulty with ash and slag re- 
moval will be encountered. 


L. K. Srticox.* The successful introduction of the high- 
pressure steam locomotive depends upon a complete, clear, and 
correct exposition of every known fact surrounding the subject 
in all of its phases. Mr. Taggart deserves every commendation 
for the manner in which he has handled the involved problem 
covered by his excellent paper and the writer will only attempt 
to briefly state certain requirements in the selection of a de- 
sign of locomotive which appear to be fundamentally necessary. 

Weight limitations are all-important and come increasingly 
into considerations of design for modern power. Other things, 
being equal, that engine which can develop the most power at the 
drawbar for the least weight on the rails and at the lowest cost 
is the one which must in the end hold the greatest favor. 

What is required is not only an increase in power of the loco- 
motive itself, but a reduction in maintenance and operating 
costs, having at the same time regard to the initial cost of 
the unit itself. With thousands of steam locomotives held 
idle and in good working order awaiting service at a time 
of peak business, it is apparent that any new construction 
offered will need to be sufficiently economical in operation to 
provide an adequate return to carry its own fixed charges for inter- 
est, insurance, taxes, and depreciation, in conjunction with 
an equal amount to currently retire the value of motive power 
displaced, otherwise no substantial progress in the way of new 
construction can reasonably be expected. Undoubtedly loco- 
motive builders are approaching the various railroad adminis- 
trations along this line. For this reason it is highly desirable 
that everything possible should be done to encourage every aim 
toward improvement in construction and design which holds 
any promise of value. 

The principal considerations which have to be taken into ac- 
count in the development of designs for locomotives are: 


1 Maximum service availability 

2 Maximum reliability 

3 Minimum weight with maximum power, at the draw- 
bar, rear of tender 

4 Minimum maintenance expense 

5 Minimum fuel and water consumption per unit of ser- 
vice rendered 

6 Minimum initial cost consistent with items 1 to 5, in- 
clusive. 


The thermal efficiency of the modern locomotive is not high, 
and there is, for this reason, a large opportunity for the improve- 
ment of design and construction in this respect. Financial 
results do represent the controlling factor, and it is no easy matter 
to justify the elimination of many so-called obsolete locomotives 
which are not yet written off the books because of insufficient 


* Assistant to President, N. Y. Air Brake Co., E. Works, Water- 
town, N. Y. Mem. A.S.M.E. 


accumulated depreciation reserve. In the same way it may 
easily result that one locomotive will develop tractive power 
on more money (fixed charges and full expense considered) but 
less coal than another locomotive using more coal but having 
a lesser investment or fixed charge. What is most needed is a 
clear conception of what particular design is best suited to the 
particular service considered, in order to make certain that every 
advantage has been taken of progress in practice when the loco- 
motive goes into service, and not start a unit in life with a handi- 
cap of obsolescence. The very fact that designs are being im- 
proved and radically changed from former practice has undoul)t- 
edly resulted in a sense of hesitation or caution on the part of 
purchasers, because of the uncertainty of what future progress 
holds in store. Sufficient progress has already been made to 
justify the displacement of almost any locomotive twelve or more 
years old, provided the service requirements are such as to keep 
the new unit utilized to a normal degree. Using one’s best dis- 
cretion, which is the superior engine? The problem involves two 
avenues of measurement. The question is still further confused 
by the problem of utilization, and one of the main steps toward 
financial improvement will, undoubtedly, be in the increase 
of this important value. When this is done, aside from the ca- 
pacity factor, fuel expense will gain in rank as compared with 
investment expense. 

The locomotive is essentially a power unit, but individual 
classes of locomotives vary over a wide range of capacity: the 
high-powered freight unit, as in the 2-8-2 type, or Mikado class, 
and 2-10-2 type, or Santa Fe class, being those which have 
been most usually considered for freight service, while the 4-8-4 
type, or Hudson class, and 4-8-4 type, or Northern class, are 
now largely employed for conveying passenger trains. 

When high-pressure steam is contemplated and, viewing ulti- 
mates, in so far as present outlook permits, we need to realize 
the existence of a possible strong competitor in the form of the 
Diesel engine, because the strength of the latter lies in its high 
thermal efficiency. The steam engine in order to hold its place 
must achieve economical improvement to a point at which it 
is in open and reasonable equality with the internal-combustion 
locomotive. It seems that this equality is promised by high- 
pressure conditions. When considering comparative perform- 
ances as a test of success it is necessary to give strict thought 
to the varying grades of fuel employed in order to arrive at abso- 
lute and relative thermal efficiencies. The investment-cost 
factor may be definitely in favor of the steam locomotive, even 
with the additions due to the more expensive apparatus for high 
pressure, and, inasmuch as this feature has a large bearing on 
operating costs, it should provide an element to be considered 
when choice of systems is involved. 

Reliability of operation is a vital requirement in railroad 
service, because it involves not only the feature of giving satis 
factory service to the public but also influences, to a major de- 
gree, the all-important problem, namely, the availability fac- 
tor of the locomotive as an earning unit. Existing steam loco 
motives have proved themselves successful in this respect, 
gardless of maintenance expense to attain this end, and evet 
though there are bound to be some initial difficulties in the appli- 
cation of higher pressures and temperatures, there really should 
be no ultimate handicap on this account. The feature of pr: yperly 
selecting materials represents the main responsibility in achieve 
ment, because high pressures and superheats, through stres 
action, and the weakening influence of temperature increase the 
severity of the conditions which the materials have to withstand. 
The reduced strength of metals at high temperatures is, howeve!, 
the primary and most definite effect to be considered. The 
question of materials does decide temperature values, and the 
same information guides to a very great extent the point 
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view with respect to pressure limitations. As operating pres- 
sures increase, the necessity for employing steam expansively 
in the cylinders is made very important and the feedwater prob- 
lem more serious. The pretreatment of feedwater to remove 
the hard seale-forming bases by methods that do not produce 
harmful gases in the steam, is a chemical problem worthy of the 
most serious attention, while deaeration of the condensate to 
remove oxygen and other gases that may aid corrosion is really 
a feature of purely mechanical procedure. With high steam 
pressures and the possibility of safety valves blowing off, the 
noise is a real nuisance; and then, again, the feature of having 
the safety valve close tightly against increased pressures needs 
due consideration. 

When all is said and done, our task is that of producing power, 
in a practicable way, at the lowest overall cost. This involves 
not only the conservation of weight and fuel but of capital as well, 
and the latter is made up of two factors, namely: (1) the price 
paid for the locomotive, and (2) its probable life. 


Cuartes J. Torn.‘ In the endeavor to develop the steam 
locomotive to the highest possible state of efficiency, it is fair 
to assume that itis entirely out of the question to continue with the 
early tradition. We are simply adding new devices and equip- 
ment to a conventional-type mechanical structure which, ba- 
sically, does not differ from the designs laid down half a century 
ago. 


IMPROVEMENT IN POWER PLANTS 


We are rather faced to attack this important problem on the 
basis of a general redesign of our conventional-type locomotive, 
and to this end we must, most logically, follow more closely 
modern power-plant practice. It is only and exclusively in 
this field where we can find realized all the structural refinements 
and, above all, all the perfectly service-tested design features 
the incorporation of which will be indispensable to build a highly 
efficient steam locomotive. 

In the trend toward adapting to locomotive practice all the ap- 
proved heat-saving appliances of our modern central stations, of 
course, due allowance has to be made to all the special problems 
which arise in locomotive practice owing to conditions peculiar 
to that service. In the course of this delicate work we shall find 
that certain difficulties may arise, particularly due to the fact 
that weight and space are at more of a premium in locomo- 
tive design than they are in any other steam plant; but, 
in the light of present knowledge and experience, the eventual 
difficulties are by no means insurmountable and require only 
care in design. 

Taking now into thorough account the present power-plant 
situation and reviewing every detail of the research and de- 
velopment work already done, we see that the very rapid 
progress of power-plant development seems to have replaced a 
stage where the station efficiencies were getting close to the ulti- 
mate possibilities of the steam cycle generally employed. 

With regard to the conventional type of stationary plant, it 
is now thought that the use of a steam pressure of 1250 
lb. per sq. in. represents the ultimate practical limit, and that 
there can be hardly a practical gain in going to steam pressures 
in excess of that figure, at least as long as we resort to the conven- 
tional method of steam generation with all its inherent difficulties 
due to priming and boiling. In fact, it can be stated with safety 
that the theoretical gain that can be achieved above this pres- 
sure is so small that the cost of getting it is likely to out- 


— the small percentage of improvement that can be accom- 
plished. 


‘ Montevideo, Uruguay, S. A. 
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Super-PressurE GENERATING SYSTEM 


Fortunately enough, just at the time when the possibilities 
for a further improved power-plant practice seemed to be be- 
yond the scope of the engineers’ ability to solve, there appeared 
new schemes in the form of the perfection of other than the con- 
ventional steam-generating cycles (Atmos, Loeffler, Benson, 
ete.), and we are now permitted to look with more optimism into 
the future. 

All the pioneer work undertaken in connection with these 
new schemes and carried out with the purpose of showing that 
the results which can be expected are reasonably satisfactory, 
is very well advanced, and all the original claims seem to be com- 
pletely substantiated. The test results obtained with different 
experimental plants leave little doubt about the fact that sub- 
stantially lowered guaranteed fuel consumptions may be obtained 
and that, finally, we may foresee a theoretical plant efficiency 
equivalent to a fuel consumption of 7300 B.t.u. per hp-hr. 
output. 


SupeR-PRESSURES FOR LOCOMOTIVES 


What particularly distinguishes our interest in the subject 
of the new steam-generating schemes is the fact that, aside from 
the very low fuel consumption, the new-type plants are of a 
reduced size and weight, and perhaps owing to their relative 
simplicity considerably cheaper to build and to maintain than 
is the case with a conventional-type plant of equal capacity. 
Hence, in spite of the existing limitations in locomotive design, 
due to crowded clearance and restrictive weights, it will be easier 
to adapt to locomotive practice the new super-pressure plants 
than was the case with the heavier and bulkier conventional- 
type high-pressure plants. 

To appreciate properly the value of the new locomotives, 
we must, most logically, introduce more up-to-date standards 
of comparison and scrap certain misconceptions which form the 
basis from which much erroneous reasoning emanates. Neither 
must we be hampered by men whose visions cannot extend 
beyond next year’s dividends and who cannot see the future 
which lies before railway locomotion. 

The proposed locomotives will be much costlier to build than 
any of our present-day locomotives, but if the deciding utility 
factor, the ton-mile-hour capacity, is examined, the consider- 
ably increased earning capacity of the new locomotive becomes 
most evident, and this item alone justifies part of the 200 to 
220 per cent higher cost of construction. If, then, we consider 
the intensive continuous utilization of the modern power plant 
and imagine keeping in operation the new locomotives during 
several days continuously, instead of confining them to six to 
nine hours’ work per day, we can see a single new locomotive 
replacing two or even three of the conventional-type engines 
and so fully justifying the increased cost of construction. 

Such being the case, all the other items, such as the considerable 
savings on account of fuel economy (an average of 11,000 B.t.u. 
per horsepower as against the present figure of 31,000), the lessened 
boiler troubles owing to the use of pure condensate as feedwater, 
and, last but by no means least, the lowering of track-maintenance 
costs due to the greatly improved roadability, will represent 
additional assets in favor of the new locomotives. 


A TENTATIVE DesiGn or SuPER-PRESSURE LOCOMOTIVE 


A tentative design of a super-pressure locomotive, shown 
in Fig. 22, has been developed on the basis of the following con- 
siderations: 

As the steam turbine is more readily adaptable to the most 
severe steam conditions and seems to be, more than any exist- 
ing reciprocating engine, reliable under extreme working pres- 
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sures and temperatures, the new design has been developed as a 
steam-turbine locomotive. 

The steam, generated at critical pressure, is throttled to more 
moderate conditions and its temperature subsequently increased 
to a proper relative figure. The first expansion is arranged to 
take place within the stationary nozzles of the primary turbines 
so as to supply steam of moderate temperature to the impulse 
blading. In this way the highest temperatures will remain 
confined to the piping and high-pressure nozzles, these latter 
conveniently arranged within special chambers mounted sepa- 
rately from the turbine cylinder, except for points of attachments 
and guides. 
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will be composed of two power trucks, one carrying the boiler 
plant, high-pressure turbines, and the principal control organs, 
and the other carrying the low-pressure turbine, the complete con- 
densing equipment, and the fuel and water tanks. 

Owing to the largely fluctuating load characteristics which 
prevail in railroad operating practice, it is proposed to use oil 
fuel in order to permit the necessary very flexible fire control, 
With certain refinement and perfections in the design of the 
corresponding equipment, it will be possible later to resort to 
powdered-coal-firing systems. 

To provide for the perfect self-contained operation of the plant 
as a whole, the super-pressure plant will be in direct combination 
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Fic. 22 ELEVATION AND SECTIONAL VIEWS OF PROPOSED C'RITICAL-PRESSURE CONDENSING STEAM-TURBINE LocoMOTIV! 
(A—side elevation; B—sectional view showing heating tubes; C—sectional view of primary turbine; D—sectional view showing interstage superhieatet 


Compound turbines have been adopted for, among others, the 
following reasons: 

1 The cross-compound arrangement of turbines machinery 
is less likely to be completely incapacitated and represents, 
therefore, a greater degree of potential reliability, so essential 
in railroad work. 

2 Further assurance of the greater overall potential relia- 
bility lies in the arrangement for the independent operation 
of any of the prime-mover elements involved. 

3 Within a subdivided machinery it is easier to localize any 
operating trouble. 

4 The reheating cycle, so important in any thermal process, 
becomes more advantageous with subdivided machinery. 

5 The compound-turbine arrangement is of utmost impor- 
tance from the point of view of permitting a greater percentage 
of the total locomotive weight being utilized as adhesive weight, 
and, consequently, the attainment of maximum capacity on the 
adhesive range with a given maximum weight of the locomotive. 

In consideration of the foregoing the proposed locomotive 


with a barrel-type boiler (the cheapest design and permitting 
a large amount of water reserve with a relatively light-weight 
boiler structure) designed to carry a steam pressure up to 325 
Ib. per sq. in. 

The critical-pressure generator will consist of bundles o! 


in. inside- and 1''/g-in. outside-diameter tubes, subdivided 
into 16 groups with 8 groups located on each side of the loco- 


motive. 

In view of the recognized fact that the valuable heat of the 
furnace is the radiant heat and that it is not productive of best 
results to reflect it too much back and forth between costly and 
easily destroyed walls of firebrick, it is proposed to place the tubes 
constituting the primary evaporative section in the form of § 
“close screen” near the furnace walls. So the tubes of thes 
sections a receive the direct radiating heat of the flame, and 
the same time the furnace walls are prevented from heating UP 
to the fusing temperature. 

The highly preheated feedwater extracted from the barre 
boiler will be delivered by means of a plunger pump, at critic 
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pressure, to the tube sections a. The water enters these tubes 
at a pressure of 3250 lb. per sq. in. in the front portions of the 
suecessive coils, so that operation proceeds on the counter-current 
principle. 

After acquiring a small amount of superheat within the pri- 
mary coils, thus providing a margin of safety to insure that 
the critical point is passed before the fluid leaves the coils, the 
steam will pass through the tube bundles b where the evapora- 
tion will be completed. The temperature of the steam at the 
entrance will be about 730 deg. fahr., and at the exit about 
790 deg. 

The pressure then will be throttled to 1750 Ib. and the tem- 
perature brought back near the conditions of saturation. Next 
it will pass through the tubes of sections c where its temperature 
will be again raised, and according to the actual load conditions 
may reach up to 800 deg. fahr. 

The highly superheated steam will expend a portion of its 
energy Within two two-stage primary turbines (one of them 
shown at C in Fig. 1) and will exhaust at about 300 Ib. pressure. 
It is proposed to operate the two primary turbines in series as 
regards steam flow and in parallel mechanically. Each turbine 
is to be overhung on its shaft, thus avoiding the necessity of 
employing high-pressure packings. 

The exhaust steam, at about 300 Ib. pressure, will be led first 
through the interstage superheater located at the front portion 
of the boiler plant (Fig. 22, D) in the direct path of the combustion 
gases where they leave the critical-pressure boiler and, after 
having been reversed in their direction of flow, will enter the 
barrel boiler. Here it will be reheated to about 680 to 700 deg. 
fahr. and then carried to the low-pressure turbine located on 
the front portion of the tender truck. 

A pressure-regulating device incorporated in one of the pres- 
sure stages of the main turbine will control the speed of the 
critical-pressure feed pump, and thus the output of the critical- 
pressure steam generator. A similar arrangement is being made 
lor the automatic regulation of the air supply and the output 
of the fuel pump, with the consequent variation in the amount 
of fuel fed into the main burners. Eventually, with diminishing 
loads, some of the six main burners may be cut out of operation. 

The critical-pressure boiler is being designed to produce up 
to 12,500 lb. of steam per hour. The tubes of each evaporative 
section a will have 109 sq. ft. of heating surface, hence a total 
of 872 sq. ft. within the eight sections (four on each side of the 
locomotive). Within sections 6 and ¢ the tubes will be placed 
horizontally (Fig. 22, B), each section's tubes having a heating sur- 
lace of 308 sq. ft. Thus the distribution of the total heating 
surface to the different tube sections will be as follows: 8 sec- 
lions a, S72 sq. ft.; 6 sections b, 1848 sq. ft.; 2 sections c, 616 
Sq. It., making a total of 3336 sq. ft. 

All connections to the high-pressure tube sections a, b, and 
¢ will be located outside the furnace space, within special com- 
partments on both sides of the boiler, and easily accessible. The 
tube sections of the super-pressure plant are designed for easy 
and individual removal. 

The low-pressure section of the steam-generating plant will 
Consist essentially of a barrel boiler with 100 per cent water and 
filled completely with fire tubes providing for a total heating 
surlace of 2240 sq. ft. A steam drum is to be located on top 
of the barrel boiler and extending nearly its full length. The 
barrel boiler will have two lateral cylindrical portions, each 
containing a large-diameter fire flue and an auxiliary burner 
within each flue. In another design the two large-diameter 
fire flues have been incorporated into the interior of the barrel 
'r. The object of this arrangement is to provide means for 
the independent generation of 325-lb. steam in the event that the 
Super-pressure generator be out of commission. 
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It is intended that the auxiliary burners shall enter into opera- 
tion only for the generation of the steam necessary to start the 
operation of the super-pressure boiler. But, of course, this 
arrangement provides also for the possible operation of the 
locomotive as a 325-lb. pressure-turbine locomotive, if required 
through the unlikely event of a complete failure of the critical- 
pressure plant. In the latter event the 325-lb. steam will be 
superheated within the coils, which, in ordinary operation, will 
serve as interstage reheaters of the working steam. It may be 
added that in this form of operating the locomotive, the tubing 
of the super-pressure plant will not come into direct contact with 
the combustion gases leaving the auxiliary burners. 

The interstage superheater (left-hand portion of Fig. 22, D) 
will be built up of !*/,,-in.-diameter tubes placed vertically and 
expanded into cylindrical headers. Appropriate extensions on 
the headers will contain all the necessary valves for the control 
of the following alternate methods of operation: 

1 Give free passage for the working steam between the pri- 
mary and low-pressure turbines without the addition of steam 
from the barrel boiler. 

2 The same function as under 1 with the difference that 
steam is added from the barrel boiler to the interstage steam in 
varying amounts according to the momentary load conditions. 

3 Cut off the communication between the primary and low- 
pressure turbines and admit steam direct from the barrel boiler 
for the operation of the low-pressure ahead turbine. 

4 As under 3 with the difference that the steam admitted 
is for the operation of the low-pressure reversing turbine. 

No high-pressure reversing turbines are specified, the ides 
being to avoid the necessary arrangement of duplicate high- 
pressure turbines or else the arrangement of reversing gear. 

To lessen the necessity for the operation of the auxiliary burn- 
ers, the following arrangement has been adopted: 

A bypass in the 1750-Ib. steam piping between the primary 
turbines and the steam generator will be provided. During 
the periods of stopping the primary turbines, the critical-pressure 
plant will be kept operating, at a lower or the lowest possible 
rate of output, and the highly superheated steam thus generated 
admitted to a series of heating elements located within the lower 
portion of the barrel boiler. Within these elements the live steam 
will first be desuperheated and then expanded by means of ade- 
quate nozzles down to the pressure existing within the barrel 
boiler, and its heat content completely exchanged with the water 
content of the barrel boiler. 

All prime movers are designed for a maximum speed of 8900 
r.p.m. and are provided with exactly identical double-reduction 
gearing of a ratio of 1:24. The design of the primary turbines 
has already been indicated and is shown in Fig. 22,C. The low- 
pressure turbine consists of a two-stage impulse wheel and nine 
rows of reaction blading for the ahead turbine. On the same 
shaft is provided a two-stage impulse wheel and four rows of 
reaction blading for the reversing turbine. 

Of course, with a view of cutting costs it would be perfectly 
feasible to adopt the complete low-pressure turbine, condensing 
equipment and auxiliaries of one of the perfectly service-tested 
turbine locomotives and dispose all this equipment on a tender 
truck. (Either the Zoelly of the Ljungstrém locomotive equip- 
ment is available.) Such a truck would then be combined with 
one carrying the steam generator and the primary turbines, 
ete. Since little experimentation is necessary with the above- 
mentioned low-pressure turbine equipment, the expenses would 
be confined to experiments with the super-pressure machinery. 
Thus the proceedings which are being adopted with good results 
in experimental super-pressure central stations would be followed. 

The framing of both trucks, located outside the wheels, is 
cast in one piece with all necessary transverse members and 
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bedplates. The manner of coupling the two trucks together 
through the use of a pivot pin and a pony truck is indicated in 
Fig. 22, A. 

It is not considered necessary to give at present a more de- 
tailed description of the condensing equipment, as this is sup- 
posed to be well known from data on the many existing turbine 
locomotives. However, the writer would state that he is in- 
clined to favor the application of a surface-condenser system, 
as this type of equipment is much less delicate than the evaporat- 
ing-type condenser. The method of recooling the circulating 
water is the well-known sprinkler system. 

The general arrangement of the auxiliaries inherent to the con- 
densing equipment also need not be described, as this is the 
same as employed on existing turbine locomotives. However, 
attention may be directed to the application of a duplicate draft 
arrangement. An induced-draft fan, turbine-driven, is located 
at the left end of the smokebox, and a foreed-draft fan is located 
beneath the smokebox. The turbine drive of the latter is in 
direct combination with the drive of the fuel pump so that the 
output of the fuel is automatically adjusted to the amount of 
of preheated combustion air delivered to the burner castings. 
The forced-draft fan draws the combustion air through the 
preheater which is located within the smokebox and has a total 
heating surface of 1850 sq. ft. 

No feedwater heater is provided, the waste heat in the flue 
gases being restored to the system by means of the air preheater. 

The pure condensate available for the boiler feed is preheated 
by means of the steam exhausting from the engine driving the 
critical-pressure plunger pump and from the turbines driving 
the draft fans. 

The critical-pressure plunger pump is located within a special 
compartment of the cab, where it is as convenient as any of the 
principal steam control valves. 

As regards the location of the cab at the front end of the loco- 
motive, the writer believes little discussion as to the advantages 
is necessary. It appears illogical to impose ever greater responsi- 
bility upon the engineman and in addition confine him behind 
a 30-ft. to 50-ft. boiler structure of excessive cross-sectional area 
where he remains bereft of the clear vision so essential from the 
standpoint of safety in train operation. 


CONCLUSIONS 


Railway authorities who are conscientiously aware of their 
great responsibilities should take into consideration all the ways 
and means available to bring the steam locomotive to the highest 
possible state of efficiency. If they come to the conclusion that 
the adaptation of some service-tested method will really bring 
about important advantages in operating efficiency and economy 
there is no necessity for insisting on going step by step through 
all the possible intermediate and less efficient development 
stages. We are perfectly justified in making an important un- 
conventional jump forward, the more so because it brings us 
nearer to the desired goal. In this the writer believes all inter- 
ested parties, will concur. 

From the standpoint of an impartial judgment it may be 
stated with safety that there is nothing freakish about the real- 
ization of a critical-pressure locomotive, because actual practice 
has taught us how to control with reasonably satisfactory re- 
sults steam of extreme pressure and temperature conditions. 
Moreover, it is well to keep in mind the fact that for a long time 
hydraulic and pneumatic plants have been in successful operation 
at pressures of several thousands of pounds per square inch. 

In our internal-combustion engines, in addition to high pres- 
sures we also encounter temperatures far in excess of those con- 
templated within the proposed super-pressure locomotive. 

Why then should we have doubts about the possible perfect 


48 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


control of high pressures and temperatures within the proposed 
new steam locomotives? 

The means for the proper construction and control of the 
new machinery are at hand—it remains then to understand, or 
rather be willing, to utilize them properly. Realizing this, we 
can be confident that development will not stop with the present 
state of the art of producing power for rail transportation. How- 
ever, the future is entirely dependent upon the question of find- 
ing some progressively minded railroad operator who neither 
lacks the imagination in gaging the immediate and future 
possibilities nor the courage to decide in favor of the applica- 
tion of new schemes to actual installations. 


TABLE OF DIMENSIONS AND WEIGHTS 


Speed of turbines at the maximum locomotive oon of 
63 m.p.h.... 8900 r.p.m 
Adhesive ... 554,600 Ib. 
ront truck........ 69,200 Ib. 
Weights in working order Central truck......... p 58,000 Ib 
42,800 Ib 
Total weight of locomotive............ weeseseeee 724,600 Ib 
Maximum rigid wheelba ase... - oan 18 ft. 
Capacity of the critical-pressure gener ator... 12,500 Ib. per hr. 
Capacity of cooling-water tanks 90,000 Ib 
Capacity of feedwater tanks......... 24,000 Ib. 
Capacity of fuel-oil tanks... 24,000 Ib 
Combined output of the critical- and low pressure tur- 
Tractive effort..... 168,000 Ib 


AvuTHOR’s CLOSURE 


The paper as presented is intended to be complete in itself. 
For a full understanding of the author’s viewpoint, however, it 
is necessary to consider it in conjunction with the articles re- 
ferred to therein, namely, those published in the September 
and October, 1927, issues of the Railway Mechanical Engineer 
In those articles many of the questions brought up by Mr 
Fry and Mr. Silleox are dealt with. 

Mr. Fry’s estimate of the furnace volume available is, the au 
thor believes, about correct. It is the same as was given in the 
latter’s article in the September issue of the Railway Mechanical 
Engineer. The efficiency, 85 per cent, however, was taken for 
an average loading which was assumed in the article as bet ween 
one-half and three-fourths maximum. Taking 4000 hp. as the 
average load would therefore give a maximum load of about 
6400 hp. at the same rate or, say, 6000 hp. at a reduced efficiency 
This is a higher power than the author assumed for a furnace: 
volume of 800 cu. ft. Considering all the conditions assumed, 
it is his belief that the efficiency of 85 per cent is conservative 
It should be remembered that this efficiency is not for the boiler 
alone but includes the performance of the economizer, super 
heater, and air preheater. It also includes fine pulverization 
turbulent burners, and a furnace equipped with suitable slag 
screens. 

Mr. Sillcox in his discussion brings up some of the defects of 
the present locomotive, such as high maintenance, relatively low 
service availability, large weight relative to the tractive force 
and power capacity, and low efficiency. It is evident that any 
design departing from standard practice must be an improveme!! 
in these respects to be of value. The author feels that in all the 
ways mentioned a high-pressure condensing locomotive can be 
produced that will be a material improvement over preset 
practice. The first cost of a locomotive to accomplish this should 
not materially increase the fixed charges. It is evident, howevel 
that for the design advanced, pulverizing and make-up wate 
evaporating plants would be required and new maintenance 
equipment would be needed. To make this worth while the 
increase in economy must be large. 

At the present time the steam-driven locomotive, even with its 
low efficiency, has not a very much higher fuel charge than would 
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be required for a Diesel drive at the present cost of oil. This 
would hold for average conditions in this country. In addition 
a large use of fuel oil could be depended upon to jump the price 
considerably. It appears to the author that for general use it 
would be more promising to attempt to develop the steam drive 
to an efficient basis. Below he gives a comparison of power costs 
for Diesel and steam drives. 


Power, 
Efficiency, B.t.u. for 1 
Locomotive per cent cent 
Present standard. . 7 7,000 
High-pressure condensing 20 18,000 
Present Diesel-engine drive...... . 25 7,280 
Improved Diesel-engine drives (est.) 33 9,600 
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These figures are based on coal at $2.66 per ton with an allow- 
ance of 10 per cent additional for pulverizing in the case of 
high-pressure condensing steam locomotives. Oil is considered 
at approximately 0.6 cent per lb. The price of the coal used 
is the average cost to the railroads during one of the recent 
years. The price of fuel oil is the approximate present price 
delivered at a water terminal. Both will vary, depending on 
location. At the present time it appears to be feasible to develop 
high-pressure condensing steam locomotives with a thermal 
efficiency equal to that set down. Manufacturers in Europe, 
it is understood, will now guarantee certain types of standard- 
pressure turbine condensing locomotives to have 17 per cent 
thermal efficiency. 
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Vibration of Bridges 


By 8S. TIMOSHENKO,! ANN ARBOR, MICH. 


It is well known that a rolling load produces in a bridge or in a 
girder a greater deflection and hence greater stresses than the same 
load acting statically. This ‘impact effect” of live loads on bridges 
is of great practical importance. In this paper the following kinds 
of impact are analyzed: 


| “Live-load effect’’ of a smoothly running load 

2 “Impact effect of balance weights’’ of locomotive driving wheels 

3 “Impact effect due to irregularities." These irregularities 
include irregularities in the track and also flat spots on wheels. 


It is shown that the *‘live-load effect’’ of a smoothly running load 
is small and can be always neglected. The ‘impact effect of balance- 
weights’ may be of considerable importance, especially under 
conditions of resonance, and is most severe on bridges of the shortest 
span which will allow resonance conditions to occur. For the 
assumptions made in this paper the minimum length of the span 
to allow such resonance will be about 100 ft. 

The ‘‘impact effect due to irregularities’’ of track may attain con- 
siderable magnitude in the case of short girders and rail bearers. 
By removing such discontinuities in the track as rail joints a con- 
siderable decrease in impact stresses produced in bridge parts directly 
subjected to the dynamical effect of moving wheels can usually be 
accomplished 


in a girder a greater deflection and greater stresses than the 
same load acting statically. Such an “impact effect’ of 
live loads on bridges is of great practical importance, and many 
engineers have worked on the solution of this problem.? There 
are various causes for these impact effects, and in the following 


f IS WELL known that a rolling load produces in a bridge or 


Fie. 1 


such impact effects as (1) “‘live-load effect”’ of a smoothly running 
load, (2) “impact effect of the balance weights” of the locomotive 
driving wheels and (3) “impact effect due to irregularities,” which 
includes irregularities in the track and flat spots on wheels, are 
discussed. 


Live-Loap Errect or a SMOOTHLY RUNNING Mass 


In discussing this problem two extreme cases are considered: 
(1) the mass of the moving load large in comparison with the 
mass of the bridge, and (2) the mass of the moving load small in 
comparison with the mass of the bridge. In the first case the 
mass of (he bridge, can be neglected. Then the deflection of the 
bridge under the load at any position of this load will be pro- 
portional to the pressure R which the rolling load P produces 
on the beam (Fig. 1), and can be calculated from the known equa- 
tion of statica' deflection 


1 Engineering Mochonias University of Michigan, Ann 

Arbor, Mich., Mem. A. S.M.E. 

bone be history of the subject is extensively discussed in the famous 

oft iy ‘le beck. Translated by S. Venant (Paris, 1883). See Note 

». 597 

A Contributed by the Railroad Division and presented at the 
nnual Meeting, New York, December 5 to 8, 1927, of THE AMERICAN 
CIETY OF MECHANICAL ENGINEERS. 
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Rx? (l— x)? 
1 
in which EJ 
are given in Fig. 1. 


= flexural rigidity of the beam. Other notations 


In order to obtain the pressure F the inertia 
Pd? 
force — ; = should be added to the rolling load P. Assuming 


that the load is moving along the beam with a constant velocity 
v, we obtain 


dy dy dz dy d?y , dy 
dt dx dt dx dt? dx? 
Pd% P dy 
The inertia force becomes = vn? —, and the pressure 
g dt? g dz? 


on the beam will be 


Substituting in Equation [1] we obtain 


v? d*y \ x? (l— zx)? 
P{1—-—} ——_............ 


This equation determines the trajectory of the point of contact 
of the rolling load with the beam.* A good approximation for the 
solution of Equation [3] will be obtained by assuming in calcu- 
lating the inertia force that the deflections are the same as at zero 
speed (ry = 0). The value 


Pz? (l— rz)? 
may therefore be substituted for y in the right side of this equa- 
tion. Then by simple calculations it can be shown that y 
becomes a maximum when the load is at the middle of the span, 
and the maximum pressure will be 


The maximum deflection in the center of the beam increases at 
the same rate as the pressure on it, so that 


This approximate solution, as compared with the result of an 
exact solution of Equation [3],‘ is accurate enough for practical 
applications. The additional term in the brackets is usually 
very small, and it can be concluded that the “‘live-load effect”’ 
in the case of small girders has no practical importance. 

In the second case, when the mass of the load is small in com- 
parison with the mass of the bridge, the moving load can be re- 
placed with sufficient accuracy by a moving force. The 
problem then consists of determining the vibrations of the bridge 
produced by a vertical force P moving along the bridge with a 
constant velocity v. The complete solution of this problem is 


* This equation was established by Willis, Appendix to the Re- 
pore of the Commissioners to inquire into the Application of Iron to 

ilway Structures (1849), London. 

4‘ The exact solution of the Equation by G. G. 
Stokes. See Math. and Phys. Papers, vol. 2 
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given in the Appendix. It is there shown—see Equation 
{43]—that the amplitude of vibration depends on the value of the 
ratio: 


where 7 = natural period of vibration of the bridge, and 
T time it takes the force to pass over the bridge. 
Taking the most unfavorable assumption regarding the super- 
position of statical deflection and deflection due to vibration, and 
neglecting damping, the following equation for maximum deflec- 
tion produced by a moving force P will be obtained (see 
Appendix). 


in which 6g = maximum dynamical deflection, and 
6,: = the deflection produced by the same force when 
applied at the middle. 


The value of the quantity @ is usually small; therefore the dy- 
namical effect of a smoothly running load is usually negligible. 
Let us take as an example three bridges of different spans 1 = 
60 ft., 1 = 120 ft., and 7 = 360 ft. The approximate values of the 
periods 7 of natural vibrations are given in the second line of the 
table below. In the third line of the same table the time 7, 
for the load to pass over the bridge (v = 120 ft. per sec.) is given, 
while in the fourth line we have the calculated values of the 
ratio a = 7/27,. The largest effect of running load is thus 
obtained for the smallest span and from the table it can be con- 
cluded that for this span and with a very high velocity the in- 
crease in deflection due to the live-load effect is about 12 per 
cent, and this is still diminished with decrease in velocity and 
with increase in length of span. 


l = 60 ft. 120 ft. 360 ft. 
= l 3 
T 


27, 


If several moving loads are acting on the bridge the oscillations 
associated with these should be superimposed. Only in the 
exceptional case of synchronized vibrations will the resultant 
live-load effect on the system be equal to the sum of the effects 
of the separate loads and the increase in deflection due to this 
effect be in the same proportion as for a single load. From these 
examples it can be concluded that the live-load effect of a smooth- 
running load is not an important factor, and even in the most 
unfavorable cases it will hardly exceed 10 per cent. Much more 
serious effects may be produced, as we shall see now, by the 
pulsating forces produced by the rotating balance weights of steam 
locomotives. 


Impact Errect oF BALANCE WEIGHTS 


The most unfavorable condition occurs in the case of resonance 
when the number of revolutions per second of the driving wheels 
is equal to the natural frequency of vibration of the bridge. 
For a short-span bridge the natural frequency is usually so high 
that synchronism of pulsating load and natural vibration is im- 
possible at any practical velocity. By taking, for instance, six 
revolutions per second of the driving wheels as the highest limit 
and taking the frequencies of natural vibration from the table 
above, it can be concluded that the resonance condition is hardly 
possible for spans less than 100 ft. in length. For longer 
spans resonance conditions should be taken into consideration, 
and the impact effect should be calculated on this assumption. 


The complete discussion of forced vibrations produced by balance 

weights is given in the Appendix; here the application of the 

final equation (see p. 8) only will be shown. 

Let P; = maximum resultant pressure on the rail due to the 
counterweights when the driving wheels are revolving 
once per second 


1 
— = resultant pressure on the rail when the number of 
revolutions of the wheel per second is equal to natura] 
frequency 1/T' of the bridge 
n = total number of revolutions of the driving wheels during 
passage along the bridge. 
Then from Equation [45], given in the Appendix, we obtain the 
following additional deflection due to the impact effect of driving 
wheels: 
2n 2P,15 


T? Elr* 


It is seen that in calculating the impact effect due to balance 


weights such quantities as (1) the statical deflection ae 


produced by the force P,, (2) the period T of the natural vibra- 
tion of the bridge, and (3) the number of revolutions n should be 
taken into consideration. All these quantities are usually 
disregarded in impact formulas as applied in bridge design. 

In order to obtain an idea of the amount of this impact effect 
let us apply Equation [8] to a numerical example’ of a locomotive 
crossing a bridge of 120 ft. span. Assuming that the locomotive 
load is equivalent to a uniform load of 14,700 lb. per linear foot 
distributed over a length of 15 ft., and that the train load fol- 
lowing and preceding the locomotive is equivalent to a uniformly 


distributed load of 5500 lb. per linear foot, the maximum central 
2/3 

deflection of each girder is 


(275,000), approximately. The 


same deflection when the locomotive approaches the support and 

the train completely covers the bridge is - Ele =), (206,000), approx 

mately. Taking the number of revolutions n = 8 (the diameter 


of the wheels being equal to 4 ft. 9 in.) and the maximum pulsating 


pressure on each girder at the resonance condition equal to mn 
18,750 lb., the additional deflection, calculated from Equation 
[8] will amount to 
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ElIr‘ 


(300,000) 


Adding this to the statical deflection, calculated above for the 
case of the locomotive approaching the end of the bridge, we ob 


2i3 
tain the complete deflection at the center equal to Ele! (506,000). 


Comparing this with the maximum statical central ceflectioe 


mics ; (275, 000), given above, it can be concluded that the increas 


in deflection due to impact is, in this case, about 84 per cen! 
Assuming the number of revolutions n equal to 6 (the diameté 
of driving wheels equal to 6'/, ft.) and assuming again a Com 
dition of resonance, we obtain for the same numerical examp! 
an increase in deflection equal to 56 per cent. 

In the case of bridges of shorter spans, where the natu 
frequency of vibration is considerably higher than the numbe 
of revolutions per second of the driving wheels, a satisfactot 


5 The loading conditions following are taken the same 2s iD ber 
paper by C. E. Inglis. See Proc. Inst. of Civil Engineers, vol. 2! 
(1924), London. 
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approximation can be obtained by using the general solution, 
Equation [44], given in the Appendix. By taking only the 
first term of this solution and assuming the most unfavorable 
condition, we arrive at Equation [46], which must be used in this 
case. 

Consider, for instance, a 60-ft-span bridge, and assume the 
same kind of loading as in the previous example, then the maxi- 


mum statical deflection is Ele (173,000), approximately. If the 
wit 


driving wheels have a circumference of 20 ft. and make 6 revo- 
lutions per second, the maximum downward force on the girder 


6\? 
will be 18,750 (*) = 27,000 lb. Assuming the natural frequency 
of the bridge equal to 9, we obtain, from Equation [46], 


$6 = = (27,000 X 2.57) = = (69,400) 


hence 
dynamical deflection 173 + 69.4 


on = = 1 40 
statical deflection 173 


The impact effect of the balancing weights in this case amounts 
to 40 per cent. 

In general, it will be seen from the theory developed that the 
most severe impact effects will be obtained in the shortest spans 
for which a resonance condition may occur (about 100-ft. spans 
for the assumption made above), because in this case the resonance 
occurs when the pulsating disturbing force has its greatest mag- 
nitude. With increase in the span the critical speed decreases, 
and also the magnitude of the pulsating load; consequently the 
impact effect decreases. 

For very large spans, when the frequency of the fundamental 
type of vibration is low, synchronism of the pulsating force with 
the second mode of vibration having a node at the middle 
of the span becomes theoretically possible. Therefore, due to this 
cause an increase in impact effect may occur at a velocity about 
four times as great as the first critical speed. 

It should be noted that all our calculations have been based 
on the assumption of a pulsating force moving along the bridge. 
Under actual conditions we have rolling masses, which will cause 
a variation in the natural frequency of the bridge in accordance 
with the varying position of the loads. This variability of the 
natural frequency, which is especially pronounced in short spans, 
is very beneficial because the pulsating load will no longer be in 
resonance all the time during passage over the bridge, and its 
cumulative effect will not be as pronounced as is given by the 
above theory. From experiments made by the Indian Railway 
Bridge Committee’ it is apparent that, on the average, the maxi- 
mum deflection occurs when the engine has traversed about two- 
thirds of the span, and that the maximum impact effect amounts 
to only about one-third of that given by Equation [8]. It should 
be noted also that the impact effect is proportional to the force 
P,, and therefore depends on the type of engine and on the manner 
of balancing. While in a badly balanced two-cylinder engine the 
force P, may amount to more than 1000 Ib.,’ in electric locomo- 
lives perfect balancing can be obtained without introducing a 
fluctuating rail pressure. This absence of impact effect may 
compensate for the increase of axial weight in modern heavy 


i electric locomotives. 


In the case of short girders and rail bearers whose natural 
frequencies are very high, the effect of counterweights on the 


‘See Bridge Sub-Committee Reports, 1925, Calcutta: Govern- 
27 (1996 Central Publication Branch, Technical Paper No. 
sve Some data on the values of P; for various t of engines are 
®ven in the Bridge Sub-Committee Report, mentioned above. 
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deflection and stresses can be calculated with sufficient accuracy 
by neglecting vibrations and using the statical formula in which 
the centrifugal forces of counterweights should be added to the 
statical rail pressures. The effect of these centrifugal forces 
may be especially pronounced in the case of short spans when 
only a small number of wheels can be on the girder simulta- 
neously. 


Impact Errects Dvr To IRREGULARITIES OF TRACK AND FLAT 
Spots oN WHEELS 


Irregularities such as rail joints, low spots on the rails, or 
flat spots on wheels, etc., may be responsible for considerable 
impact effect which may become especially pronounced in the 
case of short spans. If the low spots in the track or the flat 
spots on the wheels have the shape of a smooth curve, the 
same method as used in the analysis of track stress’ can be 
applied here also. The following analysis for obtaining the 
maximum dynamical effect assumes a rigid track, the flexibility 
being neglected. Let the equation 


represent the shape of a low spot on a rail, shown in Fig. 2. If 


a wheel of the mass P/g is moving along this curve with a constant 
velocity v, the velocity of the load in the vertical direction will be 


dy dy dx dy 


dt dxdt dz 


and the corresponding acceleration is 


The inertia force, which must be added to the statical load P 
and which represents the dynamical effect in this case, will be 

P dy P 4x? dy? 

gd? gf 2 l 


The maximum value of the additional pressure on the rail due to 
this inertia force of the moving wheel will be obtained when 


l 
z= =—l1. Then 
2 
P dy P bv? 


It is seen that the additional pressure will be proportional to the 
unsprung mass of the wheel, to the square of the velocity of the 
train, and to the ratio 5/l?. This pressure may attain a consider- 
able magnitude, and is therefore of practical importance in the 


or" “Applied Elasticity,”’ by S. Timoshenko and J. M. Lessells, 
p. 


| 
) 
. A 
4 
6 1 2rz (9] 
y = 1— cos —]................ 
2 l 
J 
Fie. 2 
dty 
— = yp? — 
P, dt? dz? 
P| Substituting [9] for y we obtain 
d*y 4x? dv? 2rz 
— = —— co — 
dt? 2 l 
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case of short bridges and rail bearers. This additional dynamical 
effect produced by irregularities in the track and flats on the 
wheels justifies the high impact factor usually applied in the de- 
sign of short bridges. By removing rail joints from the bridges 
and by using ballasted spans or those provided with heavy 
timber floors, the effect of these irregularities can be diminished 
and impact stresses correspondingly decreased. 


CONCLUSIONS 


From the above analysis it is seen that the “‘live-load effect”’ 
of a smoothly running load is always small. Under the most 
unfavorable condition it will not exceed 10 per cent, and can 
therefore be neglected. 

The “impact effect of the balance weights” of the locomotive 
driving wheels may become of practical importance, especially 
under conditions involving resonance. The most severe impact 
effect will be obtained in the shortest spans in which resonance is 
likely to occur. For the assumptions made in this paper this 
span is about 100 ft. 

The additional dynamic effect produced by irregularities in the 
track and flats on the wheels is of importance only for bridge 
parts directly subjected to the action of moving loads, and jus- 
tifies the high impact factor usually applied in the design of short 
girders and rail bearers. 


Appendix 
GENERAL 


N DISCUSSING vibrations of bridges the problem can he sim- 
plified by considering the bridge as a beam of uniform cross- 
section simply supported at the ends. The general form of de- 


Fie. 3 


flection curve in this case can be represented in the form of the 
following trigonometrical series: 


y = qein—- + grein —- + + {11] 


Geometrically this means that the deflection curve can be ob- 
tained by superimposing simple sinusoidal curves such as shown 
in Fig. 3. During vibration the amplitudes qi, q2, qs, ... vary 
with the time. The problem will therefore be solved if these 
amplitudes are determined as functions of the time. In the 
following discussion of the problem we shall consider the quanti- 
ties 91, q2, ds. ... a8 generalized coordinates of the vibrating beam 
and shall use general expressions for kinetic and potential energy 
expressed in terms of these quantities. The potential energy in 
this case will be the energy of bending, which can be calculated 
from the following known equation: 


2 
EI dty 
( dx [12] 


Substituting series [11] for y in this equation and taking into 
consideration the fact that: 


f sin sin “= dz = 0 when m+n 
0 


2,” 
5 
~ 
= 
| 


we obtain 
Vv EI [ 
rhe + q:? + qs* +... 
t= @ 
EIx‘ 
4B ees {13] 


In calculating the kinetic energy of the vibrating beam the fol- 
lowing symbols will be used: 


A cross sectional area of the beam 
y = weight of the material per unit volume. 


Then the kinetic energy of one element dz of the beam will be 


é Y 

— 1x 

2 

and the complete kinetic energy of the vibrating beam becomes: 


4 
[14] 


Substituting series [11] for y and taking into consideration that 


M1, 92, ... are functions of the time, we obtain: 
T=— q sin — + q@ sin— —+...] dz 
29 Jo l l l 


or, after integration, 


r= = = . {18 
T (a, + + qs + tg qi? . [15] 


To obtain the quantities 9;, q2, 9s, ... we shall use now Lagrange’s 
general equations of dynamics which have the following form: 


+— =Q;............. [16] 


In this equation oo and = represent, respectively, the partial 

derivative of the kinetic energy with respect to any coordinate qj 
and the partial derivative with respect to the corresponding 
velocity gi. Qs represents the generalized disturbing force 
corresponding to the coordinate qi. In order to find Q; in any 
particular case it is only necessary to give to the coordinate 4 
an infinitely small increase 5q; and to calculate the work éW 
produced by the external forces during the increase 5q; of the 
coordinate qi. Q, will thus be found from the equation 


Several examples of the calculation of the generalized force Q 
will be shown later. 

Substituting the expressions for 7 and V in Equation [16] 
the following differential equation of motion will be obtained 
for each coordinate qi: 


“ 
0 
: 
; 
i 
“Tyga? 


ito 


dz 


or 

29 

Ay? [18] 
in which 

Elg 


The differential equation [18] is a linear differential equation 
with constant coefficients which may easily be solved provided 
the force Q; is known as a function of time. The complete in- 
tegral can then be represented in the following form: 


qi = Ai cos + B; sin 
29 
+ yAl fo sin ( tie [20] 


The first two terms in this solution represent the free vibration 
determined by the initial conditions, while the third term repre- 
sents the vibration produced by the disturbing force Q;. The 
period of the natural vibration will thus be 


[21] 
Elq 


and its frequency is therefore 


This natural vibration corresponds to the coordinate qi. The 
corresponding deflection curve (Fig. 3) has « waves and i — 1 
nodes. It is seen that with increase of the number of waves 7 
the frequency increases as 7%. Vibrations produced by disturb- 
ing forces will now be considered. 


PuLsaTING Force 


As an example let us consider first the case of a pulsating force 

P = P. sin nt; applied at a distance c from the left support (see 

Fig. 4) and having the period 2x/n. In order to obtain a general- 

ized force Q, in Equation [18] for this case let us assume that a 

small increase 5g; is given to a coordinate gi. The corresponding 
ind 


deflection of the beam, from [11], will be 6y = dq: sin TT 


and the work done by the external force P on this displacement is: 


ire 


Then from Equation [17] 
Q; = Psin = P, en [23] 


Substituting in Equation [20] and considering only the third 
term representing vibration produced by the pulsating force, we 
obtain: 


nls rat 
— n 214) 
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Substituting in Equation [11], we have 


tre . 
i=o sin — sin 


l 


sin nt 


. 
yArta — 2 


It is seen that the first series in this solution is proportional to 
sin nt. It has the same period as the disturbing force and repre- 
sents forced vibrations of the beam. The second series repre- 
sents free vibrations of the beam produced by the application 
of the force. The latter type of vibrations will be gradually 


Fic. 4 


damped out because of friction, internal hysteresis, etc. Hence, 
only the forced vibrations, given by the equation 


sin imc 

in — sin — 

l 


are of practical] importance. 

If the pulsating force P is varying very slowly, n is a very 
small quantity and n*/‘ can be neglected in the denominator of 
the series [26]. In such cases the expression for y becomes: 


imc ind 
or, by using Equation [19], 


This expression represents the statical deflection of the beam 
produced by the load P.® In the particular case, when the force 
P is applied at the middle, c = 1/2, and we obtain 


This series converges rapidly, and a satisfactory approximation 
for the deflections will be obtained by taking the first term only. 
In this manner we find for the deflection at the middle, 


( ) _ PE 

 48.7EI 

The error of this approximation is thus about 1.5 per cent. De- 
noting by a the ratio of the frequency n/2z of the disturbing force 


to the frequency az/2l? of the fundamental type of free vibration, 


we have: 
nl? 
ex 
— “Applied Elasticity,’’ by S. Timoshenko and J. M. Lessells, 
p. 131. 
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and the series [26], representing the forced vibrations, becomes 


tre 
. n— sin — 
2P, ain nt l l 
1 
p> 14 — q? 
If the pulsating force is applied at the middle, we obtain 
sin — sin — sin — 
2P, sin ntl? l l l 
1— a? * [30] 


For small values of @ the first term of this series represents the 
deflection with good accuracy. By comparing [30] with [29] 
it can be concluded that the ratio of the dynamical deflection to 
the statical deflection is approximately equal to 


If, for instance, the frequency of the disturbing force is one- 
fourth that of the fundamental mode of vibration, the dynamical 
deflection will be about 6 per cent greater than the statical de- 
flection. 

Since problems involving small vibrations of beams are repre- 
sented by linear differential equations, the principle of super- 
position holds. Hence, if we have several pulsating forces act- 
ing on the beam the resulting vibration will be obtained by super- 
imposing the vibration produced by the individual forces. The 
case of continuously distributed pulsating forces also can be solved 
in the same manner; the summation has only to be replaced by 
an integration along the length of the beam. Assume, for in- 
stance, that the beam is loaded by a uniformly distributed pulsat- 
ing load of the intensity 


q = qsin nt 


Such a condition of loading will exist, for instance, in a locomotive 
side rod due to the action of variable bending inertia forces. In 
order to solve this case, qodc should be substituted for P» in 
Equation [26] and the integration carried out with respect to 
c, the limits being c = 0 and c = l. In this manner, there is 
obtained: 
inz 
sin sin nt 


yAr i(i4w4a? — n2l4) 


$=1,3,5... 
If the frequency of the load is very small in comparison with the 
frequency of the fundamental mode of vibration of the bar, we 
may, as before, neglect term nl‘ in the denominators of the 
series [32]. The equation then becomes 

sin — sin — sin — 
_ l + l + l 
15 3° 55 


y +... |.. [33] 


This very rapidly converging series represents the statical 
deflection of the beam produced by a uniformly distributed 
load g. By taking z = 1/2 we obtain for the deflection at the 


middle 


If only the first term of this series be used, the error in calculating 
the deflection at the middle will be about '/, per cent. If the 
frequency of the pulsating load is not small enough to warrant 
the application of the statical equation, the method used in the 


case of a single force can be used and we shall arrive at the same 
conclusion as represented by Equation [31] 


Movina Constant Force 


If a constant vertical force P is moving along the length of 
beam it produces vibrations which can be calculated without any 
difficulty by using the general Equation [20]. Let v denote the 
constant velocity of the moving force and let the force be at the 
left support at the initial moment (¢ = 0); then at any other 
moment the distance of this force from this left support will be 
vt}. In order to determine the generalized force Q; for this case, 
assume that the coordinate q; in the general expression [11] of 
the deflection curve obtains an infinitely small increase 5q,. 
The work done by the force P due to this displacement will be 


trvt; 
P | by = sin — 
x = wh 


Hence, the generalized force 


imvt, 


Q: = P sin i 


Substituting this in the third term of Equation [20], the follow- 
ing expression will be found for the vibration produced by the 
moving load: 


ain — 
l ixvt 
sin — 
— sin —— . [35] 


The first series in this solution represents the forced vibrations, and 
the second series the free vibrations of the beam. 
If the velocity v of the moving force be very small, we can put 
v = Oand vf = cin the solution above; then 


— sin — sin — 
yAr'a? l l 


This is the statical deflection of the beam produced by the load 
P applied at a distance c from the left support—see Equation 
[27]. By using the notation 


the part of the general solution [35] representing forced vibrations 
becomes 


[37] 


It is interesting to note that the expression for this deflection is 
identical with that for the statical deflection of a beam" on which, 
in addition to the lateral load P applied at a distance c = 
from the left support, a longitudinal compressive force S is acting, 


10 This problem is of practical interest in connection with the 
study of bridge vibrations. The first solution was obtained by A. }. 
Kriloff, member of the Academy of Sciences in St. Petersburg; s¢e 
Mathematische Annalen, vol. 61 (1905), and also the authors 
paper in the ‘Bulletin of the Polytechnical Institute in hiew 
(1908), German translation in Zeit. f. Math. u. Phys., vol. 59 (1911). 
Prof. C. E. Inglis in the Proc. of the Inst. of Civil Engineers, vol. 215 
(1924), London, came to the same results. P 

11 See ‘Applied Elasticity’’ mentioned above, p. 163. By using 
the known expression for the statical deflection curve, the finite form 
of “ow function, from which the series [37] has its origin, can be ob- 
tained. 


ita 
1 
ae 
| 
y 
= 
_ inv 


the value of S being such that 


S Ba 


Here S., denotes the known critical load which will cause buck- 
ing of the beam. From Equations [37] and [38] we obtain 


SI? 
EI x? 
or 
vA 
[39] 
g 


The effect of this force S on the statical deflection of the beam 
loaded by the force P is therefore equivalent to the effect of the 
velocity of the moving force P on the deflection produced as a 
consequence of forced vibrations. 

By increasing the velocity v a condition can be reached where 
one of the denominators in the series [35] becomes equal to zero 
and hence resonance takes place. Assume, for instance, that 


In this case the period of the fundamental mode of vibration of 
2 

the beam, equal to —, becomes equal to —, and hence is twice 
ar v 


as great as the time required for the force P to pass over the 
beam. The denominators in the first terms of both series in 
Equation [35] become, under the condition [40], equal to zero, 
and the sum of these two terms will be 


wt Ww wat 
sin — — — sin —— 
| xz l ra I? 


sin 
yAr* l 


r?a? — 


0 : 
This expression has the form 0 and may be evaluated in the usual 


way. It then takes the following form: 


— —— cos — sin— + —— sin — sin — .. [41 


l 
t=- 
v 
and is then equal to 
Pgl . vt mvt mvt we PU. 
+ in—- coo = ain . [42] 


Taking into consideration the fact that the expression [41] repre- 
Sents a satisfactory approximation tor the dynamical deflection 
given by Equation [35], it can be concluded that the maximum 
dynamical deflection at the resonance condition, i.e., when 
Equation [40] is satisfied, is about 50 per cent larger than the 
P. 3 

48 EI 

interesting to note that the maximum dynamical deflection occurs 
when the force P is leaving the beam. At this moment the de- 
flection under the force P is equal to zero, hence the net work 
done by this foree when it has just passed the length of the 
beam is equal to zero. In order to explain the source of the 
energy accumulated in the vibrating beam during the passing 
over of the force P we should assume that there is no friction and 
the beam produces a reaction R in the direction of the normal 


maximum statical deflection, which is equal to It is 
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(Fig. 5). In this case, from the condition of equilibrium it fol- 


d 
lows that there should exist a horizontal force, equal to P = . The 


work done by this force during its passage along the beam will be 


l/v 1 
P Fa vdt 
0 dz} 


Substituting expression [41] for y we obtain 


P%g f mvt rot rot 
=— sn — — — cos — — 
i i cos cos i 


or, by taking into consideration the relations given by Equations 
[40] and [19], we obtain a value for 
the work done equal to: 


This amount of work is approxi- | 
mately equal'? to the amount of the 
potential energy of bending of the | 
beam at the moment = In ! 
the case of bridges the time neces- Y 
sary to cross the bridge is usually Fic. 5 

large in comparison with the period 

of the fundamental type of vibration; hence the quantity a@?, 
given by Equation [9] is small. Then by taking only the first 
term in each series of Equation [35] and assuming that in the 
most unfavorable case the amplitudes of the forced and free vi- 
bration are added directly, we obtain for the maximum deflection 


1 vl 1 
\ r2a? — ar — 


l+ea 2Pl8 1 
— - = ........ 43 
EIx* 1 — a? EI x‘ [43] 


This is a somewhat exaggerated value of the maximum dynamical 
deflection, because damping has been neglected in the above dis- 
cussion. 

By using the principle of superposition the solution of the 
problem in the case of a system of concentrated moving forces 
and in the case of moving distributed forces can be also solved 
without difficulty." 


Movina Puusatina Force 


Consider now the case when a pulsating force is moving along 
the beam with a constant velocity v (Fig. 6). Such a condition 
may exist, for instance, when an imperfectly balanced locomotive 
passes over a bridge. The vertical component of the centrifugal 
force P, due to the unbalance, is 


P cos wt; 


where w = the angular velocity of the driving wheel. 

By using the same manner of reasoning as before, the following 
expression for the generalized force, corresponding to the gen- 
eralized coordinate q; will be obtained: 


12 ™ energy of a beam bent by a force P at the middle is 
2/3 

of the ratio of the maximum deflection for dynamical and statical 


= 2.43. This ratio is very close to the square 


48\?2 
conditions, which is equal to (*) = 2.38. The discrepancy may 


be attributed to the higher harmonics in the deflection curve. 
13 See author’s paper mentioned in footnote No. 10. 


P%gl x 3? 
yAr*v? 4 
P R 
4 Elr‘ 
” 
yAnrv yArv 
Expression [41] has its maximum value when ; 
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Q: = P cos wt; sin — 
Substituting this in the third term of the general solution [20] 
we obtain 
y= sin — 
1 | i*— (8 — ia)? 
sin — sin 
+ .. [44] 
vi 


where a = = the ratio of the period T = — of the funda- 
ar ra 


mental type of vibration of the beam to twice the value of the 


l 
time 7; = - necessary for the force P to pass over the beam 
v 


= the ratio of the period of the fundamental type of 


7, 


vibration of the beam to the period T; = — of the pulsating 
force. When the period 7. of the pulsating force is equal to the 
period 7 of the fundamental type of vibration of the beam 


8 = 1 and we obtain a condition of resonance, the amplitude of 
vibration during motion of the pulsating force will be gradually 


l 
built up and will attain its maximum at the moment 7 = -. At 
v 


this instant the first term (for 7 = 1) in the series of the right-hand 
member of [44], which is the most important part of y, may be 
reduced to the form 


The maximum deflection is thus given approximately by the 
formula 


l 
Owing to the fact that in actual cases the time interval 7,= - 
v 


is large in comparison with the period 7 of the natural vibration, 

the maximum dynamical deflection produced by the pulsating 
3 

force P will be many times the deflection — which would be 

produced by the same force applied statically at the middle of 

the beam. 

In the case of bridges having short spans, where the natural 
frequency of vibration is considerably higher than the number of 
revolutions per second of the driving wheels, asatisfactory approxi- 
mation can be obtained by taking only the first term of the 
solution [44] and assuming the most unfavorable condition, 


l 
namely, that at the moment t = oe when the pulsating force ar- 
v 


‘ wv wv 
rives at the middle of the span, sin (= + w) and sin (" —« ) 


. mat 
become equal to 1 and sin ay becomes equal to —1. Then the 


additional deflection, from [44], will be 


PIs 1 1 
El x* — (6+ a)* 1—(s— a)® 


a? 


2Pls l—a@ 


) 

EI x4 a\][_ a\)\.. [46] 
\ J ) 


The application of this equation is shown in the paper proper 


Discussion 


A. 1. Liverz.'* The writer has been interested in locomotive 
counterbalances for a long time, chiefly from the standpoint of 
effect of the excess counterbalance on rails, and has found in 
comparing actual stress records obtained from special recording 
apparatus that the difference between the steam and electric 
locomotive is not so high as one might expect. The electric |oco- 
motive is supposed to be perfectly balanced, and it should not 
have this additional impact effect on bridges which Professor 
Timoshenko mentions. In comparing the recorded figures it is 
difficult to account for the small difference, for in heavy |oco- 
motives counterbalances sometimes have very considerable excess 
balances. It is possible that the time element has an effect. 
Perhaps Professor Timoshenko will explain whether of not the 
dynamic force, if its translation and time element are taken 
into consideration, would total all our results so as to make the 
dynamic effect. negligible. 

At high speeds the excess counterbalance may give a_theo- 
retically larger dynamic augment, but the time of its action is 
shorter and the section of highest stress travels more rapidly 
In other words, it is possible that the higher the speed of the loco- 
motive the lesser the effect relatively, and this may explain why 
locomotives with very heavy excess counterbalances are running 
safely and cause few rail breakages, whereas a slight increase in 
static weight per axle seems to cause breakages. 

Georce E. Tuacxray.” Having been interested in rails for 
many years, the writer has had occasion at various times to notice 
the effects of unbalanced drivers on railway roadbeds. ‘There 
have been many examples in this country of medium- and heavy- 
weight rails being deflected and bent at distances apart about 
equal to the circumference of a locomotive driving wheel, (ue to 
the action of the unbalanced moving parts. 

It is impossible to balance a locomotive driver perfectly, be- 
cause of the combined unbalancing effects of the reciprocating and 
revolving connecting rods, the revolving side rods, and the hori- 
zontally reciprocating piston, piston rod, and crosshead, as these 
parts have differing motions, all of which cannot be counter- 
balanced by the usual revolving weights on the driving wheels 

Referring now to the remarks of Mr. Lipetz regarding the 
damping of the vibrations of a bridge, it seems that the vilration 
of a bridge as a whole, to a certain extent, determines some of the 
stresses which would be found in some of its members. [low- 
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ever, in bridges of long spans on which one train load is two 
heavy locomotives followed by 6000 Ib. per ft. or more, the in- 
ertia of the load of the train itself would cause a very appre- 
ciable dampening upon the vibration of the bridge as a whole. 

The greatest effect of such a moving load, with respect to vi- 
bration and impact, would be upon the members which are di- 
rectly under or near the rails, such as the floor beams and stringers, 
and much less upon a long and heavy bridge as a whole. 


G. M. Eaton.'* Since the dynamic augment comes first on 
one side of the lo¢comotive and then on the other, there must 
be a turning tendency introduced, and the bridge being weaker 
laterally and torsionally than it is vertically, there would seem to 
be danger from this source. Perhaps Professor Timoshenko will 
go into this matter in his closure. 


H. W. Frren.'? Observations in the shops show that fre- 
quently there are engines which are so far out of proper balance 
that it seems quite possible to produce the effects which Mr. 
Thackray has spoken of; that is, permanent deformation of the 
rails at intervals equal to the circumference of the driver. There 
seems to be a practical problem there for the railroads in properly 
maintaining engines which have been correctly counterbalanced 
upon leaving the builders. 


Wiitiam Etmer.'§ The comments of Mr. Fitch recall an 
experience when the writer was master mechanic at one of our 
shops. A certain locomotive came in for its general repairs, and 
upon examining the main drivers on the left side it was found 
that there was no counterbalance whatever. Lead had been 
poured into the space provided, but unfortunately the plugs which 
closed the holes had worked out, allowing the weights to be- 
come loose inside the retaining casing. The lead then had, 
apparently, due to the countless revolutions of the wheel, be- 
come completely disintegrated and worked out of the holes. The 
locomotive had been running back and forth over the road with 
absolutely no counterbalance whatever on the driving wheel. 

During our tests at the St. Louis Exposition, it was the practice 


engineer, Molybdenum Corp., Pittsburgh, Pa. Mem. A.S.M.E. 
‘7 Mechanical Inspector, New York, New Haven & Hartford R.R., 
New Haven, Conn. Jun. A.S.M.E. 
'* Special Engineer, Pennsylvania R.R. Co., Philadelphia, Pa. 
Mem. A.S.M.E. 


to run a wire underneath the main driver in order to get some 
indication of the counterbalance performance. It was found 
that some of the engines on the test plant when they were up to 
speed showed no weight whatever on the driving wheels at the 
point where the dynamic augment was at a minimum. Of course, 
at the opposite point of the revolution there was a marked flat- 
tening of the wire, indicating a very high increase in the dy- 
namic augment. 


Tue Avutuor. Referring to the remarks of Mr. Lipetz, the 
author would state that the period of free vibration of a rail as 
a bar on an elastic foundation is very short in comparison with 
the time of one revolution of the locomotive wheel. Under such 
conditions the stresses and deflections produced by counter- 
balance weights will be nearly the same as those calculated from 
statical considerations. It is also an established fact that the 
endurance limit of steel under reversal of stresses is the same 
for 200 and for 2000 cycles per minute. An increase in endurance 
limit becomes noticeable only at very high frequency, such as 
30,000 cycles per minute. 

In comparing the stresses produced by static weights with 
those due to excess counterbalances, it is necessary to keep in 
mind that static weights produce deflections convex downward 
under the wheel and convex upward in the interval between two 
wheels, so that in each individual cross-section of the rail the 
stresses produced by static weights are reversed several times 
during one passage of the locomotive. The counterbalance 
weights produce additional stress in certain fixed sections of the 
rail, the distance between which is equal to the circumference 
of the wheel. In consecutive rides these overstressed sections 
will not coincide, hence the effect of such additional stress on 
fatigue of steel will be less than that produced by static weights. 

Referring to the remark of Mr. Eaton, the author would 
state that the method developed in the paper can be used also 
in investigating lateral vibrations of bridges. These vibrations 
may be of great practical importance, the bridges usually being 
weaker laterally and torsionally than they are vertically. 

Mr. Thackray, in his discussion, makes a remark on the 
appreciable dampening effect which is produced on the vibra- 
tion of the bridge by the inertia of the weight of the train. Such 
a dampening effect is an established fact. It has been proved 
by experiments of the Indian Railway Bridge Committee men- 
tioned in the paper. 
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Electric Interlocking System 


Installation by the Boston & Albany Railroad at Its New Station in Springfield, Mass., 
Centralizes Control of All Switches and Signals 


By R. J. CULLEN,'! BOSTON, MASS. 


station at Springfield, Mass., which included a rearrange- 
ment of tracks to provide adequate and efficient operation 
for handling the ever-increasing freight and passenger traffic at 
this point, an electric interlocking system was installed by the 
Boston & Albany Railroad which centralized the control of all 
switches and signals at the east and west ends of the station in 


(Cision a 8p with the construction of a new and modern 


one plant. 

The safe, expeditious, and economical handling of railway 
traffic at junctions and terminals on the vast railway systems of 
the country led to the development of interlocking plants that 
provide a dependable method of operating switches and signals 
from a central point under the control of levers in an interlocking 
machine. Traffic thus controlled is not only greatly expedited, 
but train operation, even when conducted under the most in- 
tense operating conditions, is handled with an increased factor of 
safety. 

An interlocking plant is an assemblage of switches, signals, and 
other appliances operated from the levers of an interlocking 
machine. An interlocking machine is an arrangement of switch 
and signal levers in a frame so interlocked that their movements 
must succeed each other in a predetermined order. 

The features of vital importance in any system of electric 
interlocking are those that are designed to give the greatest 
measure of safety together with facility of operation. The fea- 
tures most important to safety are: 

| The means provided to insure coordination between the con- 
trolling levers in the interlocking machine. 

2 The means provided to insure coordination between the 
levers and the switches, signals, or other functions controlled by 
them 

3 The means provided for preventing unauthorized movement 
of switches, signals, or other controlled functions. 

4 The means provided for preventing the operation of the con- 
trolling levers except when it is safe and proper to do so. 

The feature most important to provide facility of operation is 
the means to inform the operator at the signal station as to what 
is taking place on the roadway. 


INTERLOCKING MACHINE 


The interlocking machine, which is placed in the operating 
room of the signal station (Fig. 1) 45 ft. above the track level, 
consists of a 248-lever frame, with 185 working levers controlling 
77 signals, 33 single switches, 17 movable point frogs, 34 double 
slip switches, 1 check lock lever, and 1 derail. An interlocking 
machine is shown in Fig. 2. 

The levers, which are of the pistol-grip type, equipped with all 
hecessary controllers and connections, are in a common frame. 
One lever is provided for the operation of each switch and signal. 
To operate the two switches of a crossover, two levers, one of 
which is equipped with all connections and the other minus hand 
grip, are fastened by a rigid connection to operate as one lever. 
With this arrangement the two ends of a crossover are operated 
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simultaneously in the same length of time as is required to operate 
a single switch. 

In explanation of the detail operation of a switch lever its 
movement can be considered as being divided into three parts, 
the preliminary, intermediate, and final. The preliminary and 
intermediate parts, however, usually constitute one continuous 
movement. In the preliminary movement of the lever the lock- 
ing tappet is moved through one-half of its stroke, this movement 
locking all levers which conflict with the new position of the lever 
in question; in this movement no change whatsoever is made in 
the operating circuits. During the intermediate part of the 
travel the tappet bar remains stationary and the circuits for the 
operation of the function are set up. The lever is held at this 
point through the mechanical design of the lever proper, until 
such time as the function has moved to a corresponding position, 
which effects the release of the lever and permits its final move- 
ment. During this final movement the stroke of the locking 
tappet is completed, thereby unlocking all levers which do not 
conflict with the new position of the operated lever. The move- 
ment of the lever from reverse to normal is performed in a similar 
manner to that described. 

The movement of the signal lever is identical with that of the 
switch lever except that it is not necessary to check the final 
position of the lever during reverse movement with the position of 
its controlled function. 

The first important safety feature, that of insuring coordination 
between the controlling levers of the interlocking machine, is 
accomplished through the design of the machine so that no lever 
can be moved from a given position if any other lever that is 
mechanically interlocked therewith is in such a position that its 
controlled function will conflict with the function to be moved; 
and further, the mechanical locking is so constructed that the 
operation of a given lever from its position locks all conflicting 
levers against movement until such time as it is proper for them to 
be released. This feature is accomplished by the mechanical 
locking which is inserted between the controlling levers. 

The mechanical locking insures that before a signal can be given 
for any route all switch and derail functions in the route are 
thrown to the proper positions and locked in that position and all 
opposing signals are in the stop position. No changes can be 
made in the position of any of these functions until the lever con- 
trolling the signal displayed at proceed has been replaced to its 
full normal position. This locking mechanism is mounted on 
locking plates securely attached to the front of the machine frame. 
The plates are designed with vertical and horizontal slots. The 
locking tappets, one of which is attached to each lever, are 
fitted each in the vertical slot directly beneath its respective lever. 
Movement is transmitted from the lever through the medium of 
the tappets to the cross-locking which slides back and forth in the 
horizontal slots of the locking plate. 

The second important safety feature insuring coordination 
between the levers and the switches controlled by them is secured 
by means of dynamic-current indication, energy for which is fur- 
nished by a momentary dynamic current generated by the switch 
motor of the operated function itself when, and only when, the 
actual operation of such function shall have been properly com- 
pleted. The use of the dynamic current generated by the mo- 
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mentum of the motor of the operated unit at one end of the circuit, 
and so giving the desired indication at the lever at the other end of 
the circuit, prevents the receipt of a false indication due to a cross 
between the wires of the circuit. As previously mentioned, no 
electrical indication is required during the reverse movement of a 
signal lever. However, in order to insure that the stop indication 
of a signal is displayed before the lever can be restored to its full 
normal position an indication must be obtained. This is secured 
by means of battery current controlled through a relay which 
directly repeats the stop indication of the signal. 

The third essential safety feature, that of preventing unauthor- 
ized movements of controlled functions due to current being im- 


Fig. 1 Station Tracks at West Enp or Layout, WITH SIGNAL 
Station av Lert, THREE Top Fioors 


Fig. 2. INTERLOCKING MACHINE 


properly applied to its circuit by means of crosses or grounds, is 
accomplished as follows: 

Each switch lever is equipped with a system known as indi- 
vidual cross-protection. 

All switches while at rest are normally on a closed circuit of low 
resistance. A polarized relay of low resistance is inserted in each 
circuit and is mounted on the terminal board of the interlocking 
machine, the relay being connected in such a way that normal cur- 
rents through the circuit due to manipulation of the lever flow 
through the relay in a direction to maintain its contact closed. 
However, currents improperly applied from crosses with other 
circuits or grounds must pass through this relay in a direction to 


cause its contact to open. The opening of this contact cuts off 
the negative energy for the switch, thereby preventing the un- 
authorized movement of the function. The windings of the 
polarized relay are so designed that its contact will open on about 
one-half the operating current. 

The cross-protection system is installed on the closed-circuit 
principle, and all contacts and connections relied upon for protee- 
tion are also used in operating the function, thereby securing 
complete check as to their integrity with every complete operation 
of the switch. 

The unauthorized proceed indication of any signal is prevented 
by the placing of a shunt across the signal-operating wires by 
means of contacts actuated by the lever and closed only with the 
lever in the normal or stop position. 

The fourth requisite necessary for safe operation consists of 
electric locking devices to guard against the possibility of a 
switch being operated under a train or in advance of an approach- 


ing train which has accepted a signal to proceed through th 
interlocking. This system of protection is known as sectional 
locking, sectional route locking, and approach locking. Each 
switch lever is equipped with a forced dropped electric lock. 
The coil of the lock is wound for direct-current operation at 12 
volts. The lock is designed to be mounted on the top of the lever 
guide, locking the lever in the normal and reverse positions by 
means of a solenoid plunger, which, when the lock is de-energized, is 
forced into a notch cut on the top of the lever slide. The circuit 
controlling the lock coil is broken through various control relays 
that open or close depending upon whether one or several of the 
various track sections are occupied. By this means the switch 
levers controlling functions in any given section of track are 
locked in a definite position and cannot be operated by the lever- 
man. ‘This is called sectional locking. Sectional route locking 
as its name implies, is an extension or further development of 
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sectional locking and route locking that, through the medium of 
track circuits and various control relays, locks all levers control 
ling switches in any route when the train passes the signal govern- 
ing movements over that route. The approach locking will be 
explained in connection with the description of the signals. 


SwItcHEs 


Each switch, movable-point frog, double slip switch, and derail 
is operated by a switch machine, which is a self-contained mech® 
nism consisting of a motor, gearing, operating and locking mem 
bers, pole changer, and a point detector of the over-and-lock 
type. Fig. 3 shows a power-operated switch. 
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The switch machines used (Fig. 4) are under the control of a 
lever in the interlocking machine and are operated by direct cur- 
rent at 110 volts. Machines are securely bolted to two ties and 
are usually placed approximately 3 feet from the gage of the 
nearest rail to the center line of the machine. Switch machines 
are rigidly maintained in their proper relation to the rail by the 
use of tie plates. 

When the switch, in normal position, is to be operated, the first 
movement of the stroke of the controlling lever carries it as far as 
the reverse-indication position and permits current to flow, which 
causes the mechanism to move the switch points to the reverse 
position and to lock them in that position. When this movement 
has been completed, the circuit through the switch motor is auto- 
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ing used for “Stop,” yellow for ‘Proceed at slow speed prepared to 
stop,” and green for “Proceed at restricted speed prepared to 
stop at the next signal.’’ A three-indication color-light signal is 
shown in Fig. 5. Each signal is under the control of a lever in 
the interlocking machine and also is controlled through the switch- 
point detector mechanism of the switch machines in the par- 
ticular route involved, thereby assuring that a proceed indication 
‘-annot be given to a train unless the switch points are in proper 
position and locked. The signals are equipped with the doublet- 
lens light units and are lighted by lamps rated at 10 volts and 20 
watts. The approximate range of signals so equipped is 4000 to 
5000 feet. Range is understood to mean the distance on a tan- 
gent, in bright sunlight, at which the indications are clear and 


LOCK RODS 
Li! | 
CLUTCH -POINT-DETECTOR 
Hin RODS 
— 
5 
Ta! 
INTERMEDIATE 
GEAR 4 
MAIN GEAR 
POLE- 
CHANGER 
| [POINT-DETECTOR 
J // | 
4 


LOCKING BAR 


Fic. 4 AssemBiy or GENERAL Raitway & SiGNaAL Company's Mopen 5A Switch MAcuHINe 


matically changed, disconnecting the motor from the battery and 
connecting it in a closed circuit including the indication magnet on 
the lever; at the same time the armature terminals are reversed for 
indication purposes, thus leaving the motor connections in proper 
position for the next operation. The motor, now a generator, 
with the momentum acquired during the operation of the switch 
Movement generates a momentary current that energizes the 
indication magnet on the lever, thus permitting the final move- 
ment of the lever to be completed. The operation of the lever 
and function from the reverse to the normal position is accom- 
plished in the same manner. 

The complete switch operation with the final movement of the 
lever is accomplished in from 2 to 2'/, seconds, the indication 


being p: actically instantaneous with the completion of the switch 
operation. 
SIGNALS 


The signals are of the two- and three-indication color-light 
type displaying a light for both day and night indication, red be- 


distinct to a person of average eyesight. The design and the con- 
struction of this doublet-lens unit are such as to eliminate the 
possibility of phantom indication except those of so weak a nature 
as to be negligible. 

Each signal controlling traffic for through movements is pro- 
vided with a complete system of approach locking that prevents 
the changing of any switches in a given route for which the signal 
has been cleared for an approaching train. Should it be necessary, 
however, to change any route for which the proceed signal has 
been displayed, the approach locking may be released only after 
the stop indication has been displayed through the medium of 


clockwork time releases that can be adjusted for any time interval 
up to 5 minutes. This time interval is set to meet local speed 
conditions and to prevent the manipulation of levers that would 
endanger the train. 


All signals not provided with approach locking are equipped 


with electric time-release contactors so arranged as to prevent the 
lever being restored to the full normal position until 10 seconds 
has elapsed after the signal has displayed the stop indication. 
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This arrangement guards against the possibility of the operator 
putting the signal at stop just as an engineman is passing it and 
changing switches in the route set-up before the track relay has 
opened and applied the electric locking. 


Track Crrcuits 


The track circuit is the vital and fundamental feature of 
modern signaling. Upon the integrity of the track circuit rests 


secondary, having adjustable taps in steps of 1 volt. At the other 
end of the section a polyphase two-position track relay is con- 
nected to the rails. We now have a continuous closed circuit 
from the transformer through the rails of the track section to the 
relay. The presence of a pair of wheels or of a train in the section 
will short-circuit the transformer, shunting the current from the 
relay and causing it to assume the de-energized or open position. 
Consequently the relay is deprived by the wheels and axles of the 
current necessary to maintain its closed position. The track 
relay is equipped with the necessary contact points through which 
are controlled the various secondary relays for operation of the in- 
terlocking system. 

The track layout at Springfield is divided into 58 separate track 
sections arranged to secure the necessary measure of safety com- 
bined with the maximum flexibility of operation. Parts of the 
track layout are shown in Figs. 6 and 7. Flexible operation of 
any system of interlocking depends largely upon the rapidity of 
operation of the individual functions and its capabilities for per- 
mitting simultaneous operation of a number of functions. 


TRACK AND SIGNAL INDICATOR 


It has been stated elsewhere in this paper that the feature most 
important for facilitating operation in a plant of this kind is the 
means provided to inform the operator as to what is taking place 
on the roadway. This feature is provided through the medium of 
an illuminated track and signal indicator. The indicator, which 
also serves as a diagram for the numbered functions, is mounted 
on a steel frame suspended from the ceiling of the operating room 
directly over the interlocking machine (Fig. 8). This indicator is 
a miniature track layout showing all the track sections, switches 
and signals in their respective locations. The track circuit blocks 
are illuminated with white electric lamps when the track section 
is clear, and the lamps go out automatically when the track see- 
tion is occupied. For repeating the indication displayed by the 
signals small electric lamps are also used. These lamps are 
arranged to be illuminated red when the signal displays a stop in- 


Fie. 6 West Enp or Track Layout Lookinc West From 
SIGNAL STATION 


the proper and safe operation of the interlocking system. Its 


essential feature is a section of track insulated at each end from 
the adjoining sections of track. Each rail in this section is con- 
nected to the ones adjoining by bond wires, for the purpose of 
making a continuous conductor from one end of the section to the 
other. At one end of the insulated track section current is fed to 
the rail from a small transformer. Each transformer has a 
capacity of 75 volt-amperes with 110-volt primary and 12-volt 
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dication and to show green when a proceed indication is displayed. 
With this arrangement a lamp failure in the track-circuit sectio! 
will indicate to the operator that the section is occup: id, and 
whether or not such indication is correct, safe operation is as 
sured. The lamps for illuminating the indicator are supplied 
with current from a transformer connected to the main powe 
supply and are directly controlled from the various traci circtl! 
sections and signal repeating relays. 
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TELEPHONE SERVICE 


In addition to the information conveyed to the operator by the 
indicator, complete telephone service is provided connecting with 
train dispatchers, station platforms, and various points on the 
roadway within the limits of the interlocking. The telephone 
service is supplemented by the telautograph system with sending 
and recording sets in the signal station and the dispatcher’s office 
and with recording sets only in the station master’s office, station 
information office, and train bulletin board in the main waiting 
room of the station. 

Power 

Power for the operation of the interlocking is taken from the 
city service, which supplies two-phase 60-cycle current at 440 
volts. Power is distributed through the switchboard, as shown in 


Fic. Track AND Inpicator Mountep Over INTERLOCK- 
ING MACHINE IN SIGNAL STATION 


Fig. 9. The main battery for operating the switch machines 
and the low-voltage battery for operating the electric locks, 
secondary relays, ete., are enclosed-type lead storage batteries. 
The main battery consists of 60 cells of 350 ampere-hour capacity 
and the low-voltage battery has two sets of batteries of six cells 
each in multiple with a combined capacity of 700 ampere-hours. 
Single-phase 110-volt alternating current is supplied for the 
operation of the track circuits and color light signals. 

The main battery is trickle-charged by a motor-generator set in 
duplicate. The generator is shunt-wound and supplies 750 watts 
at 150 volts. The low-voltage battery is also trickle-charged by a 
motor-generator set in duplicate. The generator is shunt-wound 
and supplies 750 watts at 15 volts. 

In the event of a temporary failure of the commercia! power 
furnished from the city service a d.c.-a.c. motor-generator set is 
provided which is automatically cut in to furnish the power to 
operate the interlocking. The set is operated from the main 110- 
volt storage battery. 

CONCLUSION 


The features of importance in the interlocking system as in- 
stalled at Springfield, the author believes, have been covered in 
‘tis paper. Two of these essential features have beeu considered, 
tamely, those having to do with the safety and with the facility 
of | (he system. There are of course two other features, namely, 
reliability and economy. 

Reliability of an interlocking system is primarily dependent 
upon the fundamental principle underlying its operation. The 
principle of the system installed by the Boston & Albany, it is 
believed, is correct, and it therefore follows that the reliability of 
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the system then depends upon a proper design of each and every 
part of the devices used to put the principle into practice. 

The economy effected by a system of this kind is reflected in 
many ways. If the design of the apparatus is correct, resulting in 
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long life, the cost of renewals will be relatively small. The cost 
of operating also shows a corresponding economy, not only by the 
fewer men required for an electric as compared with a mechanical 
system of interlocking, but also in the cost of train operation. 


Discussion 


J.J. Corcoran.? The author mentioned phantom signal indi- 
cation. In signal work this is a very important feature. The 
color displayed by the signal must be only that resulting from 
the light behind the lens. The signal is designed so that any 
exterior light that may be reflected from an unlighted lens and thus 
tend to give an improper indication, is limited as far as possible. 

Another feature is that of the trickle charge which is very 
widely used on most of our railroads. The old-fashioned way was 
to charge the battery to its full capacity and then let it discharge 
until it reached the point as far as it was designed to go and then 
charge it again. This new method calls for constant float charg- 
ing, thus keeping the battery at full capacity at all times so that 
there will always be sufficient energy to operate the system for 
maximum stand-by capacity. 

Tue Autuor. Mr. Regan asks if this installation on the Bos- 
ton & Albany has resulted in the discontinuance of two signal sta- 
tions, one on either side of the Springfield station, and if we can 
operate the signal station with a smaller force than in the other 
system. In reply the author would state that the new interlock- 
ing replaces two mechanical signal stations that heretotore con- 
trolled the traffic into and through the old station. A 48-lever 
mechanical tower controlled the switches and signals east of the 
station and a 56-lever mechanical tower controlled the signal lay- 
out west of the station. These two signal stations required a force 
of 14 men for operation for a 24-hour period, whereas the new in- 
terlocking is operated by 9 men in the 24-hour period. This 
marked economy in operation effected by the new electric inter- 
locking as compared with the old mechanical system of interlock- 
ing is further increased by a corresponding economy in the cost 
of train operation. A recent check-up showed that a total of 
approximately 1015 movements are made by this interlocking in 
a 24-hour period. 


2 Assistant Signal Engineer, New York Central Railroad, Lines 
East, Albany, New York. 
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Locomotive and Freight-Car Utilization 


What the Railroads Have Accomplished in More Effective Equipment Utilization Since 1920 
By C. B. PECK,' NEW YORK, N. Y. 


HE termination of Federal control of the operation of the 

railroads of the United States early in 1920 was the be- 

ginning of a new era of railroad operation. One of the im- 
portant characteristics of the new era is the attention which is 
being given to effecting a more intensive utilization of every facil- 
ity which enters into the production of transportation. The re- 
sults are perhaps most strikingly demonstrated in the case of 
ears and locomotives, with which we are here concerned. 

The problems involved in making the most effective use of the 
available supply of cars are quite different than those involved 
in making the most effective use of the available supply of loco- 
motives. The car problem is much more complex and, unlike 
the locomotive problem, is not entirely within the control of the 
operating departments of the railroad, nor, indeed, entirely 
within the control of the railroad as a whole. The average car 
load is more within the control of the shipper than of the railroad, 
and the frequency with which each car can be made available 
for loading is also partially within the control of the shipper. 
Problems connected with interchange between railroads, par- 
ticularly in keeping a suitable distribution of the supply 
as between regions and railroads to meet the varying seasonal 
demands of certain kinds of traffic, are also very complex 
and beyond the effective control of the carriers, acting in- 
dividually. 

The methods worked out by the carriers since 1920 to make the 
car supply serve most effectively are generally familiar to engi- 
neers interested in railroad problems. The principal features of 
these methods are the centralized control of car distribution 
through the agency of the Car Service Division of the American 
Railway Association in crises which require measures other than 
those affected by the car-service rules, the reporting of the facts 
pertaining to car utilization by the Car Service Division, and the 
opportunity for cooperative action of the railroads and the ship- 
pers through the Regional Advisory Boards. 

To accomplish the utmost use of each unit of equipment, the 
principal objectives, so far as the operating department is con- 
cerned, are prompt movement and the heaviest practicable 
loading per car. The former is measured in terms of car-miles 
per day; the latter, in tons per loaded car. The car loading 
had decreased since 1920. The promptness of movement, how- 
ever, as measured in miles per car-day, has markedly increased, 
and the result has been a progressively improving service to the 
public both in the promptness with which cars have been fur- 
nished for loading and the dispatch with which they have been 
moved to destination. Prior to and including 1920, each suc- 
ceeding year of peak traffic was a year of congestion and heavy 
car shortages. In 1923, in which the net ton-miles handled ex- 
ceeded the traffic of 1920 by 2 per cent, car shortages, although 
still present, were less severe in their effect. In 1926, the most 
recent peak year, with 8 per cent more net ton-miles than in 
1 924 ), car shortages had, practically speaking, disappeared entirely. 
This is a record with which the railroads and shippers alike 


may be proud. 
So much for the character of the public service rendered by 


Editor, Railway Mechanical Engineer. Assoc-Mem. 
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the railroads. What has been the effect on the roads themselves? 
What tendencies has this effort set in motion and how are they 
likely to affect the future? Perhaps a brief examination of the 
data bearing on these questions may be worth while in helping 
to relate to each other at least some of the factors in a situation 
which, in some respects, is puzzling enough. 

The first factor to be considered is net ton-miles, which is 
the measure of the business handled. The next is the number of 
cars on line in which the ton-miles have been produced. The 
next is the number of car-miles required to handle the business, 
classified as loaded miles and empty miles. 

In presenting the picture, I shall make as little reference as 
possible to the large numbers which must be used to express these 
various quantities in the aggregate for the Class I railroads in 
the United States, but since it is the trends in which we are 
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interested, I shall, in the main, merely indicate the rate of growth 
© decline since 1920. Those who are interested in the actual 
quantities for each year will find the data in tabular form. 

In Fig. 1 is shown the trend in car utilization from 1920 as 
shown by the average tons of freight handled per loaded car, the 
average miles per car-day, and the net ton-miles per car-day. 
This shows the proportion to which the car load has dropped off 
since 1920 and how the car-miles per car-day have increased at a 
much greater rate than the business handled, having increased 
by 12 per cent in 1923 and 21 per cent in 1926, whereas the 
volume of business moved had increased but 2 and 8 per cent 
in those two years, respectively. The net ton-miles per car-day 
is merely an indication of the relation between the gross business 
handled and the aggregate supply of cars and, beyond this indi- 
cation, is of little significance. 

Fig. 2 shows what actually took place in producing the results 
indicated by the ratios in the previous diagram. The number of 
cars on line, which represents the ownership of the railroads 
plus such privately owned equipment as is actually in service 
on the rails of the carriers, has remained fairly constant, with a 
slight dropping off during 1921 and 1922 when business was 
light, and a gradual increase in 1925 to about 2.4 per cent more 
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than in 1920, from which it has varied but slightly since that time. 
Loaded car-miles, of course, has followed the trend of the amount 
of business to be handled. But, whereas in 1923 the net ton- 
miles had increased only 2 per cent over 1920, the loaded car-miles 
had increased 7 per cent and, with 8 per cent more net. ton-miles 
in 1926 than in 1920, the loaded car-miles was 16 per cent more 
than in 1920. This, of course, is the result of the decline in the 
average car load. 

One of the most interesting points in connection with the car 
performance is the trend in empty car-miles. It will be seen 
that in 1921 when business declined materially from the pre- 
ceding year, the aggregate amount of empty car mileage had 
increased slightly. If fell off in 1922, but not in proportion either 
to the amount of business or the loaded car-miles, and since 
that year has continued to increase steadily with the exception 
of an insignificant decline in 1924. In 1923, with its slight 
increase in business over 1920, empty car mileage had increased 
18 per cent; in 1925, with practically the same volume of busi- 
ness, it had increased 28'/, per cent, and in 1926, had increased 
40 per cent over 1920. Despite the decline in the volume of 
business handled in 1927, the number of empty car miles had 
still further increased to 42 per cent over 1920. This, then, is the 
explanation for the greater proportionate increase in car-miles 
per day than in loaded car-miles and in the maintenance of prac- 
tically the same number of miles per car-day in 1927 as in 1926, 
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despite a decline in business and a similar decrease in the number 
of loaded car-miles. 

In 1920 there was an average of 47.3 empty car-miles for 
each 100 loaded car-miles. As the result of the marked increase 
in empty car-miles, there has been, with the exception of 1921, a 
steady increase in this ratio to 52 in 1923, to 57 in 1926, and to 
59 in 1927. This is the price which the railroads have paid to 
make a car supply, which, in 1926, was only about two per cent 
greater than in 1920, handle a traffic eight per cent greater than 
in 1920, and to handle it without car shortages. How it was 
accomplished may become at least partially evident by exam- 
ining the trend in the percentage of cars owned which are at home 


on the lines of the owning roads. This is shown in Fig. 3. Thy 
curve does not show all of the minor fluctuations reported, by 
does show major swings and all of the critical points in the curye 
At the termination of Federal control in 1920, the freight car 
of the carriers were so badly scattered that but 22 per cent wer 
in the hands of the owners. Much the same condition had pre. 
vailed throughout the period of Federal control. This was 
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followed by a tremendous home movement late in 1920 and early 
in 1921, to the effect of which attention has already been called 
in the increase in empty car mileage which took place in 192! 
in spite of a severe decline in traffic. A high point was reached 
in January, 1922, when 75.9 per cent of the cars were in the 
hands of the owners. In 1922, with the coal miners’ strike be- 
ginning on April 1 and the shopmen’s strike beginning on July |, 
the cars were again considerably scattered and but 46'/» per cent 
were in the hands of the owners when the downward trend was 
checked in November. 

In the face of this unsatisfactory distribution of cars, the 
railroads handled the largest volume of business ever handled 
up to that time in the same length of time, and at the same time 
effected a gradual improvement in the location of the cars. Dur 
ing 1924 and 1925 the conditions with respect to car location 
remained fairly constant at a point averaging somewhere between 
65 and 70 per cent, with maximums over 70 per cent and minimums 
not much under 60 per cent. It is worth noting that during the 
latter year, with a total volume of traffic practically the same as 
for 1923 and a fairly uniform distribution of cars, falling of 
slightly during the heavy traffic period in the autumn, the empty 
car-miles had increased materially over the number required in 
1923, when a marked redistribution of equipment was effected 
in the face of heavy traffic. 

Looking at this curve for the major trends—that 1s, disregard- 
ing the seasonal fluctuations—it is evident that since 1{)22 cars 
must have been promptly returned to the owning roads —loaded 
if possible, but without holding for loads—to maintain the 
relatively high percentages of cars in the hands of the owners 
which have prevailed since 1924. 

A study of Figs. 1 and 2 shows that for the country as 4 whole 
car-miles per day implies something which I do not believe 8 
always kept in mind when using this figure. With a total vad 
supply which varies but slightly from year to year, ear-miles 
per day varies in proportion to variations in total car-miles. 
The use of this figure, then, as a measure of overall effectiveness 
of car utilization places a premium on empty car-miles, which 
tends to swell the total without actually producing any net to” 
miles of revenue movement. 
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As an indication of what, from a purely operating standpoint, 
may be considered as a measure of the efficiency with which 
cars are used, I believe it is permissible to divide the total number 
of net ton-miles moved by the total number of car-miles, empty 


~ 


lass I iiways New ngland| Region 
15 
140 
130|__ 
a 


~ 
~ 
S 


~ 
3 
S 


Trend in Per Cent from 1920 as Base 


90 
\ 
[Cars On Ling 


4 


| | 


70 
1920 192 1922 1924 1925 1926 1927 


Fic. 4 Car PERFORMANCE IN THE NEw ENGLAND REGION 


and loaded combined, to see how much revenue-producing service 
each car-mile is rendering. The trend in this unit is shown in one 
of the curves on Fig. 1. It will be seen that this has been con- 
stantly declining since 1923. 

This does not mean that car-miles per day is not a good unit 
when applied to individual railroads because it immediately 
reflects changes in the number of cars on the line, which do not 
take place when considering the roads as a whole. An accumu- 
lation of cars increases the divisor and, therefore, decreases the 
quotient, other conditions being equal. 

How the number of cars on line affects the trend in car-miles 
per day is indicated in the graphs for the New England and 
Pocahontas regions, respectively, on Figs. 4 and 5. In the 
former a marked decrease in the number of cars on line from 
1924 to 1927, inclusive, had a material influence in causing a 
proportionately much larger increase in the miles per car-day 
than took place in the number of car-miles. In the latter case 
it will be seen how an increase in the number of cars on line 
since 1920 has reduced the proportionate increase in car-miles 
day below the proportionate increase in the number of car- 
mules. 

While the curves show that empty car-miles are increasing 
much more rapidly than the aggregate service required from the 
total supply of freight cars, it must be remembered that what 
has been shown is the relationship of various trends, which does 
not in any way indicate the relative importance, or “weighted 
value” of the factors they represent in their effect on operating 
economy. This may, in a measure, be judged by the trend in the 
ratio of empty to loaded car-miles, in Fig. 3, or by the relation- 


ro — loaded car-miles and total car-miles as shown on 
ig. 2. 
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ConpiTION oF FREIGHT Cars 


There is another matter which must be considered before 
leaving the subject of freight-car utilization; that is, the con- 
ditions of the freight-car equipment during the years under 
consideration. Have equipment conditions been one of the 
causes of the splendid service results, or has the intensive service 
been a cause for the equipment conditions? I think it will 
appear that the equipment conditions have been in a measure 
both cause and effect. 

In considering the trend in car conditions the general char- 
acter of the curve in Fig. 3 showing the percentage of home 
cars on the owning lines should be kept in mind, remembering 
particularly the extremely low percentage which prevailed 
during 1920, the tremendous home movement late in 1920 and 
early in 1921, and the marked scattering of the equipment again 
during 1922. With this in mind, the curves on Fig. 6 will show 
what has been the condition of the equipment. The lower curve 
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on this graph shows the number of hours of labor of men em- 
ployed in car repairs paid for monthly by the Class I railroads. 
The figures are shown for a single month in each quarter of the 
year which I believe is sufficient to indicate the trend. 

The upper curve shows the average yearly percentage of the 
cars owned which were unserviceable during the period. One 
may readily trace the effect of the 1922 strike with its accompany- 
ing scattering of the cars and disruption of the car department 
forces, and also the effect of the falling off of business in 1924 with 
the accompanying curtailment in the amount of labor devoted 
to car repairs. The striking thing about the situation, however, 
is the marked and steady decline in the percentage of bad-order 
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cars since 1924, with the accompanying decline in the amount 
of labor devoted to the maintenance and repair of cars. 

It is evident that the intensive effort to rehabilitate freight 
cars, inaugurated in 1923, following the strike, has done more than 
merely to patch up the equipment, or the proportion of bad-order 


16 


~ 


7 | Average |Per Cent bf Cars 
in Bad Order 


a 
N 


Per Cent Cars 
Unserviceable 


7 


~ 


Houts of Carmen's Labor Paid|for | 


Q 


(Millions) 


Time Paid for in Hours 


® 


1920 192! 1922 1923 1924 1925 1926 1927 


Fic. 6 Montuty Hours or Car-Repair LABOR AND THE PERCEN- 
TAGE OF FREIGHT Cars UNSERVICEABLE 


cars would not have continued to decline in the face of a de- 
creasing amount of maintenance labor. Further evidence of this 
is also afforded by the fact (not shown on the diagram) that both 
theJnumber of cars receiving heavy repairs and the number 
receiving running repairs has gradually declined through the same 
period. Had running repairs shown a tendency to increase, it 
would indicate an accumulation of deferred maintenance, but 
the contrary is actually the case. 

The increase in the car supply available for use indicated by 
the decline in the percentage awaiting or under repairs has 
played its part in the character of the service which the railroads 
have been able to render. The large proportion of the cars which 
have at all times been on the lines of the owning roads has, 
in turn, been one of the causes for the constantly improving 
condition of the equipment. The cost of maintenance tends to 
decrease as the percentage of cars at home increases. Each 
road does a thorough job to its own cars but makes only tem- 
porary repairs to foreign cars. 

Further information as to the condition of the equipment is 
afforded by the curves in Fig. 7. The curves at the top of the 
graph show the total car ownership of the Class J railroads at the 
end of each year and, since 1920, the average number of cars 
on the lines daily for each year. The lower curves, all of which 
are parallel to each other, have been drawn starting from dif- 
ferent dates to show cumulatively from 1911, 1916, and 1920, 
respectively, the number of cars installed. It will be seen that a 
number of cars equal to 80 per cent of the cars owned at the end 
of 1926 were installed during the 15-year period from 1911, 
56.7 per cent in the 10 years since 1916, and 31.2 per cent during 
the six years since 1920. 

Attention must be called to the fact that the number of cars 
installed does not represent the number actually built new. This 
will be evident by an inspection of Fig. 8. During the years 
since 1920 many of these installations represent cars retired from 
the records of the carriers, rebuilt, in the main with betterments, 
and reinstated on the books of the carriers. Something of the 


extent to which this was done may be evident from the fact 
that 232,000 cars were installed in 1923, while less than 100,000 
were ordered during that year, and only 180,000 had been ordered 
from the builders during the preceding year. Two hundred 
fourteen thousand cars were retired, however, in 1923, in the 
heavy rehabilitation program which followed the strike. A 
considerable percentage of these cars were undoubtedly rebuilt 
and reinstated. 


TABLE 1 FREIGHT-CAR PERFORMANCE 


Net Empty No. Per Per 

ton- Freight car-miles in per freight cent of cent 

miles (000,000) cent of carson owner- unser 
Year (000,000) Total Empty Loaded loaded line ship vicealyle 


1920 449,125 22,607 7,259 15,384 47.3 2,469,000 104.4 7.0 
1921 344,343 19,819 7,335 12,484 58.7 2,425,000 103 13.2 
1922 375,617 20,808 6,831 13,977 48.8 2,426,000 105.0 12.8 
1923 457,590 24,993 8,569 16,424 52.0 2,463,000 106.3 8.0 
1924 429,453 24,448 8,535 15,913 53.6 2,486,000 106.2 7.8 
1925 456,265 26,230 9,323 16,907 55.1 2,526,000 106.6 e208 
1926 488,578 27,974 10,154 17,820 57.0 2,520,000 106.8 6.5 
1927 474,683 27,791 10,312 17,479 59.0 2,509,300 107.0 5.9 


TABLE 2 FREIGHT-CAR PERFORMANCE—AVERAGES 


Average Average 


weight car Net tons Car-miles Net ton- Net ton 

per car, capacity, per per miles per miles per 
Year tons tons loadedcar car-day  car-day car-mile 
1920 20.1 42.4 29.3 25.1 498 19.9 
1921 20.4 42.5 27.6 22.4 389 17.4 
1922 20.5 43.1 26.9 23.5 424 18.1 
1923 20.7 43.8 27.9 27.8 509 18.4 
1924 20.9 44.3 27.0 26.9 472 17.6 
1925 21.1 44.8 27.0 28.3 493 17.6 
1926 21.4 45.1 27.4 30.4 532 17.5 
1927 21.6 ‘ 27.2 30.3 518 17.1 
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How far were these reinstated cars improved with betterments? 
It is impossible to answer this question, except in a very general 
way, without an actual inventory of the equipment. An indi- 
cation, however, may be obtained by examining the trend in the 
proportion of cars of all-steel or steel underframe construction. 
In 1915, 52.1 per cent of all freight cars of railroad ownership 
were of all-steel or steel underframe construction. In 1920 this 
proportion had increased to 65.2 per cent, the increase having 
been maintained with a fair degree of uniformity throughout the 
five years. In 1925 this proportion had increased to 75 per cent, 
the trend again being fairly uniform. 

The great bulk of freight cars of railroad ownership are i0- 
cluded in two classes—box cars and open-top cars, or coal cars 
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In the former group are included between 46 and 47 per cent of 
the total ownership and in the latter, a little more than 40 per 
cent. In 1915, 38.6 per cent of all of the box cars owned by the 
Class I railroads were of all-steel or steel underframe construction 
mostly the latter. In 1924 this proportion had increased to 
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ments by the carriers, notably in 1923. With each succeeding 
increase in business, this fairly constant number of cars has ren- 
dered a slightly increasing amount of service, but the promptness 
of the service has increased very materially. More car loadings 


80, 
64.5 per cent and, in 1925, to 67.6 per cent. In the case of coal | | } If 
cars, 71.3 per cent were of steel or steel underframe construction + t 
in 1915, 89.1 per cent in 1924, and 90.5 per cent in 1925. These Bs, 70 ~ ae a ee A 
figures indicate a steady improvement in the character of con- 4% ee ee 

cy Car Load in Rer Cent of Car Capac 

struction which, of course, is a major factor in the ability today 
to maintain the equipment in a highly serviceable condition LS 

There is one other trend which is worth while considering y T 
before concluding our attention to the freight-car situation. — 
That is indicated by the curves in Fig. 9 whic h show the rate at &S Kyerage Weight ber Car _ ——— 
which the average capacity and average weight of freight cars — fo ee ee 
have increased since 1920. It will be seen that the two increases es 100 =-- >. = 
have almost coincided. It will also be seen that the proportion var cappeny 
of average car capacity which is actually utilized has declined 

Returning for a moment to Figs. 4 and 5 illustrating the trend =e a | verag@ Car Lode a 
in freight-car utilization in the New England and Pocahontas RE: | T T i 
regions, respectively, one may see what a relatively small part 1 1 1 1 me 
of the potential carrying capacity of the cars is actually utilized sco 0 wee we aus wes wes we 
in territories where no coal originates and how the tendency is Fic. 9 Car Loapine tn Retation To Car Capacity 
downward under such conditions. Starting with an average TABLE 3 FREIGHT LOCOMOTIVES 
car load of 24.6 tons in the New England region in 1920, Pp Average 
it has declined to 20.7 tons in 1927. The Pocahontas Region, : unservice- Active force, 
on the other | as le f l .s il i Year On line Stored able locomotives Ib. 

1 th er hand, is made up of coal-carrying railroads, 1920 30,081 669 243 22.102 bev 
and ear loading in this region has increased from 42.1 tons seat 33,003 3.908 24.0 21,158 a3 4s0 
in 1925 to 45.3 tons in 1926, with a slight decline to 44.9 tons 1923 32'976 1481 21:6 24'380 43'706 
in 1927 1924 33,230 3,827 18.8 23,153 45,300 
in 1927, This represents the effect of the heavy coal move 1925 32'450 3712 17:8 22'968 45'840 
ment which, as the graph indicates, has grown rapidly during 1926 31,639 2,775 16.4 23,679 46,750 
1927 30,570 4.707 16.1 20943 48,000 

1e past lew years. (11 months) 

T T have been required because of the decline in the average 
= [ | + | load. This improved service has been effected at the 
"Tone Miles! Freight expense of a marked increase in empty car-miles. This 
increase in the proportion in 1926 over that in 1920 re- 
con Y ired the tion of imately 3.5 t 
se | quire e operation of approximately 3.5 per cent more 
/ freight train miles and, in 1927, approximately 4.4 per 
RS cent more train miles than would have been necessary 
had the 1920 ratio of empty to loaded car-miles pre- 
— t t vailed in those years. The aggregate cost of this ex- 
| Freight Cars Retired tra car mileage was about $100,000,000 in 1926 and 
| Freight Cars Ordered | $120,000,000 in 1927. The average freight-car capacity 
and weight continue to increase steadily, while the 
average car load has declined since 1920. There is 
VE Si eee eee ee ty — little reason to expect it again to increase and the very 
efficiency with which the carriers are serving the public 

og N suggests the possibility of a further decline, from re- 
« 4 ductions in size and increases in the frequency of mer- 

[ Shall this condition continue unchecked? May it 
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_ Before leaving cars, it may perhaps be well to bring together 
in a brief summary the salient features of the situation. The 
car ownership of the Class I railroads has shown little tendency 
either to increase or decline since 1920. It has been supple- 
mented by a slightly increasing proportion of cars of private 
Ownership, mostly of special types such as refrigerator and 
tank cars. The physical condition of the equipment has steadily 
improved, large numbers of cars having been rebuilt with better- 


(ll 1912 1913 191A 195 1916196 1917 1918 199 1920 192] 1922 1925 1924 1925 1926 1827 not He possible that some of the increased empty car 


mileage could be traded at a profit for more cars? 
May it not be time for car designers to study the 
problems of weight and capacity, particularly of box 
cars, in the light of changing conditions? 


LocomoTIve UTILIZATION 


What has happened in the use of locomotives since 1920 is 
fully as remarkable as what took place with respect to freight 
cars. Fig. 10 shows the number of locomotives, both in freight 
and passenger service, with which the railroads have handled 
their business. There was an average of 30,081 freight loco- 
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motives on the lines of the Class I railroads in 1920. The number 
increased slightly following 1920, declining again to 30,570 
during 1927. Since 1922 there has been a steady decline in 
the percentage of unserviceable locomotives, the effect of which 
on the total number of serviceable locomotives is indicated by 
the second line from the top of the graph. There has been con- 
siderable fluctuation in the number of freight locomotives stored 
serviceable since 1920, the number decreasing in the years of 
heavy business like 1923 and 1926. By deducting the stored 


TABLE 4 FREIGHT-TRAIN PERFORMANCE 
Average Average 


Gross’ miles miles 
Locomo- ton- per per 
Train tive Average miles day, year, 
miles miles Train load miles per all active 
Year (000) (000) Gross Net perhr. train-hr. locos. locos. 
14,890 65. 32,500 


3 

5 16,550 49. 

1 16,220 52 

.9 16,790 60. 
1924 600,576 673,289 1588 715 11.5 18,257 54 

8 
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19,679 58. 
20,705 61 


1927 610,497 689,177 1780 778 12. 21,945 on 33,000 


TABLE 5 PASSENGER LOCOMOTIVES 


Per cent Average 

unservice- Active tractive 

Vear On line Stored able locomotives force, lb. 

1920 13,684 24 

1921 15,039 599 23.1 10,970 — 

1922 14,944 540 23.5 10,889 26,745 

1923 14,547 331 20.8 11,191 27,456 

1924 14,544 776 18.5 11,078 28,200 

1925 14,372 906 17.9 10,896 29,000 

1926 13,876 991 17.0 10,525 29,800 

13,526 1106 16.5 10,190 30,800 


1927 
(11 months) 


locomotives from the serviceable, the freight locomotives which 
may be considered as being in active service are shown by the 
third line in the graph. 

How has this locomotive supply been used? There was a 
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Fig. 10 Active Locomotives IN FREIGHT AND PASSENGER SERVICE 


decline in the intensity of the use of the active locomotives 
following 1920 which is indicated by the average miles per year 
which these locomotives made. Starting with 32,500 in 1920, 
the average freight-locomotive mileage dropped to 28,000 in 
1921, and with the exception of a slight decline in 1924, it in- 
creased steadily but slowly until it reached 30,100 during the peak 
year of 1926. What is most striking is the fact that with the de- 
cline in business in 1927, the actual use of the active locomotives 


has shown a marked increase to an average mileage of 33,000. 
This is illustrated in Fig. 11. 

Beginning with 1922, for which the figures are first readily 
available, the average tractive force of locomotives in freight 
service was 42,452 lb. This increased steadily until in 1927 it 
had reached 48,000 lb. During the same period the gross train 
load had increased from 1466 tons to 1780 tons. In Fig. 12 it 
will be seen that this increase in train load was considerably 
greater than the increase in the average tractive force of the 
locomotives, indicating a better average utilization of the po- 
tential tractive capacity. This improvement, in the face of the 
increase in average train speed from 11.1 miles per hour in 1922 
to 12.3 miles per hour in 1927, indicates a splendid performance. 
The combined effect of this increase in train load and train 
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speed is indicated by the gross ton-miles per train-hour which 
were 35 per cent greater in 1927 than in 1922. 

So far as the locomotive is concerned, this is a reflection of 
the tendency toward increased horsepower capacity in modern 
locomotives. Attention must, however, be called to the fact 
that locomotive utilization is affected by the character of other 
facilities such as signals, passing tracks, and yard facilities. 
There was a period following the termination of Federal control 
during which the lack of these facilities in adequate quantity 
exercised a material influence in keeping down the average train 
speed and materially increasing train-hours. Long delays on 
poorly located passing tracks and equally long delays awaiting 
yard track space in which to put away the train at the end of the 
run, not infrequently consumed from one-quarter to one-half of 
the total train-hours. The performance reflected in Fig. 12 is 
in part the result of a constantly improving coordination of all 
of the facilities affecting train movement. 

The number of active passenger locomotives has varied but 
slightly since 1921, as is indicated by the lower curves on Fig. 10. 
There has been a decrease in ownership, a decrease in unservice- 
able locomotives, but an increase in the margin stored serviceable. 
The variation in the relationship of passenger train-miles, the 
number of active locomotives, and the yearly average miles per 
active passenger locomotive has been much less than the varia- 
tions in the similar relationships for freight locomotives. It is, 
however, interesting to note on Fig. 13 that since 1921 there has 
been a steady, although not large, increase in the miles per active 
locomotive per year until 1925, and a much greater increase iD 
1926. 

It is in passenger-train service that the most effective results 
are obtainable from long locomotive runs. The movement to 
ward increasing passenger-locomotive runs has been progressing 
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steadily for several years and has undoubtedly been the major 
influence in producing this increase. 

It was possible to show clearly the relation between the in- 
crease in the average tractive force of the locomotives and the 
gross tons per train in freight service. The data are not avail- 
able from which to show this relationship with equal clearness 
in the case of passenger locomotives. There has been a steady 
increase in the average tractive force of passenger locomotives 
just as there has been in the case of freight locomotives. In 1922 
the average was 26,745 and in 1927 it had reached 30,800 Ib. 
The average passenger train in 1922 consisted of 6.4 cars and 
had increased to 7 cars in 1927. How this increase in the train 
length compares with the increase in the tractive force of the 
locomotives is indicated in Fig. 14. 

The average length of the passenger train, however, does not 


4 
| | 

= 
S100 

90) | 


1920 1921 1922 923 1924 1925 1926 1927 


Fie. 12 Tue ReLaTIon oF TRAIN LoapD TO TRACTIVE CAPACITY AND 
THE TREND OF Ton-MILES PER TRAIN-HouR 


| 
— 
8110 
x - - 
| Yeorly Miles Pdr Active 
§ 90 Ketive Pass. Locomotives | 


if 
1920 /921 1922 1923 1924 1925 1926 1927 


Fie. 13. Trenp YEARLY MILeaGe PER PasseENGER LocoMoTIVE 


tell the whole story. In 1922, of the 6.4 cars per train, an aver- 
age slightly less than 2.0, probably about 1.8, were sleeping, 
parlor, or dining cars. Probably about 2.5 cars of the 7-car 
train in 1927 were of this heavy type of equipment. Further- 
more, there has been a steady increase in the number of steel 
and steel underframe coaches, baggage, and express cars, with a 
corresponding decrease in the number of wood cars. The total 
humber of passenger cars of railroad ownership in service has not 
changed materially from between 54,000 and 55,000, but at the 
beginning of 1923, 24,000 of these cars were of steel or steel 
underframe construction and, in 1927, some 34,000 were of steel 
or steel underframe construction. 

How far this increasing weight of the average car of railroad 
Ownership and the increasing number of Pullman cars in the train 
has tended to increase the weight of the train above that indi- 
cated by increase in length, it would be very difficult to say. 


RR-50-11 15 
TABLE 6 PASSENGER-TRAIN PERFORMANCE 
Average Average 
: Locomotive Average miles per miles per 
Train miles miles cars per day, all year, active 
Year (000) (000) train locomotives locomotives 
1920 555,201 583,774 6.4 jee ee 
1921 543,808 567,848 6.4 ny 51,800 
1922 530,197 554,953 6.4 bes 51,000 
1923 549,841 577,101 6.5 sce 51,600 
1924 553,253 577 ,876 6.6 108.6 52,200 
1925 553,344 578,525 6.7 110.3 53,000 
1926 550,386 576,441 6.9 113.8 54,800 
1927 7.0 114.4 
+ 
120 
ng 
10 —— cars Per 
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Fic. 15 Locomotives Since 1911 


Locomotive ConDITIONS 


In the discussion of cars, an attempt was made to show what 
the railroads have done in keeping up the quality of the cars in 
service. Much the same information is available for locomotives. 
Fig. 15 has been prepared to give some idea of the age of the 
locomotives now in service. It will be seen that of the 62,400 
locomotives in service at the end of 1926, 63.5 per cent were in- 
stalled since 1911. In other words, approximately 64 per cent 
of the power in service at the end of 1916 was then 16 years old 
or less. Of these locomotives, 23,700, or approximately 38 per 
cent of the total locomotives in service, had been installed since 
1916 and were 10 years old, or less, and 14,700 or approximately 
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25 per cent of the total number of locomotives, had been installed 
since 1920 and were not over 7 years old. 

Here the term “installed’’ implies the same thing as it did in 
the case of cars and if one follows the curves on Fig. 16, it will be 
evident that many locomotives which were installed in 1923 were 
old locomotives which were rebuilt either in the shops of the roads 


with about 12 million in the fall of 1921, there was a heavy m. 
duction during the strike to a low point of about 41/3 million 
By January, 1923, a high point of almost 16 million was reached 
There was a decline to 12 million by the middle of 1924. Folloy. 
ing a rise to 13'/; million at the end of the year, there have bee, 
no further sharp changes, the average remaining between 12 and 

13 million throughout 1925 and 1926. The averag 


fie 
| | during 1927 has been slightly under 12 million, jy 
| — keeping with the decline in the business handled lag 
Ton- Miles [Revenue Freight year. 
24 L \ \ _| The essential facts pertaining to the locomotive situ. 
/ \\ tion may be summarized as follows: There has been 
3s relatively small change in the number of locomotives iy 
ss 4 service since 1920. Increases in the number of locomo. 
38 3 AN 1 r § : a + tives during the first years of this period have been offset 
g§ a TY i = by decreases during the past three years. No immediate 
ral Ae shortage of power is indicated, however. The cond: 
=. xN \ | f + \ oa tion of the power has improved and, owing to mor 
= | Service 
NV 77 \ \ A intensive use, there is an increased reserve of 
Se LLY 4 \ 4 able locomotives. Freight train-miles continue to de 
crease owing to the increase in unit tractive capacit 
and train load. The increasing train speed has de. 
+ | creased train-hours in greater proportion than train 
Locomotives installe uy 4 i 
[—-—Locomotives Retired a | miles have decreased. 
-4--Locomotives Ordered | | = There is still another problem of utilization wit 
1 respect to locomotives. That is, taking advantage 
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Fic. 16 Locomotives OrpERED, INSTALLED, AND RetirepD Since 1911 


or in contract shops and accounted for as new locomotives in the 
books of the carriers. These locomotives were in most cases 
rebuilt with betterments and, though not wholly modern, they 
are probably all equipped with some of the appliances which 
characterize the modern locomotive. 

An interesting fact brought out in Fig. 16 is the large number of 
locomotives retired in 1925 and 1926, with relatively small num- 
bers of locomotives installed during those years. This suggests a 
marked clean-up of obsolete power. The decrease in the total 
number of locomotives which these retirements have effected 
has been of small moment so far as its effect on the aggregate 
locomotive capacity is concerned. 

The decline in the percentage of unserviceable locomotives has 
already been mentioned. As in the case of cars, this has been 
accompanied by a decline in the aggregate amount of labor 
expended in locomotive maintenance. The monthly hours paid 
for machinists’ labor may be used as a rough index. Starting 
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the highly developed traveling power plants whic! 
have become available within the past five years— 
locomotives which materially exceed the capacity pos 
sible to obtain within the range of proportions common) 
adhered to no more than five years ago. 

When one considers that the splendid performance, particu: 
larly in freight-train service with its reduced train-hours ani 
greatly improved fuel economy of the past three years, must hav 
been in great degree the result of the better coordination 
facilities previously referred to, it is evident that there is sti 
a big future for continued improvement in these respects whe: 
completely modern locomotives come into use in sufficient num- , 
bers to make their influence generally felt. 

Major dependence for improvement in operating economy ws 
for many years placed on increasing tractive capacity an 
train load. Each train-mile saved in this way, at present, save 
about $1.50. In 1926 each overtime freight train-hour save 
by the Class I railways effected an average saving of $!.! 
for wages. At their face value these facts would seem to emphs , 
size the rich field for locomotives of high horsepower capacit) 
wherever crew overtime has to be paid for. 


Discussion 


Witu1aM Eimer.’ As the representative of the motive-power 
department, it has been the duty of the writer to prepare engines 
and cars for service on the road. It has been a gratification to 
many of the railroad men who, perhaps, looked farther ahead, to 
see their ideas at last come to fruition. 

A new engine house was built at Altoona a few years ago, and 
many labor- and time-saving devices were installed. The writer's 
opinion is that not all of those features were appreciated at the 
time, but as the years went by, those devices to quicken operation 
became of the utmost importance. Looking back on the records 
that were made, and recalling the fact that 400 engines were 
handled each day at that one terminal, it is gratifying to know 


2 Special Engineer, Pennsylvania Railroad Co., Philadelphia, Pa. 
Mem. A.S.M.E. 


that the railroads have been able to keep up their end in this pr 
cession of progress and to help make the figures which the autho" 
has presented. He has painted an excellent bird’s-eye view of tht 
work that has been done in the last few years, and he is to be col 
gratulated on the manner in which he has picked out those thing 
which have produced this remarkable showing by the railroa 
The details, of course, he could not handle in a general surve! 
such as he made. These are taken from the usual statistics whi’ 
are accessible to all railroaders and the public in genera! if the 
care to look them up. Some of the developments that mace tho* 
figures possible are intensely interesting. 
Intensive effort from the highest to the lowest officer is requi™ 
to obtain the performances which have made possible the figur 
which the author has given. Railroad officers who have either 
heard or read this paper must realize that it is their duty to © 
tinue these splendid performances and improve upon them. 
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We can learn a great lesson, as engineers, 


Roy V. 
by studying the causes of the remarkable records mentioned by 


the author. A railroad officer in a recent discussion of operating 
conditions on a 110-mile division stated that not many years ago 
freight-train crews carried most wonderful dinner pails—pails 
costing several dollars each and large enough to carry three or 
four meals. Today these men carry no dinner pails. They eat 
before leaving home, and they get their next meal at the other end 
of the run, since it is regularly made in four and a half or five 
hours. Formerly trains were tied up on this division because of 
the “hog law’’—the 16-hour law. Today this law has been for- 
gotten on this particular division. Why? 

If we study operating conditions of a few years ago, we find that 
there were a great many things that caused delays. For one 
Then, too, 
the executives did not realize the necessity of giving the mechan- 
ical department greater responsibility and support, in order that 
the equipment could be kept in the best of condition at all times. 

In 1922, when the railroads were becoming desperate with con- 
tinued congestion, the American Railway Association wisely set 
~ § Editor, Railway Mechanical Engineer, New York, N. Y. Mem. 
A.S.M.E. 
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up certain goals toward which to strive. As a result, all of the 
railroads got into a big game and less thought was given to de- 
partmental lines. Railroad men as a whole got the idea that they 
were working not so much for their particular department as for 
a great organization, whose duty it was to get freight and pas- 
sengers over the road; they went into it in a spirit of play, as if it 
were a great game. 

When the ball is started in motion in a football game, ten men 
on the team devote their efforts to clearing the way for the man 
carrying the ball, in the effort to prevent his being interfered with. 
Today, when an engineman is given an engine with a train behind 
it, every one gets busy in doing his part to prevent the train from 
being stopped, in order that it may get over the road as quickly as 
possible. Then, too, tremendous amounts of money have been 
expended to provide double or multiple tracks, longer sidings, 
better locomotives and equipment, improved signals, and car 
retarders in freight-train yards. Main-track trains are frequently 
run 1000 miles or more without being broken up at division points 
as in former days. As Secretary of Commerce Hoover stated a 
year ago, the shipper and the receiver of freight can depend upon 
material’s being delivered on schedule time. This has been a great 
factor in stabilizing business. 
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Car Retarders, a Recent Development in 
Railway-Yard Operation 


By L. RICHARDSON,! BOSTON, MASS. 


is the sorting or classifying of cars at division or terminal 

yards. During the past 25 years the so-called hump yard 
has been generally conceded to be most economical means of classi- 
fying ears. The hump yard has one or two tracks on an ascend- 
ing grade to a summit, over which a train of cars is pushed by 
a humping engine, usually at a speed of two to four miles per 
hour. The ears are uncoupled or “cut” by the conductor of the 
humping crew just before reaching the summit, and then run by 
gravity down the far side of the hump into the proper classi- 
fication track. On gravity humps car riders or brakemen con- 
trol the speed of the cars down the hump and ladders to prevent 
them from running into other cars standing on a classification 
track at a speed that might damage cars and lading. Two miles 
per hour for loads, and a corresponding higher rate for empties, 
is considered as a safe coupling speed. The riders climb on the 
cars before reaching the hump, one to each car or group of cars, 
known as a cut, try the brakes to see that they are operating 
properly, ride the car until it reaches its classification track, and 
after checking the speed of the car to about 3 miles an hour 
either walk back to the hump or are carried there by a motor car 
on a special track. A considerable part of the car rider’s time is 
therefore spent in returning to the hump, and unless traffic is 
fairly uniform he also spends much time waiting for trains to be 
humped. Obviously the capacity of a yard depends upon the 
number of riders available. Where traffic is uniform it is not 
difficult to provide a suitable number of riders, but where traffic 
varies greatly, as is the case in most yards, it would not be eco- 
nomical to provide a sufficient number of riders to handle peak 
periods promptly. During such periods it is necessary to wait 
for riders, while at other times the riders are idle. 

The number of cars that can be handled by a rider in a day, or 
an 8-hour trick, varies considerably, depending on the length 
of the classification tracks, on whether he walks or rides back, 
and on the average number of cars per cut. From 25 to 50 cars 
per rider is the usual practice. A car rider’s wages are about $7 
for an 8-hour trick. 

Ordinarily track switches are thrown by switch tenders, the 
number depending on traffic. In some yards the switches are 
power-operated and are controlled from a lever machine at or 
near the hump. The number of 8-hour tricks worked per day, 
as well as the number of engine crews on each trick, also depends 
upon traffic, 


() NE of the important operations in railway transportation 


UsvuaL ARRANGEMENT OF Car-RIpER YARD 


The usual hump yard has one or two tracks from the hump 
and one or more ladder tracks, along which at regular intervals 
are the classification-track switches. This arrangement is essen- 
tial with hand-operated switches so that the switch tenders can 
one or run along the ladder tracks and seldom have to cross 
racks. 

Grades vary greatly, but it is usual to have a short stretch of 
3 or 4 per cent just below the hump and then 1 per cent extending 
Some distance into the yard. In certain cases the 1 per cent 


* Mechanical Superintendent, Boston & Maine R.R. 

Contributed by the Railroad Division and presented at the New 
ngland Industries Meeting, Boston, Mass., October 1 to 3, 1928, of 
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grade begins at the hump and extends nearly to the end of the 
yard. 

The height of a hump can be computed approximately, and 
then raised or lowered until it is suitable for the requirements of 
the yard and for the character of the traffic handled. In general 
a higher hump is required for empty cars than for loads, and also 
for winter conditions as compared with summer ones. In some 
yards the height of the hump is increased a foot or two before win- 
ter begins, and lowered the same distance inthe spring. In other 
yards two humps are provided, a high one for winter and a low 
one for summer. 

The disadvantages of car-rider operation are as follows: 


Unsuitability for sudden peak demands. 

Cost of riders, switch tenders, and other employees. 
Personal injuries to employees. 

Damage to cars and lading. 

Pilferage of cars by riders and other employees at night. 
Cleaning yard of coal, etc., falling from cars. 


DEVELOPMENT OF THE RETARDER 


In order to reduce the cost and to eliminate the hazard of hump 
operation, experimental tests were conducted by President Han- 
nauer of the Boston & Maine (then vice-president of the Indiana 
Harbor Belt) and his associates at their Michigan Avenue car 
shop with a device for the retardation of cars moving on tracks. 

The principles developed here were then applied in a retarder 
placed on the west-bound Gibson hump on September 15, 1923, 
consisting of two 40-ft. sections at the foot of the incline of the 
hump. These machines were first operated by four-way air 
valves from a central point, they being placed in a small building 
at the foot of the hump, and later by electropneumatic valves. 
The latter displaced the hand throw and simplified the work of 
the retarder operators, making it possible for them to handle the 
cars with greater rapidity. 

The first tests were successful, but the question then came up 
as to the action during extreme cold weather, especially when 
accompanied by snow. These tests were continued later in 
1923, during cold weather and snowstorms, and as no adverse 
effect was noted in the operation, this led to further installations 
early in 1924. Operation was then continued with four retarders, 
other units being added, until in December, 1924, the west- 
bound yard was completely equipped. 

The first retarders were constructed from convenient railway 
materials, such as car springs and brake cylinders. Refine- 
ments in design have progressed to the point where practically 
every member has been designed for the required service and 
manufactured accordingly. 

The car retarder (Fig. 1) is a track brake which presses against 
both sides of the lower part of the car wheels in the same manner 
as a vise, the pressure being controlled by an operator according 
to the weight and the speed of the car—heavy retardation for a 
heavy load and little or no retardation for an empty. There 
are two types of car-retarder systems in service on the railways 
of the United States—the all-electric system, in which retarders, 
switch machines, and skate machines are controlled and operated 
by electric energy, and the electropneumatic system, in which 
similar units are controlled by electric energy and operated by 
compressed air. 
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DeEtTaILs OF RETARDER CONSTRUCTION 


The shoe beams are of special alloy steel, 5 ft. 6 in. long, artic- 
ulated to prevent binding due to variation in the grade of the 
track. The top of the brake shoe is 2 in. above the top of the 
rail. The wheel space is 7 in. open and 4 in. closed. Every 
third tie is a steel I-beam. Car retarders are ordinarily 33 
ft. to 40 ft. long. The latter is the maximum length oper- 
ated by one mechanism; if greater lengths are required, two or 
more units are used. The weight of a 33-ft. retarder and mecha- 
nism is approximately 16 tons and of a 38-ft. 6-in. retarder 
approximately 18'/, tons. The construction of a retarder is 


Fig. 1 Heavy-Duty Car RETARDER 


Fic. 2. Enp View or RETARDER, SHOWING HEAvy SPRINGS 


such that there is little chance of any dragging car equipment’s 
fouling the retarder, and also a derailed car could do little damage 
owing to the heavy and substantial parts, capable of bearing the 
weight of a car or a locomotive. The cranks are mounted in 
heavy longitudinal members bolted to the ties. The long arm 
of the crank is attached to a longitudinal operating bar, which 
is connected to the mechanism. The short arm of the crank 
is connected to cross-members which operate the spring mecha- 
nism under each rail. There are 12 sets of springs for the 33-ft. 
retarder and 14 sets for the 38-ft. 6-in. retarder. Each set has 
two springs, making a total of 24 and 28 springs, respectively. 
Fig. 2 is an end view of a retarder member, showing the heavy 
springs, and Fig. 3 shows a complete electropneumatic re- 
tarder. 

All forces are self-contained in the mechanism. Under ex- 
treme conditions the maximum stress in the members is not over 
30,000 lb. per sq. in. and under normal conditions about 15,000 
lb. Wood ties are 8 X 12 in., usually of creosoted oak; similar 
ties 4 X 10 in. provide a good bearing for the steel ties. 

In an all-electric retarder the mechanism case is bolted to a 


longitudinal angle and two ties near the middle of the retar«er. 
It houses a 230-volt 5-hp. motor with suitable gear reduction, 
a powerful brake that holds the motor stationary and is released 
only when power is applied to the motor, and a master circuit 
controller consisting of five sets of contacts, or one set for cach 
position of the lever in the control machine. Control circuits 
are 115-volt and operating circuits 230-volt. For simplicity and 
for economy in wire the operating circuits are local, and the 
master circuit controller in the mechanism controls heavy-duty 
forward and reverse contactors in a separate housing at the main 
power line, usually within 50 or 60 ft. of the retarder. In con- 
nection with the heavy-duty contactors there is a time element 
device that opens the operating circuits in case of excessive 
current if the motor stalls, thus preventing injury to the motor. 
A fused knife switch is provided to cut off power during inspec- 
tion or maintenance. The plan of an all-electric retarder js 
shown in Fig. 4. 

The mechanism is attached to the longitudinal operating bar 
by means of a toggle arrangement, as shown in Fig. 5, which pro- 
duces a fast movement when the retarder begins to close and a 
slower movement with enormous pressure near the closed _posi- 
tion. The fast movement near the open position affords a 
quick release. The diagram also shows the spring mechanism 
and connections which afford equalization of shoe pressure and 
compensate for variations in the width of the wheels and of the 
track gage. This feature largely eliminates the possibility of 
lifting light cars through the application of heavy pressure. 
Should by any chance a car be lifted, the inner shoes serve as 
guard rails, and the car would drop back on the rails on clearing 
the retarder. 

In the electropneumatic type the air-operating cylinder is 
mounted parallel to the track. The air pressure is controlled by 
electrically operated valves and is transmitted by a “live-lever, 
dead-lever”’ arrangement similar to the foundation brake gear 
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of a freight car, through bell cranks and springs to the retarder 
shoe. The pressure is graduated in four steps, and release is 
accomplished pneumatically, requiring only half the amount of 
air needed for application, owing to the trunk-piston construc 
tion used. Working pressures run as high as 80 to 11 |b. pet 
sq. in. 

To take care of wheel-dimension variations very heavy springs 
are used in the final transmittal of pressure to the shoes. Ample 
margin is provided so there is no danger of their breaking whe? 
subjected to heavy-duty service. 

The general practice in handling cars is to set the propeT de- 
gree of retardation in each retarder before the car reaches 
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as this requires much less current, and also causes less wear on 
the parts. In some emergencies it is necessary to close a re- 
tarder with a car passing through it, usually where proper retarda- 
tion has not been given in preceding retarders, but this should be 
avoided if possible. 


ContTroL MACHINE 


The control machine (Fig. 6) consists of a compact steel cabi- 
net with a sloping top divided into panels, which can be raised for 
inspection of the apparatus. On each panel there is provision for 
retarder levers, switch levers, skate switches, lever lights, and the 
name plates for the levers. Each machine has levers for the 
particular requirements of track layout and retarders. The 
lever lights, when illuminated, show the operator that the 
retarder has operated to the corresponding position of the re- 
tarder lever. The retarder lever in the all-electric machines has 
six positions; power off, retarder open, and four degrees of re- 
tardation, all of these positions being numbered. The electro- 
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current available and the specifications of a particular railroad, 
but a typical installation is as follows: Two 25-kw., one 3-kw., 
and one 1-kw. a.c.-d.c. motor-generator sets, one 240-volt 160- 
amp. storage battery, and switchboards with control apparatus, 
switches, meters, etc. Power for operation of the retarder sys- 
tem is furnished by the 25-kw. motor-generators, which are 
usually operated on 440 or 550 volts a.c. and which deliver 230 
volts d.c. Two are installed, one being in regular use while the 
other serves as an emergency unit. The 1-kw. set is used for 
trickle-charging the storage battery, and the 3-kw. set to charge 
at a higher rate when necessary, it being possible to charge 
by both sets connected in multiple. In case of failure of the 
commercial current the load is automatically switched to the 
storage battery, which latter will operate the plant for some 
time. 

The power plant for the electropneumatic type is more simple, 
consisting of compressors, usually motor-driven, and 6-volt 
battery circuits for the control. The air capacity is not deter- 
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pneumatic machines have as high as five degrees of retardation, 
those in Boston having four. The machine and operator are 


‘shown in Fig. 7. 


Small lights, usually placed just above the switch lever, indicate 
the normal and reverse positions of the track switches. Where 
track circuits are used, there is a light for each one which indi- 
cates whether a car is on the circuit. With track circuits it is 
impossible to throw a switch under a car. Ordinarily the re- 
tarders are operated to the proper position before a car reaches 
them, strong retardation for a heavy car and little or none for an 
empty, as this requires much less current than when a retarder 
is closed with the wheels of a car therein. In the lower part of 
the cabinet is a terminal board with panels on which are mounted 
the main switches, bus bars, fuses, and terminals. 

There is usually one lever machine in each control tower, but 
where two operators work during peak hours, two lever ma- 
chines of half the size are provided. In most yards two or 
three control towers are adequate. The determining factor is the 
num| er of retarders, switches, and skates that one operator can 
efficiently handle. The towers should afford a clear view in all 
directions of that part of the yard controlled from each, so that 
the of erator may observe the speed of the cars and their relative 
Positions, One tower is some distance below the hump and one 
or more towers are beyond, on one or on both sides of the yard. 


Power EQUIPMENT 


The power equipment varies according to the commercial 


mined by the number of retarders, but by the number of switch 
and retarder movements. The power equipment is housed in 
a small building near the center of the load or in a lower story 
of one of the towers. Motor-generators, compressors, and 
switchboards are placed in one room and the storage battery 
in a separate room so as to avoid injurious effects from the sul- 
phuric-acid fumes. 

The power required varies with the number of cars handled 
and other conditions. Figures obtained from one of the first 
retarder installations show approximately 0.04 kw-hr. per car. 
Assuming that 1000 cars are handled per day and that current 
costs $0.03 per kw-hr., the monthly cost of power would be ap- 
proximately $37.20. 


SwitcH-OPeRATING MECHANISMS 


The switch machines which operate the track switches are 
similar to the switch machines used in electric interlocking, the 
difference being that some of the protective features not required 
for low-speed yard operation have been eliminated. Each switch 
is operated from normal to reverse position or vice versa from a 
two-position lever in the control machine. The operating time 
is about one second, which is well under any requirements. 
The position of the switch is indicated by two lights on the con- 
trol machine, one light indicating normal position and the other 
the reverse position. The switch machine follows instantly 
the position of its control lever. The switch machines are either 
electropneumatic or all-electric. 
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The latter operate on 115 volts, one side of the circuit being 
connected to the 230-volt power line and the other to the neutral 
wire. A two-indication color-light signal is usually installed at 
each switch, as shown in Fig. 8, which not only indicates the posi- 
tion of the switch, but serves as a location marker, which is of 
considerable assistance to the operator at night in spacing cars 
from the hump. It is the practice of some railroads to install 
detector track circuits at each switch to prevent the throwing of 
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a switch under a train, essentially the same as in interlocking 
practice. However, this has a tendency to slow up operation. 
With well-drilled operators it is not felt that this protection is 
warranted. 


SKATE AND SKATE MACHINE 


The skate (Fig. 9), although solely a safety feature, is used 
on a number of retarder installations, being placed on each track 
just beyond the frog at the clearance point, The skate is used 
only in the emergency of a car leaving the last retarder at too 
high a speed, which might result from improper handling by one 
or more operators, or in the case where a loaded car was improperly 
designated as an empty on the operator's list. The skate con- 
sists of a steel casting with its upper surface curved, the base of 
the skate fitting into a supporting frame which is connected to a 
simple mechanism in such a manner that the skate is raised from 
its normal horizontal position beside the rail to a vertical position 
on the rail. The skate machine operates similarly to the switch 
machine and is controlled by means of a switch on the control 
machine. 


HumpinG TRIMMER SIGNALS 


Engine movements in the yard are controlled by two or more 
color-light signals, each of which indicates in both directions. 
One signal at or near the crest of the hump is controlled by the 
hump engine conductor, who cuts off the cars as they are pushed 
up the hump grade; the other signals repeat the indications of 
the hump signal and are located along the hump lead so that 
an indication is always visible ahead of the humping engine re- 
gardless of the length of the train. The aspects and indications 
vary among the railroads, but the following are typical: 


Signals Facing North or West 


Color Indication 
Red Stop 
Yellow Proceed at normal humping speed 
Two yellow Proceed at fast humping speed 
Green Proceed at normal yard speed 


Back up. 
Signals Facing South or East 


Yellow over red 


Color Indication 


Red Engines in classification yard remain in 
clear; humping is proceeding 

Humping has ceased; engines in classifi- 
cation yard may come out on lead. 


Green 


The first set of indications governs humping operations and 
the second set trimming or similar operations. In yard parlance 
the term “trimming”’ refers to the pushing into the clear of cars 
that may foul other tracks, also to pushing cars to the far end of 
the classification tracks so as to make room for additional cars. 
In some yards the necessary trimming is done by the humping 
engine after it has humped a train, and in other yards by another 
engine known as the trimmer engine, which stands by during 
humping operations. 

The control of the humping signal and repeater signals is such 
that the operator in the first tower can at all times cause the 
display of a stop indication in cases of emergency, and in such 
cases the hump conductor must put his control lever to the stop 
position before he can give proceed indications. For the in- 
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formation of the operator the indications of the hump signal are 
repeated in the first tower. 


Wire anp Wirino Circuits 


The control and operating wires in some cases are placed in wood 
or concrete trunking supported on wood or concrete stakes, ant 
in other cases they are in the form of cable buried in the ground 
The advantage of the trunking arrangement is that the full 
length of all wires is easily available for inspection in case of trou 
ble. The chief advantage of the cable is that it is out of sigh 
below ground and is not subject to damage by derailments, work: 
men, ete. There is some question as to which arrangement is the 
more economical, but both are extensively used. 

The wires and cables are usually in accordance with the spe” 
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fications of the American Railway Association, Signal Section, 
as car-retarder plants are usually installed by or under the direc- 
tion of the signal department, as well as being maintained by 
that department. 


AUXILIARY APPARATUS 


Some of the auxiliary features in a retarder yard, and which 
are also used in car-rider yards, are as follows: 

| Teletype system, by means of which typewritten lists of 
cars and their weights are transmitted simultaneously from the 
yard office to the hump, all towers, and other points where re- 
quired. Pneumatic tubes are sometimes used for distributing 
lists. 

2 Loud-speaker telephone system, with transmitters and re- 
ceivers at the hump and each tower, so that the conductor at 
the hump and the tower operators can communicate with each 
other easily and quickly. 

3 Short-wave radio apparatus for communication between 
the conductor at the hump and the engineer of the humping 
engine. A trial of this system has given satisfactory results on 
one important installation (Selkirk Yard, New York Central), 
where 125-car trains are humped. 

4 Flood lighting, essentially the same as in any hump yard for 
night operation, but arranged with respect to the view of the re- 
tarder operators. 

5 Track scales, when required, the same as in any hump 
yard, 

6 Mechanical hump, which provides means for raising or lower- 
ing the hump to compensate for the different running of the 
cars in winter and in summer. With a hump high enough for 
the worst condition, as an empty car on a cold winter day, and 
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with sufficient retarders, a mechanical hump is unnecessary, 

= one has not been included in a retarder installation since 
926. 

_ 7 Tfot-oil plants to apply hot oil under pressure to car journals 

in cold weather to cause the cars, especially the light loads and 

the empties, to roll freely and so not to delay operations. 
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How SysTEM OPERATES 


Retarder, switch machines, and skates are controlled from two 
or three towers (sometimes four or five towers in very large yards) 
at suitable places, and the operator in each tower controls all 
the retarder switches and skates in his section. 

When humping operations are not in progress, the jaws of 
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the retarder are open so that engines and cars can pass through 
them freely. As each cut leaves the hump each operator sets the 
several switches in position to line up the respective route, and 
then sets each retarder at one of its four degrees of retardation; 
in general, heavy retardation for a heavy loaded car and little 
or no retardation for an empty car. The proper amount of 
retardation at each retarder depends upon the weight and speed 
of a car or cut, the necessary spacing to prevent fouling of cars, 
and the destination of the following cuts. With cars of similar 
weights a close spacing can be maintained. ‘The most unfavor- 
able condition is a heavy load followed by an empty proceeding 
to adjacent classification tracks, as it is necessary to apply con- 
siderable retardation to the former to prevent acceleration and to 
allow the empty to proceed with little or no retardation so as not 
to stop it on the leads and block the yard. Such a case is 
properly handled by providing a suitable time interval at the 
hump. | 

After handling the cars through several retarders they are 
finally let out of the last retarder at a speed of about 3 miles an 
hour on a non-accelerating grade, and at which speed they may 
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bump other cars standing on the same track without damage 
to cars and lading. The retarder operators quickly become ex- 
pert in handling the cars under all conditions, and there are 
records of some remarkable performances where 150 to 200 cars 
have been humped in an hour. 


CycLe oF OPERATIONS IN RETARDER YARD 


The operations in a retarder yard vary somewhat accord- 
ing to conditions, but the following are typical: 

1 Incoming train arrives at receiving yard. 

2 Waybills are delivered to yard office. 

3 Inspection of train by yard force; bad-order cars are so 
indicated and are later switched from the train. 

4 Lists showing car numbers, information as to weights 
(L indicating load, LL for heavy load, E for empty, etc.), and 
track number or classification to which cars are destined, in the 
same sequence as the cars stand in the train, are simultaneously 
transmitted to each retarder operator, to the yard conductor at 
the hump, and to other points about the yard as required, by 
means of the teletype machine or pneumatic tubes. 


switching operations about the yard, in which the retarder oper- 
ators often serve as part of the crew. 


OPERATING AND MAINTENANCE ForcCE IN RETARDER YAnp 


The operating force in a retarder yard comprises one or two 
engines, each with engineer, fireman, conductor, and two brake- 
men; a retarder operator in each tower; and the usual yard staff 
of yardmaster, assistants, clerks, etc., as in any yard of similar 
traffic conditions. 

The maintenance force, under direction of the signal depart- 
ment on account of its being familiar with similar apparatus, 
usually is made up of a maintainer on each trick during which 
humping takes place and two helpers on the day trick. The 
helpers are usually yard section men assigned to the oiling of 
retarders for a part of their time. The number of maintainers 
depends upon the size of the plant, traffic conditions, and method 
of operation, but one maintainer always should be available dur- 
ing humping operations in case something should go wrong. 

Maintenance work includes the frequent lubrication of retard- 
ers and other mechanism; the replacement of worn retarder 
shoes, they lasting from several 
months to a year or more, de- 
pending upon their location in 
the hump, or intermediate, or 
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5 Hump engine is coupled to rear of train, and as soon as hump- 
ing signal is displayed, pushes the train up the hump. 

6 Hump conductor cuts off cars at hump in accordance with 
teletype list. 

7 Retarder operators set switches and retarder in proper posi- 
tion in accordance with teletype list, checking each cut as handled. 
In cases of emergency the operators also set the skates to stop a 
car that has left the last retarder at too high speed. 

8 Hump conductor gives special information or instructions 
to operators by means of loud-speaker telephone system. 

9 When train is humped, the humping engine and crew do any 
trimming that is necessary, and then return to receiving yard 
for another train or engage in other switching operations if there 
are no trains in receiving yard. 

10 Outbound train made up at the far end of classification 
tracks, leaving from one of the classification tracks or in some 
cases from a departure yard. 

Only part of the time of the humping engine and crew is spent 
on humping or trimming, the rest of the time being spent in 
making up trains, delivering transfers, and in miscellaneous 


quires a minimum number of 
retarders, one group of retarders 
usually serves from three to seven or more classification tracks, 
according to traffic, number of classification tracks, and other 
factors. 

A typical arrangement is as shown in Fig. 10, in which six 
leads radiate from the hump lead and each lead serves six classi- 
fication tracks. There are three groups of retarders: First, 
the hump which controls the speed of cars at the junction switch 
and as used also to space adjoining cuts; second, an intermediate 
group which checks the acceleration of cars or cuts on the com- 
paratively steep grades; and third, the final group which reduces 
the speed to about 3 miles an hour. The speed of cars through 
the throat of the yard depends upon the retarding value of the 
last group. In Fig. 11, the Mechanicville yard of the Boston & 
Maine Railroad, there is shown a total of 17 retarders, or about 
one retarder to two classification tracks, which is a very e‘ficient 
arrangement. In order to have each car or cut from the hump 
reach the clearance point in each classification track in the short- 
est possible time, within the limits of possible humping speed, it 
is obvious that the distance from the crest of the hump to the 
clearance point in the classification track should be a minimum. 
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One method of shortening this distance is the use of lap switches, 
which also tend to reduce the number of feet of retarders re- 
quired. Track scales, also any switches on the hump lead, tend 
to increase this distance and to increase the number of feet of 
retarders. 


Grapes THat ARE RECOMMENDED 


The hump and grades recommended by the American Railway 
Engineering Association or a modification of these are ordinarily 
suitable for retarder yards. For yards in the northern part of 
the United States, where there is considerable cold weather in 
winter, the hump grade should be 4 per cent, 1 to 1.5 per cent on 
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afford a simple means of compensating for the difference with a 
hump of sufficient height to handle an empty car in winter. At 
several busy retarder yards hot oil under pressure is applied 
during cold weather to the car journals just before the cars reach 
the hump, the journal-box lids being raised by the car inspectors 
in the receiving yards. This method is very satisfactory and 
prevents the slowing up of operations by a car stalling on one of 
the leads and the resulting delays which would be critical during 
peak periods. The journals are warmed somewhat while the 
train is run from the receiving yard to the hump, which is often 
some distance; but in very cold weather it is sometimes necessary 
to run the cars back and forth before humping them. 


Fia. 11 


leads, and 0.25 or 0.30 per cent from last retarder down nearly to 
the end of the classification tracks; 0.30 per cent is generally 
assumed as a non-accelerating grade for average conditions, but 
is subject to considerable variation. 

Car friction varies greatly with the type of car, the weight of 
car, and lading, the temperature, condition of the bearings, the 
wind pressure, the speed, and the grade, running from 0.25 
per cent (5 lb. per ton) for loads to 1.50 per cent (30 Ib. per ton) 
or more for empties. It is a simple matter to provide suitable 
hump and grades for a yard handling all loads or all empties, 
but as most yards handle both empties and loads, it is necessary 
to provide for them or delays in operation would result. 

A most unfavorable condition is handling an empty car on a cold 
Winter day. The other extreme is a heavy load on a warm sum- 
mer day. With mixed traffic, empties, and loads, car retarders 


Hump CiassiFIcaTION YARD AT MECHANICVILLE, Boston & RAILroap 


Curves impose additional car friction. For main-line trains 
at usual speeds curve resistance is usually assumed to be equiva- 
lent to a grade of 0.04 per cent (0.8 lb. per ton) per degree of 
curve. Grades are sometimes compensated accordingly, es- 
pecially through the turnouts beyond the last retarder. 

The rapid progress in the adoption of the retarder is owing in 
a large measure to the handsome economies effected. The first 
installation at Gibson cut the cost per car from 83.6 cents in 
February, 1924, to 50.8 cents in February, 1925. The savings 
effected at Mechanicville are shown in the following statement: 


2 mos., 1927 2 mos., 1928 


Cars received................. 50,193 51,298 
Freight payroll, dollars......... 56,621 30,961 
Cost per car, cents............. 112.8 60.4 
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2 mos., 1927 2 mos., 1928 
Locomotive repairs, dollars, de- 


Fuel, dollars, decrease of....... hess 4355 
Hostling, dollars, decrease of... . — 887 
Total saving for two months, 

34,053 


Total saving per year, dollars... . 221,312 


Economy OF RETARDER OPERATION 


The principal economies resulting from retarder operation 
may be summarized as follows: 

1 Reduction in engine and crew hours. In most yards the 
humping engine and crew spend only part of the time on humping 
operations and the rest on making up trains, delivering transfers, 
or on miscellaneous switching operations. This makes it pos- 
sible to effect a considerable reduction m the engine hr. per day. 

2 Retarder plant available for maximum traffic 24 hours per 
day. 

3 Various flat switching operations at adjacent points or at 
several stations can be done at the retarder yard and often make 
a large reduction in engine and crew hours. 

4 Elimination of car riders, switch tenders, and other employ- 
ees and of injuries to these employees. 

5 Reduction in damage to cars and lading. On account of 
the facility of controlling cars by retarders, the humping or cou- 
pling of cars at excessive speed is eliminated. 

6 Reduction or elimination of pilferage, which is often a big 
item, especially at night, in a large yard with many car riders 
and switch tenders. 

7 Reduction in labor of cleaning yard. Much coal and similar 
commodities are shaken from cars on account of coupling at 
excessive speed. 

8 Reduction in the average time required to handle a car or 
train in the yard. This also tends to reduce the elapsed time 
between terminals, and thus results in more economical opera- 
tion on the entire division. 

9 Quicker deliveries to shippers. “In several cases this has 
been the subject of favorable comment to railway officials by 
large shippers. 

10 Elimination of accidents and delays resulting from de- 
fective brakes. In car-rider yards defective brakes often are 
not detected until after a car has passed over the hump, in which 
case the rider is helpless and the car crashes into other cars, dam- 
aging both cars and lading, and delaying operations until the 
wreckage can be removed. 


Cost or RETARDER INSTALLATION 


The cost of a retarder installation varies considerably with the 
number and gross weight of the cars handled, the height of hump 
necessary, revision of track layout and grades, and other factors. 
Also on account of the difference in conditions each yard requires 
a special study in order to determine whether a retarder installa- 
tion would be economical. Ordinarily the possible reduction in 
engine and crew hours is the chief determining factor. 

In planning new hump yards for either rider or retarder oper- 
ation the track layout and grades should be arranged as for re- 
tarder operation, which is more efficient and economical than 
the usual rider hump yard by the reason of the short distance 
from the hump to the clearance point in the classification track, 
which naturally shortens the time and the distance required 
for riders to return tothe hump. A yard so constructed and oper- 
ated at first with riders could easily be equipped for retarders and 
with minimum expense. 


CoNCLUSION 
The car retarder is one of those modern time- and labor- 


saving devices that have enabled the railways to reduce operat- 
ing expenses in spite of rising costs of labor and materials. 
Although the retarder is a recent development, the first com- 
mercial installation in the United States was put in service jn 
February, 1926, and nearly all of the apparatus of this first 
installation is still in service. The design of this first apparatus 
has been substantially improved, based upon careful observations 
under service conditions, and the improved design, which has 
been in service nearly a year, amply meets all requirements, 
showing that the retarder has successfully passed through the 
development stage and is now generally considered as an ap- 
proved device for the efficient and economical operation of hump 
yards. 


Discussion 


Epwarp E. ReGan.? The paper covers the operation of car- 
retarder hump yards very thoroughly. We have one on th 
New Haven road at Hartford, installed in connection with th 
construction of the new hump yard there. 

Our experience as to the economies resulting from car-retarder 
installation is that in some instances they were large, but one 
factor that should be given considerable thought is the size of the 
yard and the number of cars to be handled. Another is whether 
all the economies that could be effected in the existing plant had 
been made before considering retarder installation. 

The author lists the number of employees necessary to the 
operation and maintenance of the plant. Of course, each yard 
is different, but at Hartford we do not add full crews when a 
second engine is put on to assist in humping, but require the 
conductor to cover both engines with only one additional brake- 
man. When humping is finished we use the retarder operators, 
who are qualified conductors, on the second engine. With re- 
spect to the number of maintainers, we find that one maintainer 
and his helper are sufficient to keep the plant in good order. 

As to the cost per car, on the basis of cars received our costs at 
Cedar Hill with rider operation and including all men in the yard 
as based on two typical days in September, 1928, were about the 
same as those shown for Mechanicville with retarder operation, 
i.e., 60 cents per car. At Hartford, taking humping operations 
only, our costs were only 23 cents per car as compared with their 
60 cents. 

Some of the economies resulting from car-retarder installations 
have been stressed by the author. The writer agrees with him in 
this respect, but does not think there were very large economies 
in some of the items listed, those excepted being reduction in 
damage to cars and lading (a recent check by us bears this out 
reduction or elimination of pilferage, and reduction in the labor 
of cleaning the yard. These last two especially are under the 
control of the supervisory officers and should be well in hand 
any yard, and therefore should not show any great economy. 

The writer does not wish to give the impression that the New 
Haven is not in favor of retarder yards, but has desired to call 
attention to some of that company’s experience in figuring econe- 
mies which did not show up very large in the items qu: stioned 
and would not show such large economies as those listed by the 
Boston & Maine, possibly owing to the fact that our present man- 
ridden humps are operating very efficiently. 


Cuar.es E. Barpa*. Since the earning capacity of our trans 
portation systems is, in a measure, equal to the amount of ‘onnag® 
that can be moved efficiently, yard and terminal facilities 


2 General Superintendent, New York, New Haven «& Hartford 
Railroad, New Haven, Conn. + 

3 Mechanical Engineer, Boston & Maine’ Railroad, North Bi- 
lerica, Mass. Mem. A.S.M.E. 
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doubtedly control the amount of cars that can be economically 
classified for road service. The paper very ably describes the 
methods by which the efficiency of yard operation can be in- 
creased, and when we consider that a period of nearly forty years 
elapsed before any radical change occurred in speeding up yard 
operations, the following historic facts may be of interest: 

Probably the first published statements about gravity yards 
were made by Professor Kopcke, of the Dresden Polytechnic 
School, in 1871, when he described the yard at Dresden, which has 
It had its beginning from a natural grade 
in the main line of 1 in 55, and it is estimated that it was possible 
to classify at that time (1871) 720 cars in 24 hours. There have 
also been gravity yards at Leipzig since 1858 and at Zwickau 
since 1861. 

In England, during the year 1873, Mr. Footner claims to have 
designed the first yard where cars were to be classified by gravity 
without the use of locomotives or horse power. At this time the 
London & Northwestern R.R. found that their business at 
Edgehill, near Liverpool, had quadrupled, but the yard facilities 
had only been doubled. The company owned land on the north 
side of the railroad which was available for extensions, but to re- 
duce it to the grade of the main line would have made necessary a 
large amount of excavation, and it was this fact that led Mr. 
Footner to design the yards for gravity shifting. It was thought 
necessary to have some means of stopping cars which might 
get beyond control of the shunters. Mr. Footner designed what 
was known as the “chain drag.’’ This consisted of a heavy iron 
chain placed in a wrought-iron tank between and below the level 
of the rails; a steel hook attached to the cable was fixed in a 
loose socket at the height of the car axles and was controlled by 
a lever. 


been in use since 1846. 


The hook was lowered if the car was intended to pass, 
but raised if it were desired to stop the car, so that the hook 
caught the car axles and the heavy chain was dragged over the 
ballast, thus quickly stopping the cars. It is stated that during 
the 12 years previous to 1889 it was used 135 times, and that it 
always stopped the car with no damage to it or to the apparatus 
itself, 

In France gravity yards were first used in 1863 at Terre Noire, 
near St. Etienne. 

The summit or hump yard was used in Germany at Speldorf 
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in 1876 and a little later at Gray, near Essen. In France it was 
used on the P.L.&M.R.R. in 1888. In the United States it 
has several claimants for priority. The Honey Pot Yard on the 
Sunbury Division was built about 1888, and it is also claimed that 
the Coxton, Pa., Yard on the L.V.R.R. antedates the Honey 
Pot Yard by several years. 

The first artificial hump constructed on the Pennsylvania 
Railroad, and probably in the United States, was constructed 
about two miles south of Greensburg, Pa., in the years 1882 and 
1883. 


R. J. HammMonp.‘ The retarder that the author described is 
an old-type machine. 

Mr. Regan spoke of the number of men required. At Boston 
we have practically the same organization as he outlined for 
Hartford, that is, one conductor at the hump, regardless of the 
number of engines. At Mechanicville, on account of the differ- 
ence in character of the work, we use a conductor with each engine, 
the engines being used not only at the hump, but to switch in the 
ice-house and transfer yards, as well as to make delivery of trains 
to other railroads. 

In making a comparison of costs no true result can be reached 
unless the work done at each yard is the same. Mr. Regan 
mentioned the cost at one of his stations. The writer does not 
know how much of the total terminal work is included in his 
figure. The cost that the author gave was for the period shortly 
after the retarders were put into service. The last two months 
our cost has been about 47.2 cents per car received. That is our 
entire terminal cost, and includes the switching of the transfer, 
repair tracks, ice house, making up of locals, engine-house work, 
as well as the hump cost, and in addition includes the cost of 
industrial-plant switching for private concerns. 

The operation at Cedar Hill which Mr. Regan described is 
different from what it originally was at Mechanicville, as at Cedar 
Hill all the switches are power-operated, while at Mechanicville 
they were formerly thrown by hand; the actual labor cost at 
Cedar Hill, of course, being lower, as one man would do the work 
from a tower which would require many men vo do by hand. 


4 Assistant to President, Boston & Maine Railroad, Boston, 
Mass. 
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Locomotive Sparks 


By L. W. WALLACE,! WASHINGTON, D. C. 


The annual loss due to fires alleged to have been started by loco- 
motive sparks is stated in the paper to be approximately 12 million 
dollars. Numerous locomotive and laboratory tests have been made 
for the purpose of determining the behavior of such sparks, and the 
author presents some of the findings relating to the subject. It is his 
belief that under the most favorable circumstances it is very unlikely 
that a spark of sufficient size and temperature ever reaches the ground 
in a condition that will ignite even the most inflammable material 
beyond 65 ft. from the center of the track. Further, there is no 
direct relationship between wind velocity and spark distribution. 
Other facts which the author sets forth clearly disclose that it is ex- 
ceedingly difficult to ignite inflammables with sparks of the size that 
pass through the ordinary locomotive netting, even at temperatures 
far exceeding those at which they escape from the locomotive stack. 
He also discusses other factors with regard to the distribution of 
sparks, their behavior under conditions of high temperature, color as 
a basis for judging the temperature of sparks, fire-weather forecasts, 
moisture content as a reliable index to a degree of inflammability, etc. 
He is of the opinion that sufficient data have now been accumulated 
from which fixed laws relating to the behavior of locomotive sparks 
may be formulated. 


a meeting of The American Society of Mechanical Engineers 

a few years ago, a prominent forester said that before the 
attitude of the forester can be changed, tests as to the distri- 
bution of sparks of fire-bearing size, under conditions of high 
temperature, low relative humidity of atmosphere, and high 
wind velocity, must be made. Apparently this forester was not 
acquainted with all the experimental work which had been done 
on the subject up to that time. 

Numerous locomotive road and laboratory tests have been 
made for the purpose of determining the behavior of locomotive 
sparks. There are now available experimental data bearing 
upon all the points referred to by the forester quoted. 

lt will be the author’s purpose to disclose in this paper some 
of the findings relating to the subject. 

Before proceeding it is well to indicate whether or not the 
subject is of sufficient importance to warrant discussion and 
investigation. Federal and State forest officials, in cooperation, 
have compiled over a period of nine years a record of forest fires 
by causes. They have formulated eight classifications. The 
eight classes and the percentage of fires caused by each for a 
nine-year average are: 
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Per cent Per cent 
Lumbering......... 5.9 Burning brush...... 15.1 
Lightning.......... 7.3 15.9 
Miscellaneous....... 7.3 Camp fires and 

smokers......... 17.5 
Railways........... 12.8 Incendiary......... 18.2 


The actual fire damage to forests in 1924 was placed at $38,- 
000,000. If the 12.8 per cent of fires charged to railways caused 
the same percentage of damage, they were accountable for 
$4,860,000. In official and lay minds this is probably the amount 
charged to railways. It is an unfair charge, however, because 
under the railway classification are included all fires starting on 


A _— Secretary, American Engineering Council. Mem. 
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the right of way, regardless of the source. Such fires may origi- 
nate from locomotive stacks and ash pans, or from a cigar or 
cigarette thrown from a train by a passenger or employee, or 
dropped by a trespasser. There are numerous ways by which a 
fire may start on the right of way, and for which the railway is 
not responsible and which it cannot prevent. Therefore under 
the present system of classification railways are being officially 
charged with causing more fires than they themselves are guilty 
of. This situation should be corrected as it is leading to erron- 
eous impressions as to the liability of railways concerning forest 
fires. 

In addition to the estimated amount of $4,860,000 forest loss 
due to fires alleged to have been started by locomotive sparks, 
which is contended to be erroneous, the railways are subjected 
to a heavy expense due to the settlement of claims, payment of 
awards made by juries, and the cost of investigation and litigation 
resulting from fire cases. 

It has been estimated that the total annual cost of fires alleged 
to have been caused by locomotive sparks is in the order of 
$12,000,000. Therefore the spark problem is an important one, 
and the determination of the behavior of a spark is of such 
significance as to justify the expenditure of a large amount of 
effort, time, and money. 


DisTRIBUTION OF LocoMOTIVE SPARKS 


Locomotive sparks are ejected from the stacks of locomotives 
with considerable force and velocity. This force and velocity 
affect their distribution. There are other factors which also 
affect the distances sparks will travel. These are the force and 
weight of the spark, the force of gravitation, the speed of the train, 
the force of exhaust, the direction and velocity of the wind, and 
currents of air created by the movement of the train. 

Since so many factors influence the distribution of sparks, no 
one is justified in drawing any general conclusions from mere 
observation. Accurate facts as to the distribution of sparks can 
be determined only by careful experimentation. This has been 
done, resulting in the following determinations. 

1 The greatest amount of material ejected from locomotive 
stacks falls within 50 ft. of the center of the track. Something 
like 80 per cent of all the material falls within 50 ft., whereas 
98 per cent falls within 100 ft. of the center of the track. 

2 The material which falls beyond 70 ft. of the center of the 
track is very fine and of a sooty character. 

3 Sparks of definite weight and bulk fall within 65 ft. of the 
center of the track. Indeed, by far the greatest number of these 
fall within 50 ft. No spark of sufficient weight and bulk to 
carry the amount of heat necessary to ignite the most inflammable 
material has been caught as far as 50 ft. Indeed, no spark, the 
temperature of which was gaged to be as high as 1200 deg. fahr., 
has been caught beyond 25 ft. from the center of the track. 

From the numerous observations made, it is the author’s 
deliberate judgment that under the most favorable circumstances 
it is very unlikely that a spark of sufficient size and temperature 
ever reaches the ground in a condition which will ignite the most 
inflammable material beyond 65 ft. 

It is an interesting fact that the velocity of wind does not 
have a material influence upon the distribution sparks. That is 
to say, if under a wind velocity of 10 miles an hour bulky sparks 
are caught as far as 25 ft. from the track, it does not follow that 
if the wind velocity is increased to 20 miles per hour bulky sparks 
will be caught at 50 ft. There is no direct relationship between 
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wind velocity and spark distribution. As the wind velocity 
increases, however, there is a slightly wider distribution of the 
lighter and sooty material. 

This fact confounds people. They do not understand it. The 
reason is readily appreciated when it is realized that the numer- 
ous factors enumerated above control the action of a spark after 
it leaves the stack--gravity being the predominating one, per- 
haps. 


HicH TEMPERATURES 


The forester cited earlier queried as to the behavior of a spark 
under conditions of high temperature. It is taken that he 
meant atmospheric temperature. Tests have been madg with 
atmospheric temperatures ranging from freezing or below to 
the normal high temperatures prevailing in the summer. Natu- 
rally, as a spark travels through cold air it cools more rapidly 
than when traveling through hot air, and it is more likely to 
ignite a substance that is very warm than one which is cold. 
But under the most favorable atmospheric conditions a spark 
retains heat for only a very few seconds. 

So low is the temperature of a spark upon leaving the stack 
and so rapidly does it cool, that conditions have to be extraordi- 
narily favorable for it to ignite any inflammable upon reaching 
the ground, and certainly it does not reach the ground in such a 
state as to ignite inflammables beyond 50 ft. from the center of 
the track under high atmospheric temperatures. 

Few sparks reach the ground at a temperature as high as 1200 
deg. fahr., and those which have been caught at such a tem- 
perature fell within 30 ft. of the center of the track. 

Laboratory tests have disclosed that a spark must be larger 
than */,, in., and at a temperature higher than 1400 deg. fahr., 
to ignite excelsior. It required a spark */s in. in size and at a 
temperature of 1400 deg. fahr., to slightly char grass such as the 
blue grass of Kentucky and Indiana. Such grass does not show 
a tendency to burn until a '/,-in. spark at 1600 deg. fahr. is applied. 
It does not blaze until a spark */; in. or larger, at 1800 deg. 
fahr. is applied. Sparks */; in. in size do not cause the fuzzy 
material on the surface of old shingles to flash except at a tem- 
perature of 1700 deg. fahr. or above. Practically the same results 
obtain with new shingles. 

Sparks */\. in. in size produce only a slight char at 1900 deg. 
fahr. on old shingles, and at 1700 deg. fahr., they cause only a 
slight discoloration on new shingles. In fact, no spark that can 
be passed through any netting which is commonly used in 
locomotives, even when heated to 1700 deg. fahr., will ignite 
such combustible materials as shingles, sawdust, or light, friable 
woods. 

It will be realized, of course, that temperatures of 1700 to 1900 
deg. fahr. are comparable to low firebox temperatures, con- 
sequently it is not reasonable to expect that a spark ever leaves 
the locomotive stack at any such temperature. The average 
smokebox temperature under the worst conditions is in the order 
of 750 deg. fahr., or lower. 

Burning coal approximately one inch square, taken from a 
furnace temperature of 1700 to 1900 deg. fahr., and immediately 
applied to a shingle-roof section, failed to cause ignition. It was 
not until a piece of coal in the order of three or four inches 
square was applied that the roof section was ignited, and then 
it required 42 minutes for a hole to appear in the section. 

These facts clearly disclose that it is exceedingly difficult to 
ignite inflammable materials with sparks of the size that pass 
through the ordinary locomotive netting, even at temperatures 
far exceeding those at which they escape from a locomotive 
stack. 

Then, too, sparks cool very rapidly. Two time intervals have 
been applied. First, the time of visual disappearance of heat, 


meaning the time in seconds from the removal of a spark from ; 
furnace until no heat can be detected through the appearance 
of color or smoke; and second, the total time until all the heat 
in the spark is gone as determined by grasping it with the fingers, 
the time elapsed being that from the moment the spark was 
withdrawn until grasped with the fingers. 

At 1400 deg. fahr. the visual disappearance of heat from sparks 
that pass through *°/i, X °/sin. netting, is 5.4 seconds; sparks 
passing through 2!/. X 2'/:-in. square mesh netting, 7.5 seconds; 
and sparks passing through °/,-in. netting, 21.2 seconds. 

At 1900 deg. fahr., the visual disappearance of heat occurs with 
8/,-in. sparks in 10.2 seconds, with '/,-in. sparks in 14.8 seconds, 
and with */,-in. sparks in 21 seconds. At 1300 deg. fahr. the ay- 
erage time in seconds of total disappearance of heat is 53 seconds 
for sparks that pass through 3 X 3-in. square mesh netting and 
67 seconds for sparks that pass through 2'/, X 2!/:-in. square 
mesh netting; all of the foregoing under the condition of no 
wind, 

The application of wind reduces these time intervals. Under 
some circumstances with the increase of wind velocity from zero 
up to the order of four miles per hour there is a slight indication 
that the time of cooling is increased. This does not appear to be 
the case under all circumstances, for under some conditions any 
increase in the velocity of wind from zero decreases the time of 
cooling. Under all circumstances it may be said that as the 
velocity of wind increases beyond four or five miles per hour, 
there is a rapid decrease in cooling time. That is to say, as the 
wind velocity increases beyond four miles per hour a spark is 
cooled as the wind increases, and not fanned and made hotter as 
some believe and contend. 


OF SPARKS 


Oftentimes color is used as the basis for judging the tem- 
perature or ignition properties of a spark. It is therefore im- 
portant that all concerned have some definite idea of the relation- 
ship between the color and temperature of sparks. 

Many observations have been made in laboratories under both 
natural and artificial light to determine this relationship. As a 
result of these observations such zones as the following may be 
established: 

From 0 to 1000 deg. fahr. sparks are black. Occasionally 
at 1000 deg. there may be detected a faint red tint in the inner 
surface. The outer surface is black. 

From 1100 to 1200 deg. sparks are faint or dull to slightly dark 
red. 

From 1300 to 1400 deg. sparks are dark red with a frequent 
tendency to bright red at latter temperature. 

From 1500 to 1600 deg. sparks are bright red. At the latter 
temperature a slight glow on the surface of the spark occasionally 
occurs. 

From 1700 to 1900 deg. sparks are glowing red to glowing white. 
Many sparks when heated to 1800 and 1900 deg. will become 
enveloped in an intense short, white flame. 

Due to the fact that sparks */\. in. or '/, in. in size cool very 
rapidly, it is a matter of a very few seconds after exposure to the 
atmosphere until there is a marked change in color. For in- 
stance, */\-in. sparks heated to 1400 deg. fahr., and dropped on 
old shingles were black in less than three seconds; at 1700 deg., 
black in about four seconds; at 1900 deg., black in approximately 
seven seconds. When bright or glowing red they almost always 
became black on or before reaching the ground. 


ATMOSPHERIC CONDITIONS 


During the last few years much has been said about fire 
weather. Foresters are beginning to rely upon Weather 
Bureau reports as an indication of the likelihood of inception of 
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fires. The Weather Bureau now makes fire-weather forecasts 
which are highly regarded by foresters and others. The fore- 
casts include information relating to: 

Conditions actually causing fires, as storms accompanied by 
lightning; 

Conditions favorable for inception of fires however caused, 
such as unusually low humidity and high temperature; 

Conditions favorable to the spreading of small fires, such 
as hot winds and winds from moderate to high velocity. 

These forecasts are undoubtedly helpful. However, they 
are not infallible. Moreover forecasts based upon general 
information covering a wide area may not be accurate for a 
particular locality because the topography and other influences 
may produce a condition of temperature, wind, precipitation, and 
humidity in restricted localities materially different from the 
broader area. Consequently the weather readings made at 
Spokane, Washington, for example, may be entirely different from 
actual conditions prevailing at Burke, Idaho, some thirty miles 
away, although included in the forecast area covered by the 
Bureau at Spokane. It would be possible to have high tem- 
perature, dryness, and no wind at Spokane, while at Burke, due 
to the marked differences in topography and elevation, the 
conditions would be entirely unlike those at Spokane. The 


Weather Bureau is recognizing this, and in important forest. 


areas is correcting the situation by taking readings in many 
strategic places within these areas. 

The moisture content of inflammables and the relative hu- 
midity of the atmosphere are also receiving marked attention 
in fire-prevention and control work. These factors are likewise 
creeping into litigation growing out of fires alleged to have been 
caused by locomotive sparks. They are undoubtedly important 
factors if correctly understood and applied. However, there 
seems to be some confusion in relation to these factors. Some 
seem to have the idea that low relative humidity necessarily 
indicates a state of inflammability. This is not true. There 
may be a low degree of relative humidity and at the same tim> 
a high moisture content of inflammables. 

The moisture content of inflammables has much more to do 
with the likelihood of igniting such inflammables than existing 
relative humidity. Naturally moisture content is affected by 
relative humidity, but it does not change instantaneously with 
the change in humidity. Therefore relative humidity is not 
an accurate measure of the moisture content and hence of inflam- 
mability. 

The Forest Service has made the following classifications by 
moisture content of the inflammability of duff, the matted pine 
needles and debris on forest floors: 


Moisture content, per cent Degree of inammability 
to Extreme 
7'/2 to 10 High 
10 to 14 Medium 
14 to 18 Very low 
18 to 26 None 


This tabulation shows that duff must have a relatively low mois- 
ture content before it can be classified as highly inflammable. 
It also shows that by increasing the moisture content of duff 
from 10 to 26 per cent, the degree of inflammability passes from 
medium to a state of non-inflammability. 

Experiments have been made with sparks */\. in. in size to 
determine the effect of relative humidity. The tests were made 
with sparks ranging in temperature from 1400 to 1900 deg. fahr., 
with relative humidity varying from 35 to 60 per cent, and with 
wind ranging from zero to five miles per hour. Under these con- 
ditions the sparks were placed upon dry shingles. The results 
Warrant the conclusion that relative humidity can be reduced 
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from 60 to 25 per cent without any material effect upon the 
action of */\s-in. sparks, under constant cdnditions. 

The general conclusion drawn from all the work thus far 
done as to the relationship between relative humidity and mois- 
ture content is that moisture content is a more reliable index to 
the degree of inflammability then relative humidity, and hence 
should be given greater credence in litigation. 


CHARACTER OF COAL 


The investigations, some of the results of which are herein 
indicated, have been made with cinders formed from various 
types of coal. In the last analysis a locomotive spark is largely 
carbon. Since the characteristics of carbon are approximately 
the same regardless of the coal from which it is formed, it is 
reasonable to expect the same kind of performance from all sparks. 
It is to be realized that the foregoing is a general broad state- 
ment and is not strictly scientifically true, but it is sufficiently 
accurate for all practical purposes. A test made with sparks 
from various types of coal substantiates the general statement. 
Tests have been made with sparks from low-grade and high-grade 
bituminous and anthracite coals, and approximately the same 
relative results were obtained with all sparks under the same set of 
conditions. It is a fair conclusion that under like atmospheric 
conditions and spark characteristics the behavior of sparks is 
approximately the same regardless of the character of the coal 
from which the sparks are derived. 

Although tens of thousands of observations have been made 
while conducting locomotive road and laboratory tests, it is 
realized that sufficient data have not been accumulated from 
which to formulate any fixed laws relating to the behavior of 
locomotive sparks. However, these observations have so illumi- 
nated the subject as to warrant the conclusion that fundamental 
and incontrovertible laws may be laid down. Ways and means 
ought to be provided for intensifying on a large scale the scien- 
tific work that has been done and for widely disseminating the 
facts so derived. A procedure of this character would remove a 
great deal of public misinformation and prejudice, and con- 
tribute to the well-being of the railway companies. 

In this connection a former member of a State Supreme Court, 
after being advised of the results of the investigations referred to, 
said, in substance: ‘The railroads should see to it that the 
great work which has been done is continued. It is  scien- 
tifically demonstrated that the much reviled spark has generally 
had nothing to do in causing most of those fires alleged to have 
been started by locomotive sparks. If this scientific work is 
continued to its logical conclusion it would be accepted in court 
as prima facie evidence as are weather reports and therefore 
without the prerogative of the jury to pass arbitrary judgment.” 


Discussion 


H. G. Prnnicer.? The writer agrees with the author that the 
railroads of America have in the past been forced to pay out large 
sums of money in settlement and to satisfy judgments for fire 
losses alleged to have been set out by locomotive sparks. Most 
defendants were satisfied that the fires originated from some other 
source, but due to lack of convincing proof the courts permitted 
juries to guess that the locomotive sparks would carry hundreds 
of feet beyond the railroad right of way and set up fires. 

The writer’s experience has been that the public at large 
through misinformation and prejudice has been responsible for 
charging such fires to locomotive sparks, and he is in accord with 
the author’s statement that if this scientific work were once con- 
tinued to its logical conclusion it would be accepted in court as 
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prima facie evidence, as are weather reports, and therefore do 
away with the prerogative of the jury to pass arbitrary judg- 
ment. 


W. F. Every.’ The statement from forestry sources that 12.8 
per cent of all fires have their origin from the operation of rail- 
ways is not readily accepted. Many large fires have their origin 
in places remote from permanent habitation and are too fre- 
quently charged as of railway origin through lack of close investi- 
gation to determine whether the fires reached the railway right 
of way by back fire, or were driven by high winds across the 
tracks. 

However, the estimate of total annual cost by fires alleged to 
have been caused by locomotive sparks, placed at $12,000,000, is 
conservative, and doubtless low. 

The claims presented against the railroads operating in Northern 
Minnesota growing out of what is commonly known as the North- 
ern Minnesota forest fire of October 12, 1918, amounted to more 
than $50,000,000 and cost four railroads much more than the 
amount of $12,000,000 estimated as an annual cost to all rail- 
roads, notwithstanding the contention and fair showing of the 
railroads that the fire had its origin at several points far remote 
from the railway, and was destructive only because of a cyclonic 
wind on that date. 

There is left no question as to the importance of pointing out 
the comparatively low danger from locomotive sparks. The 
general charge that a locomotive is a fire-setting agency had its 
beginning with the wood-burning engine, which emitted a spark 
entirely different from the present so-called spark from a coal- 
burning locomotive. The layman does not differentiate between 
a spark that is indeed a fire-carrying agency, and the cinder 
which retains only a small amount of heat sufficient to possess the 
fire color. The average laymen, before whom a railway must 
appear in defense of a charge of fire having been set by an engine, 
have no conception of the mechanical devices which prevent the 
escape of destructive material from the smokestack and ashpan. 
This wide general belief that a coal engine is a constant fire-setting 
agency is not surprising. It is common knowledge that sparks 
are emitted. Some fires are set. These are in highly inflam- 
mable material. As pointed out by the author, the other causes 
are not considered. The unknown causes are readily charged 
to locomotive sparks from failure to recognize other probable 
causes. 

There is a great work to be done, worthy of much labor and 
expenditure of money, in the distribution of definite data already 
at hand, as furnished in the author’s book on “Fire Losses— 
Locomotive Sparks.” 

It has been the writer’s privilege to witness the intense interest 
displayed by courts, court attachés, juries, lawyers, and others in 
the testimony and demonstrations given by the author on data 
he has accumulated showing the low inflammability of sparks. 
In a great loss involving many people, and much sentiment and 
sympathy, the writer has seen these men and women spellbound— 
convinced. Furthermore, mechanical men are so clearly assisted 
by these actual experiments and data that new ways and means 
are sought to eliminate the escape of any cinder of size and heat 
sufficient to set fire. 

It is but fair to say that only in recent years has the immense 
value of the research on this subject been appreciated, and, as 
suggested, the value of this enlightenment has been confined to 
a few localities. It is not generally known in its expert relation 
to the defense of law suits where railroad origin of fire is rightly 
denied. 


3 General Claim Agent, Northern Pacific Railway Co., St. Paul, 
Minn. 


Sran D. Donnetiy.‘ The writer has found this paper jp. 
tensely interesting, particularly because he has occasionally bee 
called upon to defend a suit for a railroad company in which ji 


was claimed that a railroad locomotive had set fire to property 
Within the past year the writer’s firm has defended the Chicag 


Great Western Railroad Company in a suit for damages in whic} 
the plaintiffs claimed that the railroad company was responsibi 


for starting a fire resulting in the burning of certain building; 


The claim was that sparks thrown from the locomotive stack haj 


set the fire, and very large damages were asked. 
The case was tried in the United States District Court at § 


Paul, Minn. If locomotive sparks had set the fire, they woul 


have been required to travel through the air a distance of near! 


150 feet from the railroad right of way to the point where th: 
fire started. One of the principal defenses in the case was thy 


it was impossible for sparks to have been emitted from the smo 


stack, traveled that distance, and set the fire. Upon this point th 
author testified on behalf of the defendant. He was permitte/ 


by the court to testify fully as to the behavior of locomotiy 


sparks, his experiments with relation thereto, the results he ob- 


tained, and his conclusions. Just before the trial commence 
he conducted an experiment which consisted of operating « tra 
of the same railroad company under weather, wind, and gra/ 
conditions similar to those existing at the time and place the fir 


was alleged to have been set by the locomotive. He was permi-| 


ted to give the results of that particular experiment. With hi 
excellent help, it was possible to convince the jury that the fr 
was not and could not have been caused by sparks emitted fron 
the stack of the locomotive as claimed by the plaintiff. Ty 
jury returned a verdict in favor of the defendant railroad com 
pany. 

This jury was composed of farmers and business men, al! me 


of considerable experience and of mature years. They apparent) 


had no difficulty in agreeing with the author, notwithstandix 
the fact that the supreme-court decisions of many states, inclu: 
ing Minnesota, have permitted verdicts to stand against rai 
road companies for large damages on account of fires occurring u> 
der circumstances and conditions similar to the claims of plaints 
in this action. 

It is the opinion of the writer and his associates that the auth 
has been doing a great work, and that he is absolutely corr 
in his theories and conclusions on the subject of the behav 
of locomotive sparks. Although very occasionally a passit 
railway locomotive may have started fires through emission « 
sparks from a stack (but more likely through coals falling from ‘® 
firebox), the writer feels that heretofore railroad companivcs hs" 
been called upon to pay enormous sums of money on account 
fires with which locomotive sparks had absolutely nothing | 
do. 


T. W. Norcross.’ In general, the conclusions of the Fors 
Service as to the distances from the track at which fire-startu 
sparks will fall are in rather close harmony with the conclusi® 
of the author. It is believed that except for conditions of hes" 
grades and steep slopes, fireproofing of a railroad right of way 
a horizontal distance of about 50 ft. on each side of a track is us 
ally ample. The sparks which fall within 50 ft. horizontally fre 
the center of the track include those which start forest fires, 3 
and unless this area can be adequately fireproofed or the fit 
starting sparks eliminated, the starting of forest fires will co” 
tinue. 

Very possibly locomotive sparks may not have been responsi! 


4 Oppenheimer, Dickson, Hodgson, Brown, and Donnelly, + 
torneys-at-Law. St. Paul, Minn. 

5 Chief Engineer, U. 8S. Department of Agriculture, Forest Serv" 
Washington, D. C. 
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RAILROADS 


for forest fires in all cases where such sparks were given as the 
cause. No conclusive evidence, however, has been presented 
to support the statement quoted by the author that it has been 
“gejentifically demonstrated that the much-reviled spark has 
generally had nothing to do in causing most of those fires alleged 
have been started by locomotive sparks.” 

It has been the experience of the Forest Service that much of 
the trouble experienced from sparks has been due to equipment 
that is out of order. Frequent and regular inspection to insure 
that spark-arresting devices are in standard condition has been 
found essential. Devices which do not readily get out of order 
are likewise important from this standpoint. 

The nature of the material in which sparks fall is a matter of 
great importance. Dry shingles are not comparable to the dry, 
tinder-like grasses, dry leaves, and dry, rotten wood which are 
often found on rights of way which have not been cleaned Rot- 
ten wood is now considered the most dangerous of all materials 
found on forest land. 


The effort made by our railroads to clean 
Those who are not in contact with 


Philadelphia, Pa. 


Exmer.® 
the ballast is tremendous. 

‘Special Engineer, Pennsylvania R.R. Co., 
Mem. A.S.M.E. 
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the problem do not seem to appreciate the amount of money in- 
volved, especially where there is heavy traffic. Hundreds of 
men and thousands of dollars’ worth of equipment are required, 
and the effort is enormous. 

The amount of information which the writer has been able to ob- 
tain on the subject is but a portion of that which is in the possession 
of the maintenance man who started in that department and has 
followed it. 

Perhaps the major reason for the source of trouble is the fouling 
from locomotive sparks. This can be noticed very clearly in cuts 
as against fills. The amount of leakage from coal cars of course 
does not vary whether the car is going through a cut or on a fill, 
but the amount of wind that can take away the sparks is greater 
on a fill than in a cut. The sparks fall more nearly vertical in 
the cut than on the fill. 

In some instances, according to supervisors, the evidence indi- 
cates that on some parts of a railroad the locomotive sparks are 
the chief cause of fouling of the ballast. 

In addition to the fire hazard the thought occurs to the writer 
that if something could be done to reduce locomotive sparks, 
there would result to the railroads themselves a saving of many 
dollars in the cleaning of ballast and in the cost of keeping the 
drainage conditions as they should be. 
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When floor space becomes cramped and production throttled in 
certain departments of a growing business, the management is 
confronted with the task of enlarging capacity. 

The author discloses the procedure followed in the dye house of 
acotton-finishing plant for increasing production per man-hour and 
per machine-hour without investment for additional equipment. 

He describes the psychological background and existing handicaps, 
and outlines methods of overcoming both with results of noteworthy 
improvements. 

VERY cotton-goods finishing plant has, at rush times, ex- 
EK; perienced the annoying problem of putting a sufficient 
amount of material through one or more departments. 
In the course of changing business, no finishing plant or organiza- 
tioncan be made 
like the‘‘wonder- 


OFFICE 
ful one-hoss 

shay a fin- 

ished and homo- 


geneous whole, 
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planned. 


Consequently, 
as the rush of 
business begins, 
the strength of 
the entire chain 
is measured by 
its weakest link. 
It is realized 
that there is a 
bottle-neck 
fect, and that 
work piles up in 
front of certain processes. Even then it is doubtful if the extent 
to which production on other operations is curtailed can be fully 
comprehended. 


FRAME ROOM 


Fic. 1 Macuine Layout 


The usual old-fashioned method of overcoming such a condition 
is to enlarge the department by providing more floor space and 
placing additional equipment—frequently requiring large out- 
laysof money. Spending money, unless warranted, is attempted 
suicide. One of the foremost principles advocated by the late 
Henry L. Gantt was to refrain from enlargement until maximum 
production was obtained with equipment in use, as determined by 
4 thorough, scientific investigation. 

In this paper a practical example is given showing certain 
conditions in one of the departments of a cotton-goods bleachery, 
how the problem was approached and worked out, and the results 
obtained. 

_It had been necessary to operate the direct-color padders con- 
siderably overtime during the busy season because of lack of space 
and equipment. The engineering department had included in its 
Program a plan to study the operation of these machines for 
the purpose of determining what should be done. This work 
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TEX-50-1 
Increasing the Production of Cotton Padders 


By REYNOLDS LONGFIELD,! FAIRVIEW, N. J. 


was started at once, hoping that methods might be developed 
whereby overtime at least could be entirely eliminated. 

The foreman was of the old school-—a good color man of con- 
siderable experience who took a personal pride in the appearance 
of his department, the quality of his work, and the welfare of his 
men. He had asked for task and bonus in his department, say- 
ing that he did not believe any increase in production possible, 
but that he was anxious for his men to receive pay on a par with 
the best-paid workers in the plant. 

He was assured that the management would pay a bonus based 
on a task of what would be considered a fair day’s work regardless 
of existing production, such task to be determined by means of a 
thorough and detailed analysis of operations. If these studies 
showed that, by means of mechanical applications or by different 
divisions of la- 
bor, increased 
production 
would result, he 
would be asked 
to install them. 

To all this the 
foreman readily 
agreed, and in- 
vestigations im- 
mediately 
started. 


CONDITIONS 
As Founp 


The following 
will give a brief 
outline of condi- 
tions found in 
the department: 

1 The ma- 
terial was re- 
ceived from the 
dry cans, plaited 
into box trucks of approximately 4000 yards each. The padders 
pulled directly from these boxes and delivered in 1000-yard rolls 
for drying. 

2 The machine layout was good (Fig. 1), the padders being 
arranged in a good light on one side of the room, while the boxes 
containing work ahead were stored on the other side. Each 
machine was equipped with two 150-gallon tubs so that dye solu- 
tion could be prepared in advance in one tub while the machine 
was drawing from the other. 

3. The padders were so designed that when batching on a shell 
it was necessary, each time the machine was started, to give the 


shell a turn in order to overcome its inertia. The starting lever 


being on the entering side, the helper had to be on hand at the 
take-off side to give the roll the required twist when the operator 
was ready to start. 

4 The organization, together with the duties of the various 
individuals briefly outlined, was: 


1 Second hand...... Supervising 

1 Drug man........ Weighing out ingredients for dye bath 

2 Floor men........ Supplying cloth as planned by foreman 
{ Running machines 

8 Operators. ..... Washing machines 


_ Washing tubs 
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Getting dye solution 
| Assisting in starting rolls 
Assisting in removing rolls 
Delivering complete work for drying 
Drying patches (or swatches) at tenter 
| frames 
| Taking patch for foreman’s approval before 
proceeding with the dyeing of the lot. 


8 Helpers........ 


ANALYsIS OF DELAYS 


After a brief survey, it appeared that the machines were pro- 
ducing at nearly full capacity, but considerable idleness of man 
time was evident. The real problem, however, was to increase 
production per machine-hour before considering output per man- 
hour. Consequently, care had to be exercised that man time 
should not be filled to the extent that poor service would result 


Fie. 2 Starting Macuine From Deuivery Sipe WitHovut 
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in machine delays. Accordingly idleness was considered in two 

groups: 

Group I. Machine delays, the elimination of which would in- 

crease duction per machine-hour; and 

Group II. Idle man time, the elimination of which would in- 

crease output per man-hour. 

Under Group I, machine delays were listed as follows: 

1 Incorrect speeds of machines. No two machines were 
running at the same speed, although a definite speed 
had been established for each class of goods. 

Washing the tub. The operator did this, permitting 
the machine to stand idle while doing so. If another 
were designated to wash the tub while the machine was 
still in operation, the time thus saved would mean more 
yards by the end of the day. 

3 Waiting for the dye solution on every shade. This 
resulted because the helper always delivered the final 
roll before obtaining the color for the next shade. 

4 Patches were dried at the tenter frame. The walk 
there and back required a great deal of time, consider- 
ing that there were a hundred or more patches each day. 
A patch drier would eliminate this. 

5 Miscellaneous delays resulting from lack of interest in 
the work were frequent. It was believed that a wage 
incentive would minimize these. 

Under Group IT, in the analysis of idle man time, it was found 


to 
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that the delays were numerous, variable in length, an; 
difficult to classify. One man frequently waiting for ap. 
other indicated poor distribution of labor and lack of ¢. 
operation. 


DEVELOPING PLANS 


In view of this, it was decided to classify the duties rath» 
than the idleness of each man, and to plan a new distribution 
labor to a new type of organization. The padder being the bass 
of work, the operation should center around it. The principg 
duty of the operator should be to keep it producing, machix 
delays as classified in Group I being avoided. Then, in orde 
that the operator might work efficiently, all idle time had to & 
eliminated and a full-time job laid out for him. To do this, 
ditions had to be such as to make him as independent of the ns 
of the organization as possible. Those supplying the mach 
with materials had to do so in sufficient time to permit him : 
have all material when wanted; and all joint operations whic 
required the assistance of others had to be altered so that ¢! 
might be performed singly. 

The following duties were those wherein he was jointly or 
tirely dependent upon others: 


1 Supplying of goods to be dyed 

2 Supplying the dye solution 

3 Delivering the finished work for drying 

4 Drying the patch and having it approved 
5 Starting a roll 

6 Removing a finished roll. 


For the first three of these, the operator was entirely depends 
upon others; but with good supply men and truckers the » “| 
could be planned so that there would be no delays. 

Fourth, drying the patch and having it approved had alws 
been done by the helper, while the operator, with nothing « 
to do, sat down and waited for the foreman’s authorization t 
ceed. There was no doubt that the more responsible opers 
would do it more quickly if this were required of him. 

Fifth, the helper always assisted in starting the roll becs# 
the starting lever was on the entering side of the machine an 
was necessary for some one to be on the take-off side to give 
roll momentum. The solution was simple. It was only ne 
sary to put an additional starting lever on the take-off sides 
that the operator had but to start the next roll from the = 
position as where he had removed the last (see Fig. 2). 

Sixth, removing the roll. A thousand yards of wet 
a roll was heavy, and it seemed that assistance here woud 
necessary. The machine was so constructed that if the ro 
not removed carefully, it would hit the side and fall to +! 
The aisle did not permit room for extension arms and the pr 
was annoying. Finally, the idea was conceived of placa 
mechanical hand in the form of a support to hold one end 
center bar while the other end could be swung slowly and 
fully out over the aisle and the roll thus lowered to the 
and there left for the trucker to deliver for drying. 

Accordingly all plans were laid to operate the padder wi 
a helper. Four of his duties were to be performed by the 
ator: namely, drying patches, having patches approved, ™ 
ing a new roll, and removing the finished roll. There rem 
the supplying of dye solution and the delivering of finishee* 
for drying. It was evident that not only were helpers not n° 
but that their remaining duties should fall into two distinct 
trucking and supplying dye solution; and to these show?’ 
added that of washing the tubs. 

This in general took care of the principal operations, ° 
number of minor details had to be worked out, such as the = 
of roll tags, labeling of buckets, adding of steam pipes, and lsh 


re 


eff 
wel 
tail 
7 
hac 
Wit! 
The 
tha: 
pr 
ides 
ithe; 
Helt 
mer 
T 
Pury 
Behe 
ISS 
Wou 
orde 
hat 


eliy 
vait 
etai 
ad | 
nd 


| 
| 
t 
i 8 
Th 
ce 
| 


TEXTILES 


of the same to prevent confusion. Each of the smallest details 
was noted and given its place in the organization so that there 
would be no chance of any two conflicting. Finally, it was con- 
fidently felt that nothing had been overlooked and that the 
scheme was correct. 

After the type of organization was planned it was necessary to 
determine the number of men required for each of the several 
operations. Since this had to be done accurately, scientific 
time studies were made. However, after the careful analysis that 
had already been completed, very few time studies were neces- 
sary; a very definite idea had been reached as to the number of 
men needed, and it but remained to check all plans. 

The organization then appeared on paper as follows: 


1 Second hand 
1 Drug man 

1 Floor man 

1 Trucker 

1 Color man 

1 Cleaning man 
7 Operators. 


This arrangement would release, 
1 Floor man 
5 Helpers 
1 Operator. 


These transferred to other departments one at a time and the 
remainder paid a bonus of 20 per cent would call for the follow- 


ing results: 


Increased machine capacity, 20 per cent 
Reduction in working force, 35 per cent 
Increase in pay to men, 20 per cent. 


SELLING THE PLAN 


As to this point, all plans were based entirely on observation. 
They were strictly plans of an official observer, having been 
developed in about a month's time on the job. But, of course, it 
is one thing to plan such changes and another to put them into 
effect with as little upset to the organization as possible. It was 
well realized that the greatest caution would be required to main- 
tain the morale of the men. 

The best feeling existed at the time, however, and skepticism 
had practically disappeared. Nothing definite had been discussed 
with the foreman because there had been nothing definite to offer. 
The men realized that the intention was to increase their pay, and 
that such increase would be based upon the amount of work 
produced. The older and more serious minded welcomed the 
idea. Only those who habitually soldiered were annoyed, but 
their attitude carried no weight with their fellow-men. It was 
Helt that the proper attitude had been developed in the depart- 
ment, and that all plans were well laid. 

Then one day the foreman was invited into the office for the 
Purpose of discussing the work as laid out for the padders. The 
Bcheme was briefly outlined and he was told in as few words as 
Possible the method of proposed procedure—that the machines 
Would be equipped with two or three mechanical appliances in 
rder that the operator could work independently of others, 


#hat an extra man would wash all tubs for the machine operators 


: order to increase running time, and that the operator would 
Beliver his own patches for approval rather than sit down and 
ait for the helper to do it for him. He grasped the idea im- 
rediately and proceeded to ask questions concerning the minor 
etails, The problem had been thoroughly worked out and 
© was given the answer to every question; but it was evident he 
ad not been convinced. He had confidence in his organization 
and was reluctant to make any change. He was fearful that 


production would be curtailed rather than assisted, and that 
demoralization would result. To convince him that there would 
be no chance of disrupting the organization, he was told that the 
operation as planned would be worked out on one machine and 
later extended to the others. 


INSTALLATION 


With this method of procedure agreed upon, one machine was 
selected. The operator was a husky Italian of middle age, father 
of seven children, and a worker rather independent of the rest. 
His term of service was not as long as most of the others, making 
it probable that he would be more adaptable. He was told that 
a bonus had been worked out for the job, but that before it could 
be paid alterations would be necessary both on the machine 
and the operation itself. 

He accepted this with an open mind. It was known through- 
out the department why these investigations had been made, 
and that such work had been going on in another department 
where men had increased their pay 10 to 15 cents per hour. 
Therefore, if the opportunity were offered him, he would be 
anxious to try—‘“provided,”’ he interposed, “it would not be 
necessary to work too hard.” 

The mechanical department started immediately to equip the 
machines according to instructions and drawings which had been 
prepared in advance. The illumination was improved, a better 
type of yardage clock installed, and the extra starting lever 
placed on the take-off side of the machine without having any 
noticeable effect upon the attitude of the employees. But when 
the one-man take-off neared completion, the various operators 
became appreciably annoyed. The man upon whose machine 
the work was in progress protested. One thousand yards of 
wet cloth were heavy and all that fwo men could handle—it was 
entirely out of the question for one man to handle a roll without 
assistance. He was good-naturedly humored and advised to 
wait and see how it worked. 

Finally everything was in readiness. No change in methods 
had been requested, for it was evident that, first, the minds of the 
various men should be put at ease with reference to removing the 
rolls. The machine was supplied with dye solution and material, 
and started up as usual. At the completion of the first roll, all 
members of the department, including the foreman, curious as 
to the outcome, gathered around to see the result of the demon- 
stration. 

The designer of the apparatus, a member of the engineering 
department and a man of slight stature weighing about 140 
pounds, stepped forward and grasped the center bar. With one 
hand he swung the roll from the machine and to the truck with 
no apparent effort. It was now easier for one man than it had 
been for two prior to the changes (see Figs. 3 and 4). The 
operator, a big 180-pound Italian, grinned sheepishly and re- 
turned to his work. For a long time afterward he would permit 
no one else to remove the roll, always insisting upon performing 
the operation himself. 

The machine was now equipped to permit the elimination of 
idle man time. These contrivances were applied first, that the 
operators might have ample time to get used to them, and to some 
extent they were immediately adopted, although no requests 
had heen made, it being necessary to do away with machine 
delays first. Accordingly, the machine delays were taken up in 
the following order: 

1 All materials were classified and the correct speed for each 
class of goods determined. The starting box on each machine 
was then marked to show where the switch should be located for 
the proper speed, and the foreman was required to designate the 
class of all goods delivered. 

2 The tub was washed by an extra man whose duty it was to 
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come immediately on signal from the operator when the last 
of the dye solution had been drawn. 

3 Dye solution was prepared in advance and the helper’s 
principal job was to see that it was in the tub before the operator 
was ready for it. 

4 A patch drier was built. This was an elaborate affair with 
controls on heat, draft, and circulation permitting an exact dupli- 
cation of conditions on the tenter frames. The foreman not 
only approved but became quite enthusiastic over its operation. 
The walk to and from the tenter frames was not only eliminated 
but the actual time of drying the patch was cut in half. 

5 Miscellaneous delays were then approached through per- 
sonal attention. The foreman was asked to require the drug 
man and floor men to give this machine the best of service. Each 
delay was noted and approached from its own particular angle, 
until there remained only the wage incentive to do the rest. 

After devoting a few days to perfecting the service and re- 
ducing all machine delays to a minimum, it could be seen that 
the idle man time also was affected. The operator in the ab- 
sence of his helper had learned not to wait. He had found it 
just as easy to start the roll, run a thousand yards, and remove it 
without assistance, sometimes even with the helper standing 
by and watching. However, when the patch was taken to be 
dried and then carried to the office for approval, the operator 
always found a nice, soft place to sit down and wait. The fore- 
man had been asked to change this policy and require the oper- 
ator to make this trip to the office for the purpose of getting 
closer contact and receiving all instructions at first hand. But 
the foreman considered it inadvisable in view of the fact that it 
had always been the method in the plant, and that he had never 
seen it done otherwise. Nevertheless there was no other solu- 
tion, and in order to maintain equanimity it was necessary to 


Fic. Dorrinc a Rott UnperR OriainaL Conpitions, Two MEN 
REQUIRED 


approach the problem from another angle—that of dollars and 
cents. 


Tue WaGE INCENTIVE 


The wage-incentive plan in effect in the plant was the regular 
Gantt task-and-bonus, allotting a definite time for a job. If 
accomplished in the time allowed, or less, the man’s hourly rate 
was increased and he was paid for the full time allowed. 

On the padders, this worked out simply. The task allowed was 
0.2 hour per 1000 yards, and 0.2 hour for each patch. The man’s 


hourly rate was 50 cents. A bonus of 20 per cent then amounted 
to 10 cents, giving a total wage of 60 cents per hour for accom. 
plishing task. 

With these figures it was simple to explain to the operator that 
he was to be paid 12 cents for each 1000-yard roll produced and 
12 cents for each patch submitted, provided that he maintained 
an average of five rolls and patches per hour while on bonus. 

It is always easier to explain it in some such easy way at the 
start, but invariably the average employee learns the regular 
method of calculating bonus in a short time. 


Fig. 4 Dorrinc a Rott Unver Repesignep Conpitions, 
One Man Requirep 


It might be well to say here that any delays which are not th 
fault of the operator, such as those resulting from machine r- 
pairs or waiting for material, are deducted. This enables a mat 
to make bonus for half a day or less, provided he maintains th 
required speed while working. 

All delays are called to the foreman’s attention at the time th 
occur, and he is also given a daily report of the lost time balanced 
against the operating time. It is up to the foreman to eliminat 
these waits as far as possible, and if at any time he finds that idle 
ness in his department is totaling ten hours a day or more, be 
realizes that he has in operation at least one more machine that 
necessary. Consequently, the foreman finds himself betwee! 
two fires. The operative, realizing that delays may cause him ‘ 
lose bonus if no deduction is made, seeks credit for each wait. 0 
the other hand, the foreman, subject to criticism from the manage 
ment for excessive idleness, must maintain conditions to elim 
nate these waits. 

In a department not working on such a plan, it is impossible! 
get a correct record of either machine- or man-hour delays 


STARTING THE TASK 


On the day that the task was to be started, the operator on tht 
experimental machine was approached before starting in th 
morning. He knew the general task-and-bonus plan, havit 
talked with men from other departments who had been increasi” 
their daily wage. He did not know how hard this particular 
task was, but he was anxious to receive more money and ¥# 
willing to try. When told that he would be expected to dry his 
own patches and take them to the office for approval, he ask? 
what the helper would be doing. It was explained that * 
present there was nothing, but since the operator was to rece!’ 
the bonus, he should dry the patches. The result was not su 
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prising, for the handwriting on the wall was plain—in fact, rumors 
had been current for some time that some helpers would not be 
needed—the man parried and sidestepped. He argued that the 
operator had never dried the patch before; why, now, should he 
start it? It would add considerable work, and besides others 
would criticize. He was told that the management paid bonus 
on work done and it would be out of the question for him to ex- 
pect bonus on idle time, but all to no avail. He seemed im- 
movable, apparently affected by what others would think. The 
man was of the type that did not care for the opinions of others 
as a rule; but this seemed like asking too much and it was de- 
cided to lay off for a time. However, it was still believed that 
an entering wedge could be driven through the pocketbook, for 
he had a large family and needed all extra money possible to get. 
In order not to embarrass him and yet give him the chance to 
see that the task was fair and the bonus liberal, it was agreed 
that temporarily he need not dry the patch, but the time he 
waited for the helper to do it for him would be considered as idle 
time. Should he decide to carry the patch, he was assured that 
he would receive credit for it each time that he did. 

The scheme worked as planned. At the start, he earned be- 
tween 80 cents and a dollar a day extra. Soon he began ex- 
perimenting, first to see how much he could earn, and then to 
see how easy he could work and still receive bonus. He dried a 
few patches and then a few more. Finally it dawned upon him 
that he was letting 20 or 25 cents a day slip through his fingers. 
Before two weeks had passed he was doing the task as laid out, and 
apparently without criticism from others. By this time several 
had asked for bonus, and one had gone so far as to dry all his 
patches to show willingness to do as requested. 

The morale in the department. was not at its best, but it was 
vastly improved and was considered satisfactory. Task and 
bonus had been applied on one machine for three weeks and had 
worked out to the satisfaction of one man. Others wanted it, 
so it was decided to go ahead with the work, and the mechanical 
department was given orders to equip all machines. As fast as 
they were put into shape the operators were offered bonus, and 
by the end of the week all machines were performing the task. 

The work of improvement had gone surprisingly fast in view 
of the fact that more obstacles had been encountered than were 
expected. It had been planned to have the operation running 
smoothly by the time the peak load was reached, that production 
might not be limited; and this had practically been accomplished. 
Now, with the busy season at hand, all operators were working 
under the new conditions and the padders were not only produc- 
ing the same number of yards as in the previous year with one less 
machine and without overtime, but upon an examination of re- 
ports for over a year previous it was found that a record week of 
production had been completed. 


ELIMINATING Excess MEN 


Although the bulk of the work had been finished, there was con- 
siderable yet to be done. Results so far had been obtained by 
keeping the machines in operation with little attention to idle 
man time. True, the operators had been given full-time jobs, 
but this had been accomplished by appropriating duties of the 
helpers, thus exaggerating their condition and leaving them but 
little to do. The two floor men also were finding it difficult to 
look busy, their principal work being to keep lots straight. 

Accordingly one floor man and five helpers were transferred to 
other parts of the mill, retaining the senior floor man and three 
most likely helpers with duties apportioned as follows: 

Floor man, to supply goods in proper order 

Color man, to supply the dye solution 

lrucker, to supply shells and deliver rolls for drying 
Cleaning man, to wash tubs and assist others where possible. 
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For performing these duties satisfactorily, they were each to 
receive 15 per cent of the total bonus paid to the operators. If 
an operator lost bonus, the bonus paid to the service men auto- 
matically became proportionately smaller. This plan was used 
to develop a spirit of cooperation. Becoming vitally interested 
in the production of the machines, they not only did everything 
to help the operators, but helped each other as well. 


BREAKING IN A NEW MACHINE 


Finally the new type of organization with the new distribution 
of labor was in operation as planned—not yet a perfect running 
machine but a well-designed one. All machines had to be broken 
into use gradually no matter how well put together, and this one 
did not prove the exception; it still needed the rough edges worn 
off. And in addition to being worn in, it had to be equipped 
with meters and gages in order to check the performance at all 
times and record bad conditions. 

Although the organization was doing good work, each and 
every man, including the foreman, was on a job entirely different 
from the one at which he had served for years. Machine de- 
lays were entirely too frequent. The color man was frequently 
late in delivering the dye solution, and the floor man had difficult y 
at times in getting the next lot. They had not learned the best 
way of handling their work. Time would have improved this, 
but best results would never have been obtained without proper 
records and control. 

To furnish these, a daily report was drawn up for the foreman, 
giving the record of each man as to work done, bonus earned, of 
idle time and why. When these reports first began to appear the 
foreman could not believe that such idleness was actually oc- 
curring, and made it a point to check each and every one. 
Finally becoming convinced that his department was tctaling 
more than ten hours a@day of machine idleness, he realized that 
he was operating with more machines than were necessary. 
On short notice he cut off one machine and made a drive on the 
service men to eliminate all delays. 


RESULTS 


Here the department is left with the feeling that it is in first- 
class condition, although not a finished product, for a year’s 
operation at least will be required before conditions and oper- 
ations are running as smoothly as desired. And always the 
engineer will receive the same daily report which the foreman 
receives, that he may know if conditions are improving or retro- 
grading. 

Here, a brief survey of records is opportune in order to deter- 
mine, by comparing data obtained prior to the change with that 
of the new organization, if results have come up to expectations. 


Prior 20,100 yards 
Average daily production per machine: { Present 27,500 yards 
Increase 36 per cent 


Prior $4.55 
Average daily wage per man: { Present $5.70 
Increase 25 per cent 
Prior $0.072 
Average unit labor cost: Present. $0 .052 
Decrease 27'/. per cent 


Annual reduction in labor cost per 100,000,000 yards—$20,000. 


Also, it would be interesting to note conditions pertinent to the 
quality of performance. Maintenance of quality is strictly a 
function of the foreman, and the following conditions afford him 
greater opportunities to this end: 

1 The best men were retained when the excess help was 
transferred 
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Competitive concerns must raise their bids considerably 
in order to entice the skilled help 

3 A higher grade of employee is being obtained because of 
the higher wage 

4 Operators watch their work more closely in order to avoid 
difficulties 

5 There is less distraction in the absence of men with 

nothing to do. 


The data presented here to show results in connection with 
quantity and quality production, together with increased ca- 
pacity and lowered costs, are very conservative. As time goes 
by and wrinkles are further smoothed out, the figures will appear 
even more favorable. 

CoNncLusIoN 


The problem has not been that of a dye house alone, but is 
typical of what occurs in many departments in every finishing 
plant. However, an organization of this type, where the duties 
of its various members are functional and its success depends 
strictly upon cooperation, seemed particularly applicable in this 
case. It is not recommended for all dyeing departments, for 
conditions vary widely throughout the textile industry, but an 
average set of conditions found in an average department has 
been cited. 

But when conditions are cramped, and flow of work is throttled, 
and costs are high, or capacity is limited, unless the department 
has been thoroughly analyzed by one who has the time and experi- 
ence, there is every reason to believe the company is throwing 
away money. If the stage has been reached where the purchase 
of new equipment or more floor space seems necessary, it is 
strongly recommended that a scientific investigation be made be- 
fore laying out the money. 


Discussion 


T. R. Reap.? We recognize the truth of what we have just 
heard, having put a bonus system in three of our branches 
on padders, and I would like to say that there is hardly an oper- 
ation in a finishing plant that does not offer an almost equally 
interesting story. 

We have of course found differences of opinion as to the best 
method of handling cloth through the padders and also as to the 
best means of taking patches, and while we have arrived at 
definite opinion as to the most efficient way of handling these, 
nevertheless we sometimes have to concede some of the smaller 
points for the sake of not interfering with the boss dyer’s own ideal 
of best quality. 

I can see that our story is very similar to the author’s. I think 
the only difference is one of cost (a very slight difference) and a 
different wage-incentive system. We are using a modified Gantt 
bonus system. 


AUTHOR’s CLOSURE 


Gerald Chapin of the Pacific Mills, Lawrence, Mass., asked the 
size of the runs on which was obtained the figure showing an aver- 
age of 27,500 yd. a day for each machine. The actual average 
is a little higher than 2000 yd. per shade, probably running nearer 
to 2200 yd. A very important part of the same question is, 
how many strike-offs does the operator take before hitting a 
match to the shade? Figures show about 50 per cent more strike- 
offs than shades. In other words, this means that every second 
shade the foreman hits a match at the first attempt. Of course 
what brings up the average is the running of samples, etc., 

3 Director of Production Engraving Work, United States Finish- 
ing Company, Providence, R. I. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


which require more strike-offs than the regular runs. Here jg 
some data which may give more clearly the possible production 
under actual conditions. I do not know that these figures ar 
of a record day, but they are of a very good day and will shoy 
what these particular machines are doing and what may be ey- 
pected from machines working under bonus conditions. The 
average per machine for the day was 35,500 yd., with 13 shades 
and 20 strike-offs per machine, netting the operators an average 
bonus of $1.46. This shows an average of 2700 yd. per shad 
with approximately 54 per cent more strike-offs than shades. 

J. D. Robertson, Mount Hope Finishing Co., North Dighton 
Mass., asked what percentage of time the machines were actually 
running, that is, the percentage of running time that the cloth 
was actually passing through the machine. Mr. Robertson had 
been trying some service recorders like those in use on auto- 
mobile trucks and found on the padders that he was getting ar 
average of 60 per cent running time. Answering Mr. Robertson 
without any specific data I should say about 60 per cent is correct 
or a little more than the time spent in taking strike-offs. This 
can be figured quite accurately for any particular time knowing 
the number of patches taken and the number of yards delivered 
The time permitted by the task for taking a strike-off is equal t 
the time for running 1000 yd. Upon the day just mentioned 
seven hours were allowed for running 35,000 yd. and four hour 
for taking 20 patches. This shows a running time of seven- 
elevenths of a day’s work, equivalent to a little more than 3 per 
cent. 

In reference to the patch drier, this was developed careful 
and thoroughly, for the foreman was very particular abut th: 
treatment his patches received. He would not consider the ord- 
nary steam-heated cylinder because of the possibility of the mets 
affecting the shade. Even if the patch was placed bet ween tw 
pieces of cloth to prevent it from coming into contact with t 
metal, the heat seemed excessive and fear was expressed that t 
correct shade would not be obtained. So the patch drier was 
built to duplicate conditions on the frames. This was a we.- 
insulated box containing eight drawers, one for each padder 
Under the drawers was a steam coil fed by live steam whic! 
be throttled to obtain proper heating and exhausting into s 
steam trap. A Western Electric fan with three speeds ena! 
the control of air circulated through the steam coils and dow 
over the patches which were placed into the drawers with wir 
net bottoms. A small damper at the bottom of the box to al 
fresh air to enter and another at the top to permit stale air‘ 
escape enabled the foreman to regulate the moisture contes' | 
until he was satisfied that conditions were maintained as 
stant and satisfactory. Better results were thus obtained ths 
previously when drying patches at the frames. Former|y wh 
the operator took the patch for drying he did not carry it 1" 
the hot house, but held it close to the opening at the entering em 
to be dried by the air thus escaping. This air was not 0% 
moisture-laden, but had lost considerable heat. 

Answering the question of our chairman, Henry M. Burke, © 
did not use pumps to return the dye solution to the tubs. Pump | 
used for this purpose make a good labor-saving device, but uncé 
this particular condition would not have resulted in time savil 
There was never more than a bucket and a half or two buckets 
dye solution in the machine for taking a strike-off. If the pat 
was not accepted, it was necessary to wait for the color mat‘ 
supply the additional dyestuff, requiring approximately a min 
and a half. During this interim the operator had ample \™ 
to drain the machine and return the solution to the tub. is 
also had time to sew a new leader to the patch, preparatory 
the next strike-off. Pumps would not affect the efficiency © 
the operation. 
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TEX-50-2 


The Value of Water in Textile Mills for 
Purposes Other Than Water Power 


By CHARLES T. MAIN,! BOSTON, MASS. 


The value of water for industrial purposes—process water, water 
for condensers, etc.—is an item which must be included in the valu- 
ation of many industrial properties. The object of the paper is not 
so much to establish definite values as to discuss methods which will 
assist in arriving at definite figures for any particular case. In his 
analysis the author discusses four cases and various conditions 
which affect them: (1) Where water is purchased from a water- 
power company; (2) where it is taken from a stream on which the 
user owns the riparian rights; (3) where it is obtained from driven 
wells; and (4) where it is purchased from a town or city supply. 
An example of the use of the basic figures arrived at by the author 
is given for the case of a colored woolen mill. 


HE value of water for industrial purposes is an item which 
must be included in the valuations of many industrial 
properties. 

Many industries are dependent upon an ample supply for 
their processes, and when takings of watershed for public water 
supplies are made, enough suitable water must be left to carry 
on the processes requiring its use. If this is not done, it may be 
necessary to condemn the whole property. 

The author has not seen any printed matter on this subject, and, 
with the hope of bringing out some valuable information, is pre- 
senting some views on the subject which may establish a starting 
point at least for some logical conclusions. 

The object of this paper is not to establish definite values 
so much as to discuss methods which will assist in arriving at 
definite figures representing or indicating values in any par- 
ticular case. 

The figures given are approximate only, and cannot be expected 
to apply to every case. If the paper serves to bring out dis- 
cussion on this subject, its object will have been partially accom- 
plished. 

The determination of the value of water for power can be made 
with some degree of accuracy, but the determination of the value 
of water, or the right to use water for the various processes in 
manufacturing, and for other purposes, as condensing, and for 
what might be called domestic uses in the mill, is difficult, because 
of the wide range of the cost of procuring a suitable supply and 
the varying conditions of its uses. 

The value of anything is not necessarily measured by what it 
costs to obtain it, but by what it would cost to obtain the same 
orequivalent results in a reasonable and practicable way. 

Thus the value of a water power can be determined by com- 
paring the cost of producing and delivering power to the place 
where it is used with the cost of producing and delivering the 
Same amount of equally reliable power in some other way, as by 
steam power, internal-combustion engines, or by purchased 
electric current, taking into account in each case all the elements 
of cost. 

There is no substitute at present for water for manufacturing 
purposes, and therefore its value cannot be determined by the 
a of some other thing which would produce the same 
results, 


There have been sales of properties in which one element of 
' Pres., Chas. T. Main, Inc., Engineers. Past-President A.S.M.E. 


em d at the First National Meeting of the A.S.M.E.Textile 
Wvision, Boston, Mass., May 22, 1928. 


value is the possibility of using water for manufacturing pur- 
poses, but it is impossible to segregate the value of this element 
from all other elements of value. 

The value of water, or the right to draw water, depends largely 
upon the use to which it is to be put, and the physical require- 
ments for preparing it for such use. 

In a manufacturing plant there are usually the following uses, 
in addition to the use of water for water power: 


1 Water for manufacturing purposes, sometimes called 
process water 

2 Water for condensing when steam power is produced 
and where there is only a partial or no use for low- 
pressure steam for heating or in the manufacturing 
processes 

3 Water for sanitary or domestic purposes 

4 Water for drinking. 


As a usual thing, drinking water is obtained from a different 
source from that which supplies the water for the other uses, and 
as the amount of water required for sanitary purposes is relatively 
small compared with amount of process and condensing water, 
these two uses will be given no further consideration here. 


WaTER FOR MANUFACTURING PURPOSES 


Occasionally a concern has an ample supply of water which 
is particularly adapted in softness and other qualities to the 
work to be done. In such a case the water for manufacturing 
may have a special value. 

Such a condition may occur in a small stream which is un- 
polluted by any other manufacturing plant above it on the stream, 
and which can be reservoired, or on any stream where the pollu- 
tion or hardness is so small as not to be harmful. 

In a few instances there are reservoirs furnishing by gravity 
an ample supply of good water which comes from a source inde- 
pendent of the main stream. 

The cost of procuring such a supply would usually be the 
cost of creating the reservoir by the purchase of some cheap 
land and the construction of a dam, and of the piping system 
to the mill. The cost of such plants will vary considerably. 

There are some cases in which the process water is supplied 
from driven or dug wells. The cost of such wells, and the 
amount of water available, will vary enormously. With such 
an arrangement there is the cost of pumping. 

These physical structures add to the value of a plant whatever 
they cost, less depreciation, up to a point where the fixed and 
operating charges become equal to the cost of obtaining water 
in some other ordinary and customary way. Above that point 
there is no further value to be added for physical structures and 
nothing left for the value of the water itself, just as in the case of 
water for power, where, when the cost of physical structures 
reaches a certain amount, anything above that amount is of no 
value, and there is nothing left for the value of the privilege. 

In manufacturing cities where the water is controlled by a 
separate water-power company, water is sold, or leased, for power 
and other purposes, and in such cases the sale price is some 
measure of the value of the water. 

Most of the indentures for water were made many years ago, 
and were largely made for water for power and do not represent 
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present-day values of water for manufacturing purposes. More 
recent leases are some indication of present values. At least they 
show what some manufacturers are paying for this service. 

In the great majority of cases the mill owns the riparian 
rights on a stream and takes its water from the same pond from 
which water is drawn for power. If the level of the water above 
the dam is of sufficient elevation, the water can be drawn by 
gravity into the various machines in which it is used. If the 
water level is not sufficiently high, the water must be pumped. 

Most of the earlier textile mills, especially the woolen mills, 
were located in New England on rivers, the waters of which were 
unpolluted and were suitable for manufacturing purposes. 

As the number of mills and communities have increased, these 
rivers have become more or less polluted, and the water from 
some of them must be treated before it can be used. The value 
of the supply under these conditions is relatively less than it was 
formerly. In some cases the supply has been abandoned, and 
water purchased. This may be a burden which tends to de- 
crease the value of the property. 

The use of water from city or town supplies at domestic rates 
would be prohibitive in most cases, especially if the amount used 
is large. 

As the number of new and good supplies available has dimin- 
ished, the value of the remaining good supplies has increased. 

The value of the right to draw and use water for manufacturing 
purposes is not necessarily measured by the cost of getting it. 
It can be measured by the cost of getting it in some reasonable 
and common method. As in the case of water power, the less 
the physical structures cost to build and maintain, the more 
valuable is the privilege or right to draw. There is a reasonable 
sum that can be spent for the privilege and plant so that the 
concern will not be handicapped in competition with other mills. 

For example, supposing the water is obtained from deep 
wells at great relative cost, nothing could be added to the value 
of the site for this when compared with the value of sites where 
the cost of getting water would be comparatively low; or, if the 
water is taken from the town or city supply at high rates, no 
value can be added to the site for this reason; but on the other 
hand there may be something to be deducted for this handicap, 
in the same way that a location requiring excessive haulage will 
involve a constant source of extra expense which tends to reduce 
the value of the site. 

The cost of obtaining water for manufacturing purposes may 
be an indication of its value under any of the following con- 
ditions: 

1 When the water is purchased from a water-power com- 
pany. This gives the most definite indication and applies to 
many cases of concerns engaged in similar businesses. 

2 When the water is taken from a stream by the owner of 
the property who also owns the riparian rights, accomplished 
by the building of the necessary structures and appliances to 
make use of the water. This is the most common case, and is 
usually the least expensive method of obtaining the water. 

3 When the water is obtained from wells which usually in- 
volves large expenditures for construction and operation. This 
is not a common method and usually results in a higher cost of 
water and, therefore, a lower additional value for the site than 
with (1) or (2). 

4 When water must be purckased from a public or privately 
owned water supply principally used for some other purpose, 
such as the supply for a town or city. The costs in this case are 
usually prohibitive for plants requiring large amounts of water. 


WaTER OBTAINED From WaTER-POWER COMPANIES 


Water is sold or leased by water-power companies as in Law- 
rence, Lowell, and Holyoke, but even in these places the charges 


are not uniform. Some of the sales of water for manufacturing 
and condensing made prior to the period of increased cost of the 
last few years, which are not confused with water for power, ip. 
dicate that a fair charge, at the time, for such water was about 
$1200 a year a mill power, a mill power being equivalent to aboy 
8,000,000 gal. in 10 hours. 

This charge was before the increase in cost of about every. 
thing and the decreased value of the dollar, and under present 
conditions may be equivalent to about $3000 a year. 

In a more recent agreement the price for 8,000,000 gal. a day 
was fixed as follows: 


$15.00 
6 00 


First 5,000,000 gal. at $3.00 per million 
Next 3,000,000 gal. at $2.00 per million 


$21.00 


$21 xX 300 days = $6300 a year for 8,000,000 gal. a day, 
about $800 a year for a million gallons a day. 

In these cases the water-power companies own, control, and 
operate the dam and canals up to the intake for the water int 
the mill, the mill having only the local distribution system to 
install and maintain. The mill may also have filter and pumping 
plants for a portion, or all, of the water. This water is usually 
supplied under some head, and a good deal of it may be used with- 
out pumping. 


> 


Water TAKEN From a RIVER 


The most common method is where the water is taken fron 
a river on which the user owns the riparian rights, and which is 
drawn by gravity, or where it is pumped to tanks and used from 
the tanks by gravity. 

In many of these cases water is furnished under some head 
and much of it could be used without pumping. The conditions 
are generally not much different from those when water is take 
from a water-power company, except that the right to the us 
of the water is a part of the riparian rights of the owner of the 
property, the water itself does not have to be paid for, and the 
dam, canals, or other channels are owned and maintained by the 
mill itself. Usually the development is made primarily for water 
power, and the water for manufacturing purposes taken from 
the pond created for power purposes. 

The cost of obtaining water in this way is relatively small u 
most cases. Its value would be no more than water of similar 
quality supplied under similar conditions in the large mant- 
facturing centers by the water-power companies. 


Driven WELLS 


The cost of driven wells will vary enormously. With an ade 
quate supply of water at a short distance below the surfac 
the cost might be such as to compare fairly with the cost 
obtaining water from a river or from a water-power compat) 
With deep-driven wells the cost would be so high as to be 4 
burden on the mill in comparison with the other methods « 
obtaining water. 

A recent installation for 2,000,000 gal. a day cost $45,560. I 
this plant were extended to a capacity of 8,000,000 gal., the inst! 
lation cost would be not over $150,000 or about $19,000 per mir 
lion gallons per day. 


PuRCHASE OF TOWN oR City WATER 


It is not the usual custom to encourage the use of water from 
town or city supplies by manufacturing plants using large qua 
tities of water. Most towns and cities would be unable to supp! 
the amount required by large mills. 

The town or city must charge enough for this water, if it does 
sell it, to cover the cost of obtaining, and usually of pumpi 
storing, and distributing the water, and for such treatmet! 
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as may be given to it. The water would be delivered at a greater 
head than is required if the water is pumped from the river into 
tanks. All of these charges would make a price for the water 
that would probably be prohibitive. If, however, there should 
be one or more acceptable establishments requiring considerable 
amounts of water in a town, and if the supply is ample, the 
charge should be the minimum possible amount, even perhaps 
at less than cost, in order to encourage the establishments to re- 
main there for the general good of the community. 


SuMMARY OF Cost 


1—Water Obtained From Water-Power Companies. <A rental 
of $3000 per year for the right to draw 8,000,000 gal. a day is 
equal to $375 a year per million gallons a day. 

As the water-power company maintains the dam and water 
channels, the user has only the distribution system on his property 
to maintain, the expense of which is common to all users. The 
vearly cost might then be capitalized at interest charges only, 
say, 6 per cent. 

The amount $375 capitalized at 6 per cent is equal to about 
$6000. This represents the capital value of the right to draw 
1,000,000 gal. a day for the working days of the year, and is low 
in comparison with a more recent lease. 

Based on the agreement of $21 a day for 8,000,000 gal., which 
is equivalent to about $800 a year for a million gallons a day, 
we have $800 capitalized at 6 per cent, equal to about $13,000 
for the value of the right to draw one million gallon per day. 

At a rate of $3 a day per million gallons this would be 
$15,000 

2—Water Obtained From Owner's Pond. A million gallons in 
ten hours = 3.7 cu. ft. per see. With an assumed head of 30 ft., 
this would produce about 10 hp. This might be worth for power 
$20 a year per hp., or about $200 a year in all. This amount 
capitalized at 6 per cent equals $3333. 

The value for manufacturing purposes is greater than for power, 
and therefore this figure is low. 

3—Water From Driven Wells. In one case we have an installa- 
tion cost of $19,000 per million gallons a day. This is high in 
comparison with the other methods. 

Arbitrary Assumption. We have now figured a range from 
$6000 to $19,000 as the capital value per million gallons a day. 
It might be safe to set up an arbitrary base value of $10,000 
from which to start. 

It might also be assumed as a general proposition that one-third 
of the water, which is the amount used for the final process work, 
requires pumping and filtering, a supply which requires no treat- 
ment or pumping is worth considerably more than the base of 
$10,000 per million gallons a day. 


Errect oN Value By Reason oF Not BeinG To Pump 


If all of the water is pumped, with a total lift and head of 
30 ft., the cost. of pumping will be about 0.5 cent per 1000 gal., 
or $5 per million gallons a day, or $1500 a year, which capitalized 
at 6 per cent equals $25,000. 

One-third of this would be $500 a year per million gallons 
a day, it would take a capital sum of roughly $8000 at 6 per 
ent to pay for this pumping, and a supply not requiring any 
pumping would be worth $10,000 + 8000 = $18,000 per million 
gallons per day. 


Errecr on VALUE BY REASON oF Not BEING OBLIGED TO FILTER 


If all the water were filtered, and with sufficient storage tanks, 
t would ordinarily cost about 1.5 cents per 1000 gallons, or 
$15 per million gallons a day, or $4500 a year of 300 days, and 
for one-third filtered, $1500 a year. This figure would vary 
Considerably with different water supplies. 
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The amount $1500 capitalized at 6 per cent equals $25,000, and 
a supply not requiring any filtering or pumping would be worth 
$10,000 + 8000 + 25,000 = $43,000 per million gallons per day. 

If the water is used in a plant requiring more than one-third 
to be pure or more than one-third to be at high pressure, and 
filtering and pumping are eliminated by the nature of the supply, 
then the value of the supply would be greater than the above. 

The supply which is of the greatest value per unit of amount 
is one supplying soft and pure water which does not require 
treatment for softening or filtering, and which is supplied by 
gravity and does not require to be pumped. 

If it is conceivable that all the water must be pure and that all 
of it must be delivered under pressure, and if the natural con- 
ditions will insure these, then the value would be $10,000 + 
25,000 + 75,000 = $110,000, which is the maximum limit for a 
supply of one million gallons per day. This limit would not be 
reached ordinarily. We should say that $50,000 might be set 
as the highest value per million gallons a day for ordinary uses. 

We have now established tentative limits of $10,000 for a mil- 
lion gallons a day for a majority of cases, and $50,000 for ex- 
ceptional supplies. 

It must not be assumed that the foregoing figures are applicable 
to any particular case, but a method has been indicated by which 
an estimate can be made for any given general locality of the 
approximate value of the water for manufacturing purposes. 

Errect OF CHANGES IN CONDITIONS 

In the earlier days mills were located on streams which would 
furnish an ample supply of good water for manufacturing pur- 
poses. As time has gone on, the supply may have been reduced 
by takings or may have become inadequate or have become 
polluted. 

If a manufacturing plant has grown so that its water supply 
has become inadequate or unsuitable, and the plant cannot be 
moved to a location where the conditions of water supply are 
favorable, and must be put to unusual expense in obtaining a 
suitable supply, any excessive capital outlay for obtaining the 
supply does not add to the value of the property, but in fact may 
become a burden upon the property and tend to reduce its value. 

This additional or unusual expense may have been incurred 
by the cost of building dams and creating reservoirs; by ex- 
cessive cost of driven wells; where the water has become polluted, 
thus requiring excessive cost for purification; or where water 
must be taken from a city or town supply at high rates. 

The base value can be established by a consideration of the 
cost of the supply to a large majority of establishments which 
are on a competitive basis with the particular establishment 
under consideration. A supply with unusual beneficial char- 
acteristics will be worth more than the base value. A supply 
which costs an excessive amount for obtaining and preparing 
for final use may not add anything to the value of a plant, but 
may on the other hand cause the total value of the plant to be 
less than it would be with an economical water supply. 


EXAMPLE OF THE APPLICATION OF THE FOREGOING FIGURES 


A colored woolen mill, running one shift, will use about 30,000 
gal. of fairly good water a day per set of cards when there is a 
plentiful supply, but satisfactory work can be done with a less 
amount if necessary. 

a For the majority of cases where water is taken from a water- 
power company or from the owner’s mill pond, $10,000 per 
1,000,000 gal. a day is a fair base value toassume. $10,000 
30,000 + 1,000,000 = $300 a set. 

b Assuming that in a woolen mill one-third of the total amount 
must ordinarily be pumped, a supply requiring no pumping would 
be worth $18,000 < 30,000 + 1,000,000 = $540 per set. 
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ec Assuming that in a woolen mill one-third of the total amount 
must ordinarily be pumped and filtered, a supply requiring no 
pumping or filtering would be worth $43,000 x 30,000 + 1,000,- 
000 = $1290 per set. 

d Based on the more recent agreement mentioned in an earlier 
paragraph, and using the charge of $3 per day per million gallons, 
we should arrive at a value of $450 per set. 


WatTER FOR CONDENSING 


In some plants water is required for condensing as well as for 
manufacturing, and in some for condensing only. The use for 
condensing is diminishing in mills, as many of the newer mills 
are run by purchased electric current and some of the older ones 
are not replacing the steam plants as they become worn out, but 
are purchasing current for additional power requirements. 

This water does not require treatment for hardness or im- 
purity. When a plant is located at tide water, salt water may 
be used. 

In the manufacturing cities where there are water-power com- 
panies, this water is furnished at the same rates as for water 
power. In mills owning their own water power, the water is 
usually taken from the mill pond which also supplies water for 
power. 

In some mills the condensing water is used after passing 
through the condensers for process water, thus reducing the total 
amount of water required for both purposes and utilizing the 
waste heat of the power plant. 

The value of water for condensing depends upon the adequacy 
of the supply, the ease with which it can be obtained, the cost 
of fuel, and the amount of the waste heat from the engine or 
turbine which can be used for manufacturing purposes. Water 
for condensing purposes cannot have any value to a plant where 
the cost of power generated by a condensing plant would be 
higher than the cost of obtaining the power by some other 
acceptable method. 

Water has no value as power until it is harnessed and is pro- 
ducing power. The potential possibilities for the development 
of power add value to the riparian rights whenever it becomes 
economical to develop these possibilities, and also to the land 
contiguous to the stream. 

Water for condensing has no value for that purpose until 
it is so used, but when it becomes necessary or economical to 
develop steam power in a certain locality there is added potential 
value to land so situated that water can easily be obtained for 
condensing purposes, and such land becomes of more value than 
other adjacent land where water is not available or is available 
only at great expense. 

Three methods of estimating the increase in value suggest them- 
selves: 

1—lIts value for condensing can be measured by the net saving 
produced by its use, taking into account operating and fixed 
charges. In a manufacturing plant the amount required will 
depend upon the amount of exhaust steam which can be used in 
the processes and for heating. 

If the majority of plants doing similar work could purchase 
or obtain water at a moderate cost, other plants in competition 
with these would be at a disadvantage if it costs them more 
for condensing water. Before they suffered an actual loss in 
power production, however, they could pay up to a sum which 
would represent the saving due to condensing over non-condens- 
ing, unless there was a cheaper substitute power available. 

The net saving of condensing over non-condensing operation, 
with engines of 500 hp. and upward, running 10 hours a day with 
coal at $6 a long ton, is approximately $2 a year per hp., of engine 
load, and for a plant running straight condensing the total yearly 
saving would be roughly $2 per hp., with no allowance being made 
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for fixed and operating cost of the plant necessary to get the water 
to and away from the condensers. 

Assuming for the purpose of illustration that it cost $3 per hp, 
for the physical structures required to get the water to and 
from the condensers, and the fixed and operating charges at 50) 
cents a year per hp., the net saving would be $1.50 per hp 
a year. This capitalized at 10 per cent equals $15, which repre- 
sents the capitalized value per horsepower. 

Ten per cent capitalization is used here, whereas 6 per cent was 
used in connection with the value of water for manufacturing 
purposes. With the increased application of electric current for 
power there is less use for water for condensing, and the futur 
possibilities for cost of power are subject to a fluctuation of valy 
whereas good water for manufacturing purposes is becoming 
scarcer and its use cannot be done away with. 

If it takes 60 gal. per hour per hp. for condensing, or 6) 
gal. per day of 10 hours, the capitalized value of 600 gal. a da) 
would be $15. This is the maximum value on this basis. 

At this rate the value for 1,000,000 gal. a day for a year would 
be $15 & 1,000,000 + 600 = $25,000. 

If the exhaust can be used in part or in whole, the valy 
per horsepower would be reduced, but the value per 1,000,000 
gal. would remain the same. With varying percentages o/ 
exhaust use the value per horsepower would be as follows: 


Per cent of exhaust use Value per hp 


25 $11.25 
50 7.50 
75 3.75 
100 0.00 


In most colored mills at least as much as 50 per cent, and oft 
as much as 75 per cent, of the exhaust would be used and th 
value per horsepower would then be $7.50 and $3.75, respec 
tively. 

For the purpose of illustration, we shall assume that 50 per 
cent of the exhaust will be used. On this basis the value of water 
for condensing purposes per set of woolen cards would be 4 
hp. X $7.50 = $300. If all waste heat of the prime mover 
be absorbed in the manufacturing process, the value would l 
nothing. 

If the water can be used for manufacturing purposes alte 
passing through the condenser, a double value cannot he giver 
to it. It would be worth the maximum value of its use fr 


either process purposes or for condensing, and if a portior 
used for each purpose the sum of the maximum value for es 
will represent its value. 

Steam turbines under fairly normal conditions require abou 
120 gal. per kw-hr., or 90 gal. per equivalent hp. 

As non-condensing turbines are very uneconomical unless ©! 
exhaust steam can be used for manufacturing purposes, it W 
not be advisable to run non-condensing when there is a scare’ 
of water. In such a case it would be necessary to instal! coon 
devices for the condensing water or to obtain the power by 52 
other method. The value of condensing water for turbines sh 
not be determined in the manner as indicated above for engine 
but might be estimated as indicated below or by comparing " 
cost of power from condensing turbines with that of purchas 
current or some other manner which would give reasons 
results. 

2—Another measure of the value of the opportunity to use ™ 
water for condensing is the difference in the cost of equip 
and of the operations necessary to deliver the water to the © 
densers as against some other common way of providing the #3 
as by cooling towers or ponds, taking into account also © 
relative efficiencies of these methods. 

Assume for example that the cost of cooling towers and aceo™ 
panying apparatus is roughly $10 a kilowatt. 
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TEXTILES TEX-50-2 
The fixed charges on $10 at 15 per cent a year would be... .. $1.50 2—Compared with cooling towers and cooling ponds: 
The yearly cost of operation per kilowatt, allowing for lower . : 
yacuum, is approximately....................... pe 3.25 All $27,000 $32.50 $24.50 $980 
Cost of make-up water...... ; 0.75 Half 27,000 16.25 12.25 490 
Total cost per year with cooling tower. .... . $5.50 3—Compared with sale of water in manufacturing cities: 
Yearly cost with an abundant water supply: 
(Cost of intake and piping, pumps, or whatever plant is 
required, say, $5 per kw.) 
Fixed charges on $5 at 15 per cent......... $0 75 : in —_— : 
Yearly cost of operation...... er : 1.50 Some TENTATIVE CONCLUSIONS 
ae $2 25 1—Base value of water for condensing per million gallons 
Net yearly saving, $5.50 2.25 = ....... $10,000 
3.25 capitalized at 10 per cent = $32.50 per kw. Under especially good conditions this figure may be as high 
= $24.50 per hp., approx. ‘ 
Gallons per kilowatt = 120 per hour. ‘ ? 
120 gal. X 10 br. = 1200 gal. a day per kw. 2—Base value for ordinary colored woolen mills: 
$32.50 1,000,000 $27,000 1,000,000 gal. a d Value of process water per set of cards. . $300 to $450 
$32.50 X —————._ =_ $27, or 1,000, 
1200 Additional value of condensing water per set of 
I 
Per set of woolen cards requiring about 30 kw.: $32.50 30 = $300 
$975, say, $1000, when running straight condensing, or $500 when Lowest value for both purposes, fairly good : r 


50 per cent of the steam is extracted and used for manufacturing 
purposes. 

The extra investment in a cooling-tower installation may some- 
time be offset by the cost of condensing-water intakes, screens, 
and tunnels, and discharge trenches or canals where water is taken 
from so-called natural sources. The vacuum obtained when 
using cooling towers or ponds is rarely ever as good as that ob- 
tained where the supply of water is ample. 

3—One other method would be by comparison with the charge 
for such water in communities where it is sold or leased by water- 
power companies. 

Based on charges for water by companies controlling water 
for manufacturing in manufacturing cities, it would be worth 
for condensing the same as for manufacturing purposes. We 
have previously in the paper set up a base of $10,000 per million 
gallons a day. 

600 gal. per hp. a day X 40 hp. = 24,000 gal. a day. 
24,000 
1,000,000 

condensing, or $120 when half the exhaust is used. 

In most cases this water does not require pumping. By reason 
of not requiring pumping, the value is increased by $1500, which, 
capitalized at 10 per cent equals $15,000, making a total of 
$25,000 per million gallons. This figure would make the value 
$600 per set of ecards for straight condensing and $300 when 
half the exhaust is used. 


$10,000 = $240 per set of cards when running full 


Base VALUE 


In the discussion of the value for manufacturing purposes, 
we established a base value of $10,000 per million gallons a day. 
This same figure might be established for water for condensing, 
at least for manufacturing concerns which are engaged in com- 
petition with others located in manufacturing cities where water 
is sold at the assumed rates. 

Compared with the above base figure, an unlimited supply 
of water would not be of any greater value unless it could be 
supplied more easily than the water purchased as described 
above. [t would be of less value if the physical structures 
required to convey it to the condensers cost more and if the 
water had to be pumped. 


APPLICATION TO A WOOLEN MILL 


1—Based on the difference in cost of running engines con- 
densing and non-condensing: 
Proportion of 


Steam con- Per million Per set 
densed gal. a day Per kw. Per hp. of cards 
All $25,000 aie $15.00 $600 
Half 25,000 7.50 300 


3—As these values may easily vary, a figure might be used in 
valuation work for all water needed per set of woolen cards in a 
mill driven by its own power plant, of $700. 

4—For special advantageous conditions, the figures would be 
higher as indicated in the text. 

5—The value may be determined by subtracting from its maxi- 
mum theoretical value the capitalized cost of getting the water 
to and from the place where it is used and in a proper condition 
for use. 

6—The capitalized cost of obtaining water may be much more 
than what it would be under ordinary fair conditions, but when 
it is more and there is no alternative, it puts a burden on the 
plant and adds nothing to its market value. It may even cause 
the value to be diminished. 


Discussion 


Harrison P. Eppy.?. The author has presented a very im- 
portant subject, but one which has not been, I believe, as fully 
appreciated during the past generation as it is now and as it will 
be in the future. The author's discussion is so nearly in accord 
with my own views that I will add only one point which he evi- 
dently has intentionally omitted, but which in my judgment is 
a real factor in establishing the value of water and the value of 
a plant or plant site. This factor is the difficulty of getting rid 
of the water after you have used it in the processing. Thirty 
years ago the disposal of industrial wastes was rarely a serious 
problem, although the thought comes of the case of Parker versus 
American Woolen Company, dating back fully 30 years and 
perhaps more, which is the foundation as I understand it of the 
decisions which have followed in Massachusetts since that time. 

What will be required for the disposal of industrial wastes is 
exceedingly problematical. It depends upon the population 
downstream for one thing and very largely on the public senti- 
ment for another. Conditions are complained of today which 
even five or ten years ago were taken by the public as a matter 
of course. 

There is the further problem connected with the disposal of 
industrial wastes and that is their effect upon the water used 
for process purposes farther downstream. 

As regards the value of water for dilution purposes there is, 
first, its use for the disposal of sewage. Ordinarily this is not 
a very serious problem for industrial establishments, although 
there is always a small amount. It has been determined, as a 
very rough rule, that 3 to 5 ¢.f.s. of water is the quantity required 
for the satisfactory dilution of the sewage of 1000 persons tribu- 


? Partner, Metcalf & Eddy, Boston, Mass. Mem. A.S.M.E. 
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tary toastream. The estimated cost of sewage treatment today 
on a relatively complete scale suitable to discharge into a small 
stream is about $1200 per 1000 persons per year, or capitalized at 
6 per cent, about $20,000. The value of diluting water, then, on 
the basis of 3 e.f.s. per 1000 pedple is $10,400 per 1,000,000 gal. 
In other words, if 3 ¢.f.s. per 1000 population can be drawn and 
will accomplish the same purpose as the treatment I have sug- 
gested, then you can afford to pay $10,400 per 1,000,000 gal., or 
taking the higher figure of 5 ¢.f.s., the value drops to $6250 per 
1,000,000 gal. 

Another example, and that is one that applies to tannery wastes 
which are worse to treat than textile wastes. At a certain tan- 
nery which has a large wool-scouring plant the treatment of 
industrial wastes amounts to $179 per 1,000,000 gal. If the 
treatment is eliminated and sufficient diluting water is furnished, 
then for dilution 50 parts of water would be required for 1 part of 
industrial waste. 

The value of this water for diluting factory waste would be 
$179 divided by 50 or $3.58 per 1,000,000 gal. daily, equivalent 
to $1300 per year. Capitalized at 6 per cent the diluting water 
would be worth about $21,600 per 1,000,000 gal. 

The net result of these computations indicates that, for di- 
Juting municipal sewage, water has a value somewhere in the 
neighborhood of $10,000 per 1,000,000 gal., at least for illus- 
trative purposes, and for dilution of industrial wastes the value 
may be as high as $21,000 to $22,000. 


Epwin H. Marste.’ I would like to ask if either Mr. Main 
or Mr. Eddy has any figures in regard to the adjustment of the 
disposa! of the water which was claimed to be polluting the stream 
just below Passaic. Two or three plants were abandoned, and 
there were figures placed as to what the valuation was and what 
they should be reimbursed for their plants in that matter. 
It was a very serious adjustment, they claiming that three plants, 
two small ones and one large-sized one, were polluting the river, 
and there was a valuation as to what the river was worth in the 
first place and the damage caused by polluting it with dyestuffs, 
ete., and I have heard that the fish were all killed. 

If my memory serves me right, the plants made the claim that 
their plants had an additional worth because they had a water 
supply, and the City of Passaic offset that claim by the damage 
done to the water by the waste or by the dye-house waste, and 
there was a valuation set on the water power and the privileges, 
and also they tried to set up a counter-claim. The case was 
tried before three engineers. This is an engineering problem 
that I have never heard thoroughly discussed. 


WituiaM HEFFERNAN.‘ I am right in that community where 
the Passaic River is polluted. It seems the pollution of the river 
dates back some years, and the Standard Bleachery, where I 
am located, contributed to the damage done to the river. At 
our particular plant we installed about three years ago, although 
I was not there at the time, a sewage system for taking care of 
the waste before it goes into the river. A large trunk sewer was 
started about ten or twelve years ago, I have been told, and it 
extends from Newark up to Paterson. It is about 4 ft. in diam- 
eter at Paterson at present, and when it reaches Passaic it is 
about 12 ft. in diameter, and continues on until it connects with 
the disposal plant of the Passaic Valley Sewage Commission at 
Newark. 

In connection with the mills there has been great agitation 
going on in this district for some time, and the mills are doing all 
they can in cooperating with the Passaic Valley Sewage Com- 


3 Pres., Curtis & Marble Mach. Co., Worcester, Mass. Mem. 


A.S.M.E. 
4 Standard Bleachery Co., Carlton Hill, N. J. 
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mission in order to clean up the river. At the Standard Bleach. 
ery Company, where we have a system for treating our waste. 
only 10 per cent of the wastes can go into the trunk sewer: the 
other 90 per cent must be treated by us and returned to the river 
in good condition. The Passaic River up to a few years ago had 
been an open sewer for the sanitary wastes and the mill wastes. 
Now the sewer is taking care of the sanitary wastes, and the 
mills are supposed to treat 90 per cent of their industrial wastes, 

Passaic is on one side of the river and Carlton Hill, wher 
the Standard Bleachery is located, is on the opposite side of the 
river, and I have noticed that the fish are now swimming wp the 
Passaic River. Within the next few years probably all the in- 
dustries down there will be taken care of and the river will be gs 
nearly normal as before. In fact, motor boats are quite popular 
where before they could not use the river. A white boat woul: 
turn black in a few weeks; and a white house a mile away woul 
turn black from the fumes from the river. In my opinion it 
means that all large plants must install distillation systems o 
their own. 

The Standard Bleachery Company was not compensated | 
the State or Government, in whole or in part, for the installation 
of its sewage disposal system. 


Marcus K. Bryan.’ There are two methods apparent! 
used in this paper for the determination of value, one being used 
for condensing water and the other for industrial or process water 
These are fundamentally different. The method used for con- 
densing water is to capitalize the earnings accruing from the us 
of the condensing water, and the method used for the process 
water is to capitalize the average cost of water to several plants 
similarly situated. The method used for condensing water seems 
beyond criticism. There is a distinction between condensing 
water and process water which seems important to me, tha’ 
being the fact that process water is indispensable and general 
without a substitute, whereas condensing water is not essentia 
in the operation of the plant. Thinking along that line, | won- 
dered if the values established in the paper were not perhaps ¢! 
minimum values. If the water supply is damaged, and the plan! 
is reimbursed for the damages, that amount would, if capita: 


ized, take account of the injury done to the earning power of th 
plant by the destruction or injury to the water supply. If s 
building or some other physical property or element of property | 
were destroyed, it could be replaced, and perhaps its value wou! 
then be its replacement cost. 

It is not likely that the destruction of a building would affect | 
the earning power of the plant as destruction or elimination 0! 
the process water would, and the thought from that in my min¢ 
was that the difference between the values of water established 
in damages and the value established by the capitalized cost | 
obtaining it in the locality where the plant was loc2ted might !* 
too large. 

There appears to me another element of value in process watt 
which has not been taken into account. Physical structures 
like buildings and machinery are replaced from time to time ane 
depreciate in value, and generally are replaced with better build: 
ings and machinery due to advances in the art. Supplies 
process water, perhaps, are being depleted or the demand fer 
them is increasing as industry increases, and may it not be ths! 
the value of process water appreciates through the years, a0 
therefore might there be an element of value which admitted)! 
is difficult to determine but is not in the values as determined? 


AUTHOR’s CLOSURE 


I have not seen any report on the settlement of the claims 40 


5 Chas. T. Main, Inc., Boston, Mass. Mem. A.S.M.E. 
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eounter-claims for damages to industrial plants on the Passaic 
River. 

In order to keep the paper as simple as possible, I purposely 
omitted any discussion of the problem of getting rid of the water 
after it had been used for manufacturing purposes. 

Iam glad that Mr. Bryan has said something as this question 
has been under discussion among my associates for a number of 
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years. Many thoughts relating to the subject have not been in- 
corporated in the paper. The object was to see if we could get 
some reasonable method of determining the figures which we put 
into our valuations of industrial properties for the item of water 
for manufacturing purposes. If anybody can send in any dis- 
cussion in writing which will be of assistance we shall be glad 
to have it. 
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TEX-50-3 


Comparative Performance of Looms With 
Plain and Roller Bearings 


By GEORGE H. PERKINS,' BOSTON, MASS. 


authentic comparative data on the effect of the application 
of roller bearings on loom performance, with special refer- 
ence to the following factors: 


Tiss tests reported in this paper were undertaken to obtain 


1 Production gain 
2 Maintenance cost 
3 Power saving. 

With this purpose, complete performance records were ob- 
tained from two groups of looms, each consisting of thirty-two 
8l-in. Hopedale “‘Nordray’”’ automatics, in regular operation 
at the plant of the Naumkeag Steam Cotton Co., Salem, Mass. 

These loom groups were identical in all respects, except for 
bearing equipment, and were under test and close observation 
for 26 full weeks of normal mill operation. 


Nordray Broad Looms 


4 


ye 


Main Fae 


Group 8-- 
ROLLER BEARINGS ON 
CRANK AND CAM SHAFTS 


Nordray Broad Looms Present? Feeder 


Cloth data.............8l-in. Pequot brown sheeting, 68 ends, 72 
picks, and 1.43 yd. per lb. 
Watt-hour meters... ... Westinghouse Type OA watt-hour meter in 


feeder for each loom group. Meters were 
furnished and calibrated by Salem Electric 
Lighting Co., Salem, Mass. The meters 
were also recalibrated in test location on 
July 27, 1927 

Loom arrangement......The loom groups were arranged as shown 
on accompanying floor plan, Fig. 1. This 
plan also indicates location of watt-hour 
meters 

Operating hours.........7:11 a.m. to 12 m. Monday to Friday, 
inclusive 
12:56 p.m. to 5 p.m. Monday to Friday, 
inclusive 
7:11 a.m. to 11:30 a.m. Saturday 
Total time per week, 48 hr., 44 min. 


Watmeter 


PLAIN BEARINGS 


Fic. 1 Loom ARRANGEMENT AT NAUMKEAG STEAM Cotton Co., SALEM, Mass. 


Reliability of results was insured, not only by the long duration 
of the test and number of looms observed, but also by the elimina- 
tion of such variable factors as age and cormdition of looms, type 
of drive, specification of cloth woven, atmospheric conditions, and 
character of attendance and supervision. 


GENERAL DaTa 


Plant Naumkeag Steam Cotton Co., Salem, Mass. 
Test started March 14, 1927 

lest finished .. Sept. 24, 1927 

Duration of test ...26 weeks. (Mill stopped for annual shut- 


down from July 2 to July 18 and also on 
holidays, April 19, May 30, and Sept. 5.) 


Loom equipment ..8l-in. Hopedale Manufacturing Co. Nor- 
dray automatic broad-sheeting looms 

Age of looms ..In use for 2 years, 6 months to Mar., 1927, 
including about 6 months of day and night 
operation 

Motor equipment .4/¢hp. Design A, KT-121, General Electric 


Co. loom motors with waste-packed bear- 
ings, 1800 r.p.m., 220-volt, 3-phase, 60- 
cycle. Pinions: 15 teeth, 8 pitch, and 

Pick 1'/>-in. face 

‘ek-counter equipment.. Veeder pick counters were used from Mar. 
14 to July 2. All counters were changed 
during annual shutdown period. Root 
pick counters were used from July 18 to 

Sept. 24 

‘ormal loom speed... . 115 picks per minute. Speed checked at 

a frequent intervals 


Consulting Engineer, Boston, Mass. Mem. A.S.M.E. 


ne nted at the First National Meeting of the A.S.M.E. Textile 
vision, Boston, Mass., May 22, 1928. 
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Starting signal was given 4 minutes before 
“bell” time 

All test looms were stopped promptly at 
12 m. and 5 p.m. on Monday to Friday, in- 
clusive, and at 11.30 a.m. on Saturdays 


Group A Group B 
Bearing equipment.. .32 looms 32 looms 
All plain bearings Hyatt roller bearings 
throughout 2 crankshaft bearings No. 
311 


Solid inner and outer races 
Shaft diam... .2.1665 in. 


Length....... 1'5/i5 in. 

2 camshaft bearings No. 
18475 


Split outer races 
Shaft diam... in. 


Length.......5 in. 
All plain bearings on rocker 
shafts and friction shafts. 


Test METHODS AND OBSERVATIONS 


The general methods followed and principal observations taken 
during the test are outlined as follows: 

1 Production. Pick-counter readings were taken on each 
loom daily after closing time. 

All counter readings were recorded on a weekly record sheet 
and the total picks per loom per day and per week were computed 
and cross-checked at the end of each week’s run. 

2 Maintenance. All loom stoppages covering periods of § 


| | | 
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TABLE 1 TYPICAL MAINTENANCE RECORD—LOOM NO. 3450, TABLE 3 COMPARISON OF PRODUCTION-POWER RATIOS FRoy 
GROUP A WEEKLY RECORDS 
(Loom test at Naumkeag Steam Cotton Co.) 1000 picks per kw-hr. 
Date Time lost, f Percentage of gain 
(1927) Stop Start hr. min Cause Week ending Group A, B, Group B over 
Mar. 22 4:05 p.m 4:30 p.m. 25 Replace pick cam point No. (1927) plain beaginge roller beatings Group A 
Mar. 28 7:15 a.m 8:00 a.m 45 Repair shuttle 1 Mar. 19 10.76 (min.) 1.79 9.66 
Mar. 29 7°15 a.m 7:30 a.m. 15 Replace picker Mar. 26 10.84 11.58 (min. ) 6.83 
Mar. 31 2:00 p.m 3:35am. 1 35 New warp 3 Apr. 2 10.80 11.90 10 02 (max. ) 
Apr. 1 7:40 a.m 9:25a.m. 1 45 Smash repair loom 4 Apr. 9 10.99 11.85 7.82 
Apr. 2 8:15 a.m 8:30 a.m 15 Replace rocker-shoe strap ” Apr. 16 11.00 12 03 9.36 lat 
Apr. 6 1:05 p.m 1:55 p.m. 50 Smash 6 Apr. 23 11.48 12.02 4.70 
Apr. 11 10:00 a.m 10:10 a.m 10 New check strap ‘ Apr. 30 11.25 11 75 4.44 Gr 
Apr. 11 11:00 a.m 11:22 a.m. 7 New picker-stick bolt Ss May 7 11 27 11.62 3 ll 
Apr. 21 1:00 p.m 1:40 p.m. 40 New shuttle 9 May 14 11.08 11.91 7.49 All 
Apr. 21 3:00 p.m 3:30 p.m. 30 New picker stick 10 May 21 11.25 11.96 6.31 
May 2 11:25am. 11:45am 20 Repair stop-motion casting 11 May 28 11.66 12.04 3.26 
May 11 8:30 a.m. 8:45 a.m. 15 New lug clamp 12 June 4 11.80 (max.) 12.14 2.87 rep 
May 19 1:30 a.m. 1:40 a.m. 10 New picker-stick bolt 13 June 11 11.75 12.00 2.13 (min * 
June 4 9:00 a.m. 9:20 a.m 20 New pick cam point 4 June 18 11.62 12.06 3. 79 Th 
June 15 2:00p.m. 3:50pm. 1 50 New warp 15 June 25 11.44 11.84 3.49 
June 21 1:30 p.m 2:00 p.m. 30 New check strap, new lug 16 July 2 11.69 12.06 3.16 
strap 17 July 23 11.52 11.94 3.65 
June 23 9:15am 9:30 a.m 15. Pick-stick bolt 18 July 30 11.35 12.19 7.40 : 
July 2 8:30 a.m 8:35 a.m 5 Pick-ball bolt 19 Aug. 6 11.39 12.02 5.44 £ 
July 21 2:00 p.m 2:15 p.m 15 Pick cam point 20 Aug. 13 11.62 12.13 4.39 ; 
July 21 3:40 p.m 3:50 p.m 10 New picker stick 21 Aug. 20 11.56 12.08 4.50 x 
Aug. 1 10:30 a.m 2:20 p.m. 2 55 New warp, new shuttle 22 Aug. 27 11.65 12.24 5.06 
Aug. 1:30 p.m 1:35 p.m 5 New bunter 23 Sept. 3 11.52 12.36 (max.) 7.29 § 
Aug. 9 8:20 a.m 8:30 a.m 10 2 picker-stick bolts 24 Sept 10 11.57 12 14 4 93 
Aug. 17 3:40 p.m 3:50 p.m 10 Bushing for bunter 25 Sept. 17 11.40 12.22 7.20 ‘ 
Aug. 19 1:30 p.m 1:45 p.m. 15 2 fuses 26 Sept. 24 ll 60 12.15 4 74 r: 
Aug. 24 4:25 p.m 9:25 a.m 2 5O Protection rod, pick cam Average for entire test 11.37 12.00 5.54 Py 
points, 1 motor fuse 
Sept. 1 10:30am. 11:45am. 1 15 New warp g 
Sept. 19 4:05 p.m 4:30 p.m 25 Pick cam point at 7:15 a.m. to determine the effect of the week-end shutdow re 
32 on the starting power consumption. 
4 Observers. Throughout th 
TABLE 2 SUMMARY OF WEEKLY RECORDS—LOOM TEST AT PLANT OF NAUMKEAG STEAM ae ee 
COTTON CO., SALEM, MASS entire test an experie need @ 38 
server, entirely familiar with} 
Group A Group B 
32 81l-in. Nordray looms, 32 Sl-in. Nordray looms, Gain for Group B loom operation and construction ~ 
——plain bearings-————. roller bearings - over Group A v5 
Week Total Total 1000 Total Total 1000 Production Power was in constant attendance an of 
ending (1000) power picks (1000) power picks increase, saving 0 " » test dats a9 
No. (1927) picks kw-hr. per kw-hr. picks kw-hr. per kw-hr. percent per cent recorde d all of the test da - 
1 Mar. 19 9,902 920 10.76 10,024 850 11.79 23 7.60 5 Weekly Records. ‘The con 
2 Mar. 26 10,083 930 10.84 10,194 880 11.58 1.09 5.38 te re ae sek fe 
3 Apr. 2 9/818 910 10.80 10.119 850 11.90 3.07 6.60 —_—~iete re sults for each week | 
4 Apr. 9 9,788 890 10.99 10,073 850 11.85 2.92 4.49 production and power were tab 
5 Apr. 16 9,882 900 11.00 10,105 S40 12.03 2.28 6.66 ; 
t Apr. 23! 8,154 710 11.48 8,295 690 12.02 1.70 2 81 lated and computed on eh 
7 Apr. 30 9,906 880 11.25 10,137 860 11.75 2.33 2.27 igi C shee ich was 
May 7 9.586 850 11.27 9.766 840 11.62 1.87 1.17 Figinal record sheet, which 
9 May 14 9,867 890 11.08 10,011 850 11.91 1.46 5.62 duplicated, thus eliminating a Buri 
10 May 2 9,904 S80 11.25 10.170 $50 11.96 2.68 3.41 spied ; in 
11 May 28 10,030 860 11.66 10,239 850 12.04 2.08 1.16 errors resulting from transfer 
12 June 4! 8,261 700 11.80 8,378 690 12.14 1.41 1.43 P Ss ; sheets Te pe 
i3 June 11 9/874 840 11.75 9/974 830 12.00 101 i 19 ata. Similar sheets 
14 June 18 10,000 860 11.62 10,133 840 12.06 1.33 2.32 pared for each of the 26 weeks 4 
15 June 25 9,837 860 11.44 10.066 850 11.84 2.27 1.16 Al 
16 July 2 10,052 860 11.69 10,255 850 12.06 2.02 1.16 test. 
17 July 23 10,020 870 11.52 9,910 830 11.94 1.11? 4.51 4 y , The tes 
18 July 30 9'879 870 11.35 9°755 800 12.19 1.272* 804 6 Altendance. The 
19 Aug. 6 9,910 870 11.39 10,097 840 12.02 1.88 3.45 looms were operate d by th 
20 Aug. 13 9,882 850 11.62 10,189 840 12.13 3.10 1.18 
21 Aug. 20 10,063 870 11.56 10,144 840 12.08 0.80 3.45 weavers and fixers regularly #| 9 
22 Aug. 27 9,901 850 11.65 10,156 830 12.24 2.57 2.35 signe , i » ratio 
23 Sept. 3 9.907 860 11.52 10.140 820 12.36 2.35 463 Signed to them, in the ratio Tots 
24 Sept. 10 8,099 700 11.57 8,139 670 12.14 0.49 4.29 12 looms per weaver and 9 ver 
25 Sept. 17 9,903 870 11.40 10,144 830 12.22 2.43 4.60 l fiz | Prod 
26 Sept. 24 9,979 860 11.60 10,209 840 12.15 2.30 2.32 ooms per hxer. 18 To 
Total......... 252,487 22,210 256,822 21,410 Ys 
Average..........970 855 11.37 988 823 12.00 1.71 3.60 Test Data a 
The principal data of the Ad 
1 Weeks including holiday. 0. 
2 Loss. are shown in the accompany 
tabulations as follows: Pe Th 
minutes or over were carefully recorded by observer, including Production and Power. Table 2 gives the complete weekly |) @isie 
time of stop and start and the cause for the interruption of oper- total results for production and power as follows: ge 
ation. a Weekly production for each group in (1000) picks ("> @eay 
In case of all stoppages due to breakage, replacement, or re- umns 3 and 6) Th 
pair the loom part involved, with name, pattern number, and b Total production for each group in (1000) picks, ™" & 
cost, was recorded, together with the actual time lost. weekly average for test (columns 3 and 6) ; 
All time required for changing warps was also recorded in the c Percentage production gain for Group B over Group A™ 
same manner. each week and average percentage for entire 
A complete typical maintenance record for one loom No. 3450 (column 9) tal 
of Group A is given in Table 1, and similar data were obtained d Weekly power consumption for each group in k¥®> otal 
for each of the test looms. (columns 4 and 7) Ber 
3 Power. Readings of the watt-hour meters on both groups e Total power consumption for each group for entire tes" os 
were taken twice daily and records made on the weekly record kw-hr., with weekly average for test (columns 4 # i 
sheet with the production. 7) [Bloor 
Hourly readings were also taken on each Monday, beginning f Percentage power saving for Group B over Group 4® tal 


ie 
= 
a 


ROY 


TEXTILES 


each week and average percentage for entire test 
(column 10) 

g Ratio of production to power (1000 picks per kw-hr.) 
for each week and each group, with average ratio for 
entire test (columns 5 and 8). 


In Table 3 the production power ratios are separately tabu- 
lated, and the percentage gain of these ratios for Group B over 
Group A is given by weeks and as an average for the entire test. 
All data in Table 3 are also shown graphically in Fig. 2 

Maintenance Cost. The complete summarized record of all 
replacements for every loom of both groups is given in Table 4 
This table includes the name of part, pattern number, unit cost, 
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Total stoppage time ne 3,173 7.98 2,545 6.41 
Average loom efficiency, per 


Maintenance. Study of the maintenance records (Table 4) 
shows a large proportion of the replacements for both groups to be 
parts of the pick motion and related members such as check 
straps, lug straps, pick cam points, pickers, picker sticks and 
bolts, rocker shoes and bolts, and shuttles. These parts are 
subjected to repeated shocks and always comprise the major 
part of loom upkeep. 

These parts for both groups are segregated in the een 
comparative table: 


1000 PICKS PER 
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ANALYSIS OF RESULTS 
Analyses of the test results in detail are presented as follows: 


PRODUCTION 


Group A, Group B, 


plain roller 
A bearings bearings 
Total produc tion (1000 pic *ks) 252,487 256,822 
Average (1000) picks per loom per week 303 5 308 .7 
roduction 
Total, in yards. 97,410 99,082 
Yards per group per week 3,746 3,811 
Yards per loom per week. 117 119 
Additional yards per loom per week 2 
0. of warps used during test 156 167 


| The production gain for Group B shown above results from 

oe and smoother loom operation, with consequent less stop- 
ge for repairs, replacements, and normal loom operations by the 

Weavers. 

» The following tabulation presents a segregation of the total 

r time in loom-hours and in percentages of total. 


Time ANALYSIS 


Group A Per cent Group B Per cent 

tal productive time. 36,592 92.02 37,220 93.59 
tal stoppage for changing 

tal stoppage for replace- 

and repairs......... 260 0.66 113 
_ stoppage for normal 

loom operation............ 2,610 6.56 2,130 5.38 

tal test time... 39,765 “100 00 39, 765 100.00 


Group A, Group B, 
plain bearings roller bearings 

No. Cost No. Cost 
Check straps 31 $1.56 13 $0.78 
Lug straps Ss 0.84 4 0.42 
Pick cam points 18 9.90 8 4.40 
Pickers 51 4.59 14 1.26 
Picker sticks 39 2.14 23 1.26 
Picker-stick bolts 34 1.02 14 0.42 
Rocker shoes 5 2.25 2 0.90 
Rocker-shoe bolts 14 0.42 
Shuttles... 21 30.24 Ss 11.52 
Total cost... : $53.26 $2( 0.96 


The marked reduction in the number of these parts for Group B 
must be attributed to the shock-absorbing characteristics of the 
roller bearings used. 

Power. The following table gives a summary of the power 
data obtained for the entire test. 


Group A, Group B, 


plain roller 
bearings bearings 
Total power for test, kw-hr 22,210 21,410 
Average kw-hr. per week 855 823 
Max. kw-hr. per week 930 880 
Min. kw-he. per week including holiday. 700 670 
Total loom hours 39,765 39,765 
Kw. per loom per hr. 0.56 0.54 
Hp. per loom per hr. 0.751 0.723 
Rated hp. of motors 0.75 0.75 
No. of motor fuses replaced oh 21 5 


Study of the weekly power consumption in Table 2 shows a 
marked consistency throughout, and that practically all variations 
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TABLE 4 MAINTENANCE RECORD FOR 26-WEEK PERIOD 
ENDING SEPT., 1927—LOOM TESTS AT NAUMKEAG STEAM 
COTTON CO. 


Group A, Group B, 
plain bearings, roller bearings, 
Replacements 32 looms 32 looms 
(Name of part and pattern No.) Cost Total Total 
each No. cost No. cost 
Binders...... ee 2 $0.46 1 $0.23 
Binder bushing (L- 2957). 0.18 as 1 0.18 
Binder holder (M-7219). 0.90 1 0.09 
Binder holder (H-1610)........ 0.90 1 0.90 sen 
Brake casting (H-2007)........ 0.50 1 0.50 
Brake casting (H-2789)........ 0.25 1 0.25 
Battery spring..... 0.03 1 0.03 
Battery casting (B-20)......... 0.30 6 1.80 2 0.60 
Battery casting (B-5016)....... 0.15 0.15 
Battery casting (C-396)........ 2.60 1 2.60 ; 
Bobbin guard (L- 19672)........ 0.35 1 0.35 
Box plate set screw. 0.03 2 0.06 
0.10 8 0.80 3 0.30 
Check strap bolts.........-... 0.02 2 0.04 a 
Check strap casting (H-1677)... 0.30 1 0.30 ~ 
Check strap casting a" 19597) .. 0.29 1 0.29 1 0.29 
Crank-arm.. 0.28 1 0.28 
Crank-arm bolt. 0.02 7 0.14 
Crank arm clamp.........--.- 0.16 1 0.16 
Friction gear, large (H-1910).... 14.50 2 29.00 oe 
Friction gear, small 2.90 1 2.90 
Fiber washer on friction........ 0.16 2 0.32 1 0.16 
Filling fork (H-1781)........ 0.50 3 1.50 
Filling-fork holder..........-..- 0.50 1 0.50 
Harness cam (H- 1789) 1 $1.40 
Harness 0.15 1 0.15 1 0.15 
Heel strap spring (L -864).. , 0.08 1 0.08 ai 
Let-off bolt...... 0.02 1 0.02 
Let-off casting (H- 1720) 0.24 ha . 1 0.24 
Let-off friction clamp (H- 1800).. 0.20 0.20 
Let-off gear (L. M.-3789)...... 0.41 1 0.41 5 
Let-off gear spring............. 0.20 1 0.20 
0.05 1 0.05 
0.10'4 8 0.84 4 0.42 
Mouth piece (H-1611)......... 0.40 2 0.80 
Mouth piece bolts............. 0.03 2 0.06 a ‘ 
Pick ball stand (L- 0.99 1 0.99 
Pick cam points (H-1572)...... 0.55 18 9.90 8 4.40 
si 0.09 51 4.59 14 1.26 
Picker stick bolts.............. 0.03 34 1.02 14 0.42 
... 0.05'4 39 2.14% 23 1.2614 
Protection rod, right........... 1.30 1 1.30 1 1.30 
Phek ball belts... 0.04 3 0.12 3 0.12 
Protection rod casting (L-22315) 0.24 S69 Peeve 2 0.48 
Protection rod casting (H-11612) 0.40 ae ee 1 0.40 
Pick arm casting (H-1569)...... 1.26 5 6.30 3 3.78 
Pick ball washer (L-12838)..... 0.04 3 0.12 2 0.08 
Protection rod casting (H-1514).. 0.24 a ae 1 0.24 
0.04 2 0.08 1 
0.12 1 0.12 
Pick ball (L-12728)............ 0.24 4 0.96 2 0.48 
Pick ball casting (L-1996)...... 0.09 1 0.09 
Rocker shoe bolts............- 0.03 14 0.42 
Rocker shoe straps............ 0.03 5 0.15 4 0.12 
Rocker shoe tongue (H-2009)... 0.20 4 0.80 3 0.60 
Roller bearing casing (Hyatt)... 3.00 1 3.00 
Rocker shoe, top (M-1862)..... $1.40 , 2 $ 2.80 
R. H. parallel (L-28307)........ 0.94 1 0.94 
1.44 21 30.24 8 11.52 
Shippers (H-1997).............- 0.60 2 1.20 s 4.80 
Shipper handle bracket (H-1918) 0.20 1 0.20 3 0.60 
Shipper handle casting (H-1996) 1.80 3 5.40 
Shipper lock (H-1998)......... 1.45 1 1.45 3 4.35 
Stop motion link (W-1288)..... 0.40 2 0 80 2 0.80 
Stop motion casting (W-1L: 0.20 1 0.20 
Shuttle box plate 1516). 2.05 3 6.15 
Stop motion wire. 0.08 0.24 
Temple cutter 0.03 1 0.03 
Temple slide. . 0.12% .. 1 0.12% 
Take-up casting (H-1782).. 0.40 3 1.20 
Take-up casting (H-1932).. 0.20 1 0.20 ere eis 
Take-up casting (H-1764).. 1.00 1 1.00 ve bite 
Take-up casting (H-1754)...... 0.55 1 0.55 
Tongue (1,-28016) . $2 0.25 1 0.25 1 0.25 
Bobbin chute (L-1967 2). 0.35 1 0.35 
Dagger finger (H-1612)........ 1 0.4 
Front box plate (L-24889)...... 0.27 1 0.27 ow es 
Pick ball spring (H-1735)....... 0.15 oi 1 0.15 
Pick cam hub (M-7122)........ 4.75 1 4.75 
Grand total, cost for 26 weeks.............. $131.00 $65.62 
Average cost per loom per week................. $ 0.1574 $ 0.0789 


in power are directly reflected in changes in the production ob- 
tained for same period. 
The ratios of production to power in thousands of picks per 


Total production for test, yards............... 97,410 9 0x2 
Production gain for test, yards............ 1,672 
Preduction gain over Group A, per cent........ ; 1 71 
Production gain per loom per week, yards... .. . ah 2 
Production gain per loom per year (50 weeks), 


kilowatt-hour as shown in Table 3 are particularly consistey; 
throughout the entire test. 


SumMMARY OF RESULTS 
The principal results of the test are summarized as follows: 


Propuction GAIN 
Group Group 


MAINTENANCE Cost 


Group A Group k 
Total cost of replacements for test....... $131.00 $65.62 
Cost per loom per week................. 0.1574 ) 07s 
Saving per loom per week..... 0.0785 
Saving per loom per year (50 weeks). 3 3 93 


PoWER SAVING 
Group A Group 


Total power for test, kw-hr................... 22,210 2141 

CoNCLUSIONS 


Before summarizing the conclusions drawn from these tests 
particular attention is called to the following factors whic 
have important bearing on the results obtained: 

1 The application of roller bearings to the looms of Croup } 
was limited to four bearings only per loom out of a possibile te 

No roller bearings were used on the friction shafts or rock 
shafts of either group. 

This limited application of roller bearings unquestionably 
stricted to some extent the advantages to be gained from their ws 

2 In comparing the loom efficiency of both groups, speci 
note should be made of the high existing efficiency of the loom 
of Group A. This fact makes any production gain shown | 
more creditable. 

3 The existing loom conditions of Group A were excelles’ 
and particular attention was given to general upkeep and s\* 
tematic lubrication. These favorable conditions have an i= 
portant bearing on the possible power savings. 

The following factors all contribute largely to the authenti 
of the results under the conditions as outlined: 


1 Duration of test 

2 Number of looms operated 

3 Elimination of variable factors and uniformity of 
ditions 

4 Close observation of all looms for all stoppages for #! 
cause. 


In view of the above factors and the marked consistency 0! 
observations throughout the test, the following conclusi® 
may be drawn: 

1 The production gain of 1.71 per cent obtained for Group? 
results directly from the use of the roller bearings, through ef” 
ing easier- and smoother-running looms and thus reducing © 
stoppage time for repairs, replacements, and the normal op 
tions incident to weaving. The commercial value of the “ 
creased production varies so widely in different plants that ° 
attempt will be made by the author to present definite cost 
in this paper. 

2 The material reduction of maintenance cost must be dire 
attributable to the application of roller bearings, throug! ™ 
partial elimination of the shocks incident to loom oper! 
particularly in connection with the pick motion. 
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3 The net power saving shown (3.6 per cent), while not large, is 
creditable in view of the limited bearing application and generally 
excellent condition of the looms with plain bearings. Power 
saving must always be considered secondary to the gain in pro- 
duction and the reduction of maintenance costs. The value of 
this power saving will vary in different localities with the cost of 
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power, and this gain will therefore not be evaluated in this paper. 

It should be noted that these tests were made in a modern 
textile mill of the highest type and one widely known for its 
efficiency. Larger production gains and increased savings in 
power and maintenance costs could undoubtedly be shown in the 
textile mill of average efficiency. 
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Progress in the Woodworking Industries 


Contributed by the Wood Industries Division 


Executive Committee: Wm. Braid White, Chairman, Paul H. Bilhuber, Secretary, James S. 
Mathewson, Sern Madsen, and Thos. D. Perry 


States have shown, by and large, a growing interest in the 

fundamental question of the quantity and quality of the 
remaining supplies of domestic timber. In part this interest 
has been due to the work of the National Committee on Wood 
Utilization, which was set up three years ago by Secretary Hoover 
of the Department of Commerce, and which is composed of 
representatives of the lumber, woodworking, forestry, and engi- 
neering interests. The A.S.M.E., in the person of the pres- 
ent chairman of the Wood Industries Division, is represented 
on this committee, which is working to educate the wood indus- 
tries in eliminating waste, in the need for an understanding of 
scientific methods of timber conservation, and in preparing the 
way for the ultimate adoption of standards in machinery and 
in machine methods. The work of this committee is by no 
means the only work of the kind being done, but it must be 
mentioned as a contributing factor to the year’s progress. 

Not enough has become known among the industries, metal 
and non-metal alike, concerning the very fine work which has 
been going on for a number of years at Madison, Wisconsin, 
where the Forest Products Laboratory of the Forestry Service 
of the United States carries on its increasingly valuable researches 
into every aspect of the growth and use of wood. The practice 
of throwing open to technical men from the woodworking in- 
dustries free courses at the Laboratory in the gluing of wood, 
in the science and art of plywood building, in crating and boxing, 
and especially in the seasoning and drying of lumber, has been 
continued, and it may confidently be affirmed that all who have 
had personal contact with these admirable courses of instruc- 
tion feel more than repaid for the time spent in them. If the 
woodworking industries were more alive to the work which 
the Forest Products Laboratory is doing, they would be insist- 
ent in pressing Congress to be more generous in appropriating 
the needed funds. 


[) sister the past year the wood industries of the United 


TimBeR CONSERVATION 


Timber conservation is no longer a matter merely of academic 
interest. At the annual convention of the National Lumber 
Manufacturers’ Association, held this summer in Chicago, the 
tone of the discussions was extremely serious, indicating clearly 
that the lumber men, who have been the chief scorners of all 
talk about diminishing supplies, are themselves already thor- 
oughly alarmed at the situation. This fact lends point to the 
position taken by the Wood Industries Division of the A.S.M.E., 
which two seasons ago undertook to investigate the situation 
48 to possible supplies of commercially and industrially usable 
tmbers from tropical countries, such as the Philippines, British 
India, and Central and South America. In the Progress Report 
of one year ago it was possible to say something briefly about 
this research, and now, a year later, it can be stated that some quite 
definite steps have been taken. A comprehensive bibliography 
of books, papers, and articles in several languages, upon every 
’spect of the tropical-woods question, has been prepared by 
Major George P. Ahern and Miss Helen Newton of the Tropical 
Plant Research Foundation of Washington, D. C. In addition 
to this extremely valuable pioneer work, which is paving the 
way for the scientific investigation of a subject as important as 


it is little understood, the Wood Industries Division has given 
special attention to presenting aspects of the question at various 
meetings of the Society. Thus, at the first national wood 
industries meeting of the A.S.M.E., held last November in 
Chicago, after the 1926 Progress Report had been written, 
the whole question of timber supply was taken up by Major 
Ahern, whose paper produced valuable discussions and debates, 
in which experts from the Forest Products Laboratory, tropical 
foresters, and representatives of large wood-using industries took 
part. At the second national wood industries meeting of the 
Society, held in Grand Rapids during the month of October last, 
the same subject was taken up again, and has come to general 
attention. 


RESEARCH 


Last year’s report made mention of a project to secure a 
research into the properties of machine saws and cutting blades, 
investigating the laws governing the behavior of these tools in 
use, and leading to the formulation of recommendations to 
manufacturers and users whereby closer agreement may be 
arrived at in regard to saw cuts, sharpening, standardization 
of cutting edges, etc. Considerable difficulty was experienced 
in obtaining a working committee, but the task has now been 
accomplished and the first general meeting will have been held 
before this report has been published. 

The research in spark-arrester design and use is proceeding 
through the help and cooperation of the Pacific Coast Local Sec- 
tions of the A.S.M.E. 


Proaress IN DEVELOPING WooDWORKING MAcHINERY ALONG 
ENGINEERING LINES 


Last year some mention was made of the subject of wood- 
working education, with special reference to the attitude assumed 
by directors of technical schools and colleges. It is not possible 
at this time, unhappily, to say anything more encouraging than 
was said a year ago. Woodworking remains, in the minds of 
engineering educators, the cut-and-fit art it was a generation 
or two since; nor is there much probability of fruitful change 
save through the direct intervention of the woodworking indus- 
tries, and their insistence upon a proper appreciation of the 
fact that woodworking has now perforce been driven into the 
engineering ranks. 

Meanwhile it is possible to say something more or less definite 
about the progress which has been made during the year in de- 
veloping woodworking machinery along engineering lines. 

In the first place, there can be no doubt as to the trend of de- 
sign of woodworking machinery. It is toward inbuilt electric 
motors, rendering each machine self-contained. In the same 
way one may note a trend toward the adoption of multiple- 
operation machines, while frequency changers are being more 
and more used to give machines the advantage of both high- 
and low-speed operation. This practice is becoming more and 
more common in connection with shaping, grinding, jointing, 
and (some types of) planing machines. 

Another new departure is to be found in the gradual invasion 
of the field by tools driven by compressed air, and some newly 
designed shapers and routers so driven are being successfully 
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exploited. The primary cost of compressed-air operation is 
greater than where electric current is used, but the maintenance 
cost is sufficiently lower to offset this in most cases. 

The use of high-speed steel for cutter heads and milled knives 
is also developing, and in shapers, matching, and molding ma- 
chines cutting tools made of this material are rapidly replacing the 
older carbon-steel types. 

It is worth noting that the speed and accuracy of woodworking 
machinery are often underrated by engineers who are not closely 
in touch with modern mill developments. The fact that wood 
is a material relatively easily worked sometimes is allowed 
to obscure the equally important fact that woodworking machin- 
ery is keeping all the time a little ahead of its material and 
is constantly being adapted to closer, more accurate, and more 
rapid operation. Even if the factor of rapidity be left out of the 
picture, it is certain that all these developments make in their 
way for conservation of a timber supply already dangerously 
depleted. 

Turning again for a moment to this question of the supply of 
the raw material of woodworking—the timber itself—it is in- 
teresting to note that in addition to the movements mentioned 
at the beginning of this Report, others have been initiated by 
the lumber interests. Among these may be mentioned: 


1 Completion and adoption of the American Lumber 
Standards for softwood, thereby unifying sizes, grades, and 
shipping practice in respect of by far the greater part of all 
such lumber annually produced in this country; 

2 Steady development of hardwood grading standards; 


3 National waste-prevention contests, bringing out new: 


machinery, methods, and suggestions for preventing waste, 
using materials now being wasted, and improving the quality 
of the product from the log; and 

4 Adoption of a research program covering the properties 
and uses of wood. 
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Woop FINIsHEes 


In the domain of wood finishing, it is worth noting that th, 
use of nitrocellulose solutions (known as ‘“‘lacquers’”) in th 
place of varnishes has been steadily increasing during the pas 
year. More than half of all the furniture exhibited at th 
winter and summer furniture shows this year was lacquer-tip. 
ished. The difficult technical problems of applying thes 
new finishes to woods are gradually being worked out, and wood. 
workers are coming to regard lacquer as not merely interesting 
and novel, but as definitely valuable and advantageous whe; 
rightly prepared, applied, and managed. It is distinctly pleas. 
ing at this point to discover that one result of the growing 
interest in these lacquer finishes is to be found in definitely im. 
proved work in the sanding of wooden parts as they come from thy 
mill, in preparation for the application of the lacquer. Clean an} 
smooth sanding is necessary when lacquers are used, and of cours 
there are numerous other subsidiary advantages to the finisly 
product, flowing from this improved practice. 

The research into the possible use of tropical hardwoods 
reported here as part of the work of the Wood Industries Divis 
of the A.S.M.E., is being backed up practically by certa 
woodworking industries, which report trials, and in son 
cases adoption, of tropical hardwoods in place of domestic varie 
ties, but the subject is still in too indefinite a shape for mor 
positive comment. 

Plywood continues to find favor where strength and resisting 
power are factors, and the art of fashioning it continues ¢ 
become more exact, thus tending to the utilization of woo 
which otherwise in many cases have been wasted. 

The evolution of the wood industries into engineering ars 
proceeds steadily, and the place of the woodworking technician 
among the members of the A.S.M.E. becomes yearly mor 
thoroughly justified. 

Wa. Braw Waire, Chairman 
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Machines by Use of Direct-Connected 
Alternating-Current Motors 


By W. A, FURS DETROIT, MICH. 


the progress of woodworking machine-tool development. 

This mutual and coordinated progress has attained results 
almost undreamed of a few years ago. The aim of both the 
builder of machine tools and the builder of electrical equipment 
has been to coordinate their efforts with the greatest economy 
and the highest utility, and, with but few exceptions, the in- 
dividual electric drive of machine tools has met the demands of 
the most progressive and exacting ultimate users. 

For an example, let us take an individual machine, such as a 
molder or planer and matcher. If this machine were belt-driven 
there would probably be a countershaft connected with a main 
lineshafting, or a single motor coupled to the countershaft, and 
also the necessary belt running from the countershaft to the ma- 
chine and the necessary belts on the machine which would take 
care of the cutter heads and the feed of the machine. Old- 
timers are familiar with the maintenance required for the belts, 
pulleys, bearings, etc. of an installation of this character. We 
all know that with the belt drive there is a limit to the operating 
speed as determined by the permissible linear speed of the belt in 
feet per minute. We know also that to obtain the best results 
on a finished surface it is desirable to have the greatest number 
of knife marks per inch length of material. To obtain the most 
desirable number of cuts with a belt-driven machine it is neces- 
sary to assume a maximum belt speed of possibly 5000 to 6000 ft. 
per min., and also to use a cutter head having a large number of 
knives. Any operator who has had the task of setting up and 
grinding knives on a cutter head appreciates what is required 
to set and grind a knife head of this character. 

An advantage which may be gained by using direct-connected 
motor drive—that is, a built-in individual motor on each cutter 
head, and in addition a motor on the feed—is the possibility of 
using a cutter head with fewer knives and of running the motor 
at a higher speed than attainable by the use of a belt drive. 
Further, with the use of individual motor drive it is possible to 
operate any one head individually, allowing the other head to 
remain idle. Another decided advantage is that if the work 
becomes jammed in the machine the cutter head will auto- 
matically stop, because of the overload protection on the motor, 
which latter may be arranged so that jamming or other trouble 
on any one cutter head will immediately stop all cutter heads and 
the feed mechanism at the same time. This is impossible in 
the case of a belt-driven machine unless the belt slips off or 
breaks. As to the class of work accomplished, if the belt is loose 
enough to slip it means that the tool or cutter head will slow up 
when it is passing over a hard spot in the material, whereas the 
flectrie motor will have a tendency to maintain practically a 
“onstant speed at all times and give the same finish over the whole 
length of the material. 

Up to the present time the standard alternating-current motor 
With a full-load speed of approximately 3500 r.p.m., operating 


j Manager Engineering Division, Westinghouse Electric & Manu- 
acturing Company. 
2 ontributed by the Wood Industries Division and presented 
Y * meeting of the Metropolitan Section of the A.S.M.E., New 
ork, February 24, 1928. 


Tie electrical industry has continuously kept pace with 


on a 60-cycle circuit has been applied to the cutter heads on the 
above-mentioned machine. To increase the production of the 
plant it is quite possible and feasible to take the standard motors 
which were normally designed for 60-cycle service and increase 
the frequency and voltage of the main circuit in direct proportion 
so that higher speeds may be obtained on the cutter heads. 
Under this condition, assuming that the feed remains the same, 
we should obtain a greater number of knife marks per inch length 
of material, and thereby obtain a smoother surface. However, 
by increasing the speed of the cutter head and the feed at the 
same time we are able to increase the production of the machine 
in a direct ratio with the speed of the cutter head and in accord 
with the class of work desired. By this is meant that if a high 
grade of finish is desired the cutter heads should be increased in 
speed but the feed should remain the same. However, if the 
same results are desired as are being obtained under present 
conditions the feed should be increased in the same proportions 
as the speed of the cutter head. 

The following information will be of interest to those desiring 
to increase the production of their machines, using motors 
direct-connected to the cutter heads. 

The feed motor may be designed for four-speed operation 
with approximately a 3 to 1 ratio, that is, having a high speed of 
approximately 1800 r.p.m. in four steps, giving respectively 
1800, 1200, 900, and 600 r.p.m. 

When we speak of the ordinary standard alternating-current 
motor we at once think of a motor operating on a 60-, 50-, or 
25-cycle circuit. By ‘cycle’ in alternating current we mean 
that the current builds up from zero to its maximum, and returns 
to zero again and then does so in the opposite direction for the 
succeeding half cycle. There are two alternations for each cycle. 
By the number of cycles—that is, 60, 50 or 25—we mean the 
number of complete cycles per second. In other words, in a 
60-cycle circuit there are 7200 alternations per minute. To 
obtain the various speeds, the motors are built with different 
numbers of poles. In practice these run in multiples of 2, from 
2 to the upper limit of 18. For the smaller-sized motors it is 
not desirable to have a large number of poles as it makes the 
cost prohibitive because of the considerably greater amount 
of labor and material required in winding. 

As the speed of an alternating-current motor is determined by 
the number of poles of the motor and the frequency of the supply 
circuit, this can be expressed by the following formula: 


R.p.m. = - = 
N N 


where f is the frequency of the line and N the number of poles. 

The high-speed motors are of the same simple construction as 
standard squirrel-cage motors. They consist (Fig. 1) of two 
main parts, namely, the stator or stationary part and the rotor 
or rotating part. The speed of these motors ranges from 3600 to 
18,000 r.p.m. 

Up to the present time 18,000 r.p.m. has apparently been the 
highest speed required in commercial practice; however, it is 
quite feasible to obtain higher speeds, and motor manufacturers 
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are prepared to quote on such motors as special applications. 
By referring to Fig. 2, the speeds for 2-, 4-, 6-, and 8-pole motors 
at various frequencies can be readily noted. For example, a 
2-pole motor operating on a 120-cycle line will run at 7200 
r.p.m., or operating at 200 cycles the same motor will have a 
speed of 12,000 r.p.m. 

The speeds as given on this chart are the synchronous or no- 


Fic. 1 STANDARD SQUIRREL-CaGeE Motors 


load speeds. The drop in speed of an induction motor from no 
load to full load, or the slip, is proportional to the amount of 
resistance in the rotor or rotating circuit. As the starting 
torque of the motor is directly dependent upon the amount 
of slip of the rotor, it can be seen that for various applications 
the slip of the motor should be different, and therefore the full- 
load speed will necessarily be lower with the higher slip. In most 
cases it is very easy to figure the full-load speed from the curve, 
knowing the slip. In the standard motor the slip is usually 
from 2 to 5 per cent, but where the starting conditions are se- 
vere, small motors may have a slip as high as 10 per cent. This 
probably would be an exceptional case, and the motor would 
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Fic. 2. Speeps at Various FREQUENCIES 


only have this high percentage of slip when the starting torque 
was very high. Assume, for example, that a motor has a slip 
of 5 per cent and a synchronous speed of 7200 r._p.m. The full- 
load speed would then be 7200 r.p.m. minus 5 per cent of 7200 
r.p.m. or 6840 r.p.m. 

In this class of high-speed motors the ratings are all based on 
a continuous duty, with a temperature rise of 40 deg. cent., and 
the motors are designed to operate at various frequencies, 
depending upon what speed is desired up to certain limitations 
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for the particular size employed. For the larger sizes, such 
as those used on molders or planers and matchers, 6000 r.p.m 
at 100 cycles apparently is the maximum speed at which ;: 
would be desirable to run the cutter head. For the smaller. 
sized motors, where a smaller cutter head is used, such as op 
spindle shapers and carving machines, higher motor speeds may 
be obtained in proportion. By referring to Fig. 3, at the righ. 
hand columns B and C, it will be noted that the voltage vari 
at the different frequencies given in column A. In the cas 
110-volt motor operating at 120 cycles, it would require 143 
volts at 180 cycles, and when operating at 60 cycles, 55 volts 
If the motor is designed for 220 volts and 60 cycles, the values 
column C should be multipled by four. However, if the motors 
designed for 440 volts at 60 cycles, column C should be mul: i; 
by eight. It can readily be appreciated that at 100 cycles ths 
would give approximately 756 volts at the motor. Ur 
this condition of operation it would be desirable to change : 
motors over from 440-volt connection to 220 volts at 60 
and then have them operate at approximately 396 volts at li 
cycles. However, if it were desired to operate the 440-y 
motors at 60 cycles to a speed of approximately 4800 r.p.m 
SO cycles, the voltage then would rise only to approximate 
584 volts. 

For any conditions which arise on this subject wherein th 
motors in use are to be operated at higher frequencies 
subject should be referred to the manufacturers of the electrics 
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Fic. 3 RELATIONS OF AN IN! 
Frequency GENERATOR CONNECTED To A 60-CycLe ( 


equipment for their comments and recommendations 
stated above, in some cases the present motors may be ope™®* 
at the higher frequencies and voltages without any change ¥™ 
soever in the connections of the motors. 

By referring to columns B and C of the chart, at 300 cycle * 
motor designed to operate at 110 volts and 200 cycles woule * 
erate at 168 volts and 300 cycles, while the motor designed fr 
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yolts and 120 cycles would have to operate at 275 volts and 300 
eycles, and if it had been designed for 220 volts and 120 cycles, 
it would operate at twice 275 volts, or 550 volts. Because of the 
necessary insulation required for this voltage and the restricted 
space available on these comparatively small motors, it is de- 
sirable to keep the voltage as low as possible. This requirement 
is to a certain extent governed by local conditions in the operating 
plant, and it is highly desirable in all cases to get the recom- 
mendations of the motor manufacturer for the various voltages to 
be used. 

Probably the majority of the motors employed in the wood- 
working industry have 2, 4, 6, or 8 poles. The synchronous 
speed of an alternating-current motor is obtained by dividing 
the number of alternations per minute by the number of poles. 
For example, consider a 2-pole motor operating on a 60-cycle 
cireuit; 60 cycles is equivalent to 7200 alternations per minute, 
which, divided by 2, gives a motor speed of 3600 r.p.m. Since 
amotor may not have less than two poles, 3600 r.p.m. is therefore 
the maximum speed which can be obtained on a 60-cycle source 
of supply. Therefore in order to obtain higher speeds it is 
necessary to increase the frequency, or the number of cycles per 
second. 

There are several methods of obtaining high frequency for 
operating high-speed motors. Probably the simplest one is by 
utilizing the induction frequency changer. This consists es- 
sentially of a standard wound-rotor type of alternating-current 
motor with certain modifications in the design so that it will give 
the proper voltage at any predetermined frequency. It can 
only be used where alternating current is available, irrespective 
of the frequency of the incoming line. The fundamental theory 
of this generator is such that it has virtually the same character- 
istics as an ordinary transformer. 

If we take a standard alternating-current wound-rotor type 
of motor, pass a 60-cycle current through the stator and hold the 
rotating element in the stationary position, we can obtain 60 
eyeles from the rotor. By making certain changes in the winding 
of the rotating element we can also obtain any desired voltage. 
Under normal conditions, when the motor is operating at syn- 
chronous or no-load speed, there is practically no frequency 
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generated in the rotor circuit. Therefore, if the rotor is revolved 
in the opposite direction from which it would revolve as a motor, 
there will be generated in the rotating element a frequency 


WDI-50-2 3 


above 60 cycles, and a certain voltage, depending upon the 
speed. 

Fig. 4 shows at what speed a given rotor type of induction 
motor, revolving in the opposite direction, will have to be driven 
in order to obtain any given frequency. As an example, assume 
that it is desirable to obtain 120 cycles from a 60-cycle circuit. 
By referring to column A and following the 120-cycle line to the 
right until it intersects the 4-pole-motor curve, and then dropping 
down the vertical line which intersects the frequency line at right 
angles, we find that this motor would have to be driven at 1800 
r.p.m. in the opposite direction. Therefore, by using a 4-pole 
generator direct-connected to a 4-pole, 60-cycle, squirrel-cage 
motor, a complete motor-generator set for obtaining 120 cycles 
is obtained. 

Again, let us assume that it is desirable to obtain 120 cycles. 
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It is understood that 1800 r.p.m. is the most desirable speed for 
driving a squirrel-cage motor operating from a 60-cycle source of 
supply. Following the 180-cycle line in column A until it inter- 
sects the 8-pole curve, and then down the vertical speed line, we 
find that this machine can also be driven at 1800 r.p.m. The 
same induction frequency generator could be wound to give 180 
cycles at either 99 volts or 165 volts, depending upon the class of 
service desired. In general, in order to obtain a higher number 
of cycles the induction frequency generator will require a corre- 
spondingly higher number of poles if it is desired to direct- 
connect it to one of the standard squirrel-cage motors. Hence it 
may be observed from the curve that a 16-pole, 60-cycle generator 
would be required to obtain 300 cycles by using the standard 1800- 
r.p.m., 60-cycle motor. 

Fig. 5 shows the comparative sizes of both generator and motor 
for any kilowatt output. The required capacity of the motor and 
the induction frequency generator are given in percentages of 
generator output. For example, assume that it is desired to 
generate 100 kw. at 120 cycles. Following the 120-cycle line 
until it intersects the curve, and then on the horizontal line to the 
left of the intersection, it will be noted that the generator ca- 
pacity will be 50 per cent and that of the motor, 50 per cent. 
Consequently in this case the generator will take 50 kw. from the 
60-cycle line, the combined sum of the two always equaling the 
total kilowatt output. Again, assume that it is desired to have a 
100-kw. output but at 2000 cycles. Following the 200-cycle line 
until it intersects the curve and then on the horizontal line to the 
left, it will be observed that the generator will take 30 kw. from 
the line and the motor 70 kw. 
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For any given size of generator the power input is the same 
irrespective of the kilowatt output at the various frequencies. 
The kilowatt output from the generator is directly proportional 
to the increase in speed, and it is necessary for the motor to 
supply the additional power required to drive the generator at the 
increased speed. In other words, assume that we have a motor- 
generator set of 10-kw. output at 120 cycles. As stated above, the 
power input of this generator from the 60-cycle source of supply 
will be 50 per cent of the output, or 5 kw. The motor will supply 
the additional 5 kw. of the output as mechanical power at the 
generator shaft. 

Supposing it is desirable to generate 180 cycles, this same gen- 
erator will still take 5 kw. from the source of supply, but the 
kilowatt output will be increased in direct proportion to the speed 
required to obtain the 180 cycles, or by referring to the curve, 
it will be found that the excitation of the generator at this point 
of the curve will be 33'/; per cent, the motor supplying 66*/; 
per cent. In this case the excitation from the line is 5 kw. or 
33!/3 per cent of the output. Therefore the output of the ma- 
chine is 15 kw. It should be remembered, however, that these 
figures are theoretical, and in practice it will be found that the 
output will vary somewhat, depending upon the efficiencies of 
the driving motor and the generator itself. 

If by any chance the operator happens to have only direct 
current available, it is necessary to use a direct-current motor- 
generator set, and in this case the generator would be of the al- 
ternating type. The motor-generator set would have the same 
characteristics as the induction-frequency-generator set; that is, 
the generator output will increase proportionally to the speed, 
but it is necessary to increase the size of the motor to supply the 
additional mechanical energy required at the higher speeds. 

In the event that it is desired to obtain two different frequencies 
with the alternating current available, it is necessary to use a 
two-speed alternating-current motor. As an example, assume 
that 180 cycles and 120 cycles are desired. From Fig. 3 we note 
that by using a standard 1800-r.p.m. 60-cycle motor, an 8-pole 
generator will be required to generate 180 cycles. The same 
curve shows that the 8-pole generator will have to be driven at 
900 r.p.m. in order to generate 120 cycles. By referring to Fig. 2, 
it will be found that with a 60-cycle source of supply, a 4-pole 
and 8-pole motor would be necessary to obtain 1800 and 900 
r.p.m. This pole combination can be taken care of on a single 
squirrel-cage motor. Such motors can be designed for combi- 
nations of 2 and 4 poles, 4 and 8 poles, and 6 and 12 poles, to give 
the two different speeds required. 

In some cases the standard 60-cycle control may be used on the 
higher frequencies without any change whatsoever. However, 
the electrical manufacturer should be told of this change to as- 
certain whether the various parts may be used for the higher 
frequencies. The same general principles of control will apply to 
the motors operating on the higher frequencies as those used on 
60-cycle service. 

It can readily be appreciated that with a combination of the 
induction frequency generator and the various pole combinations 
on the motor, a range of speed for any particular type of machine 
may be obtained. 
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Discussion 


C. Fatr.?. Engineers who have kept in close touch with ele. 
trical developments for industrial purposes will agree with th 
author that the electrical industry has “kept pace with th 


progress of woodworking machine-tool development.” It 
however, not so evident that either the woodworking-machiner 


manufacturer or the woodworking industry as a whole has show 
any very marked tendency, until recently, toward taking ai. 
vantage of these developments. In the last few years compet. 
tion has become so keen in the wood industry that it has brougl; 
about many new developments in woodworking machinery «& 


well as changes in existing tools. 


The design of many of the newer machines depends largely upo 


the direct-connected or built-in motor obtainable for practical) 
any speed required. 

It is interesting to note the influence of the electric motor i 
machine development. At first the motor was used mere! 
as a means of breaking up that type of long-distance lineshai 
drive where the shafts were driven from one to another, fror 
building to building, and from floor to floor. From the ver 
beginning it was found that the breaking-up of long lineshai 
transmissions resulted in a saving of power sometimes as muc! 
as 60 to 80 per cent. Because of the great saving in power dw 
to breaking up long mechanical transmissions the saving of power 
was looked upon as the principal advantage of the electric driv 

Short shafts driven by motors or group drives were advants- 
geous because they allowed a better grouping or arrangement 
of tools, irrespective of the location of the main lineshaft. 

Individual drives at first were found advantageous prince: 
pally for large tools remotely located. As the demand gre 
for larger tools the individual motor drive became a necessi' 
partly because of the advantages of the adjustable-speed motor 
partly because of the necessity of placing them where they cou 
be better served by cranes, and partly because of the powe 
required to drive them. 

For some time, however, the saving in power cost has bee 
looked upon as a small part of the saving in productive cos 
since the power cost for the majority of industrial plants fas 
within 1'/; to 3 per cent. The saving of 50 per cent of powe 
cost would mean an actual saving of */, to 1'/2 per cent of th 
productive cost. Labor costs are roughly 50 per cent of tl 
productive cost, therefore a saving of only 15 per cent in laber 
cost would mean an actual saving of approximately 7!/. per cet! 
It is therefore obvious that rapid-producing machines and laber 
saving devices are of the greatest importance. The frequen 
changer and high-speed motor form one of the means by whi! 
production can be increased. 

The electrical manufacturers, and the manufacturers of hig 
speed machinery particularly, should carefully consider 
merits and benefits of standards for frequencies and voltag® 
above the 60-cycle range and not, as has been done by some 
the machine builders, try to establish arbitrary standar 
which in the long run cannot help but react unfavorably. 


2 Chief Engineer, Baxter D. Whitney & Co., Winchendon, Mass 
Mem. A.S.M.E. 
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The purpose of this paper is not to disclose the details of any one 
process, but rather to furnish a glimpse of the industry as a whole, 
and in particular that part of the industry using wood fiber, and con- 
sequently standing timber, with its relation to the Northwest, its 
present extent of production and consumption, and its hopes for the 
future. 

A picture of the continental, and in fact the world production 
and consumption, is given, together with a glimpse of our popula- 
tion and rate of growth. There is also a short description of the 
diferent processes used. In the latter part of the paper a few of the 
points in a mill where waste occurs are enumerated, and means for 
avoiding at least part of these wastes are suggested. 


made paper from rags. As late as the year 1810, while 
we had 200 mills, they made but 3000 tons of paper 
per year, of which 500 tons was newsprint. 

Canada built her first mill in 1880, but the industry did not 
develop largely there until after 1900. 

In fact, wood pulp has been largely developed as a paper source 
since the days of the Civil War, and in 1869 we find that while 
the country had 677 mills they used only 2000 cords of wood 
during the entire vear. So we see that our use and development 
f wood pulp has been during the last 60 years. Progress has 
been phenomenal, and it is a matter of public knowledge that 
wood pulp in some form is now used for the production of news- 


[). first paper mill was built at Philadelphia in 1690, and 


print, wrapping paper, glassine paper, explosives, roofing, 
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clothing, imitation silks (Rayon), wall board, car wheels, paints, 
ete, 

A study of the consumption of papers of different kinds in 
diferent sections of the country reveals some interesting con- 
ditions, such as the fact that newsprint is consumed in quantities 
Varying with the literacy of the population. Also, general paper 
Consumption will vary with the volume of industry and its re- 
sulting use of wrappings and advertising. 

These facts give the West Coast a high cons mption per capita, 
due to the high percentage of English-speaking people and high 
educational standards. 


Consulting Engineer. 
contributed by Oregon Section and presented at the Seattle 
qeeting, Seattle, Wash., August 29 to 31, 1927, of Toe AMERICAN 
SOCIETY OF MECHANICAL ENGINEERS. 
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The Pulp and Paper Industry and the 
Northwest 


By C. C. HOCKLEY,! PORTLAND, ORE. 


POPULATION 


In 1930 we may estimate the population of our continent as 
140,000,000. This has been a growth in the United States from 
38,000,000 in 1870, when our wood-pulp era may be said to have 
started, to 75,000,000 in 1900, when Canada began to contribute 
pulp, and to 115,000,000 in 1925, when Newfoundland began its 
larger developments. 

Alaska has reached the day of its development, as has British 
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Columbia and our Western States, and this last frontier will by 
1930 be contributing paper to our continental population of 
140,000,000. To complete the picture of our populations, and 
therefore our users of paper, we must remember that the world 
looks to us for its future supply, and while we will have about 
140,000,000 population on this continent the world population 
will be about 1,750,000,000, and we find that our continent with 
8 per cent of the world’s population is and will be using over 50 
per cent of its production. (See Figs. 1, 2, and 3.) 

While estimates are but guides, at best, it seems logical to as- 
sume that the other 92 per cent of the world’s population, outside 
of North America, will later on demand more paper of all kinds 
than we can supply. 

ConsUMPTION 


The people of the United States are the world’s best customers 
at present, and in 1926 our consumption of over 10 million tons 
of paper products gave us the staggering consumption of 175 
pounds per capita, while of newsprint alone we used 3,500,000 
tons in 1926, or about 60 pounds per capita. 

But these high consumptions of paper are not general through- 
out the world as we may see by the following figures, and while 
we, as users of all kinds of paper, consume about 175 pounds per 
year per capita in the United States, Great Britain uses only 
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about 80 pounds, Germany 45, and Russia 5 pounds per capita. 
Fig. 1 shows our increase in annual per capita consumption 
of all kinds of paper from 75 pounds in 1900 to 175 pounds in 
1926. An increase in newsprint consumption from 3 pounds per 
‘apita in 1880 to 60 pounds in 1926 indicates a growing consump- 
tion per capita, and we would surely be conservative if we as- 
sumed the present rate of consumption for future estimates. 


PRODUCTION 


But what has taken place in the way of production during these 
mad years of climbing consumption? 

The United States staggered along until about 1913 with a 
newsprint production equaling her consumption and then, with 
our first realization of wasted forests and searcity of raw material 
in the East, Canada came to the rescue and we find that, while 
the United States’ production of newsprint has increased from 
1,300,000 tons in 1913 to only 1,600,000 tons in 1926, Canada’s 
production has increased from 300,000 tons in 1913 to almost 
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1,900,000 tons in 1926, and the entire production of both coun- 
tries has practically all been consumed on this continent. (See 
Figs. 1, 2, and 3.) 

Our continental productions of newsprint for February, 1927, 
as reported by Trade Associations, confirms the figures given 
above and were as follows: 


Canada 150,773 tons 
}.S. A. 121,318 tons 
Newfoundland 14,250 tons 
Mexico 1,250 tons 
Total 287,591 tons 


A study of the charts, which show population, per capita 
consumption, and production may answer some of the questions 
as to over-production, and we find that our difficulty in the future 
is going to be to keep up to consumption, without sacrificing our 
forests, and our final hopes are reforestation and fiee protection 
subjects too big to more than mention here. 


TRADE AREA 


Fig. 4 shows an estimated population, in the Western States, 
for the year 1930 (based upon the increase in population from 
1900 to 1920), while the shaded area shows the territory which is 


competitive or advantageous and reached by either rail or 
water from pulp and paper mills in the Northwest. 

To the population of 17,000,000 in 1930 in the twelve States 
which are the legitimate trade territory of the Northwest, one 
must add an estimated population of British Columbia and 
Alaska of 1,000,000, making a total of 18,000,000, and Secretary 
Hoover in a San Francisco address predicted that the year 1959 
would find a population of 30,000,000 west of the Rockies. 

The East Coast is reached by a water freight rate which makes 
it competitive territory, and the Orient offers the Northwest 
the untouched and undeveloped hordes comprising half of the 
world’s population—all looking to us for future supply. 
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This population in our Western trade territory (18,000,000 
gives us an estimated consumption of 1,500,000 tons of all kinds of 
paper in 1930, as against a consumption of 1,200,000 tons in 1926 

There are 41 mills in Washington and Oregon making an 
annual production of 1,000,000 tons of pulp and 800,000 tons of 
paper and board. 

This means that by 1930, without going either to the East 
Coast or to the Orient, we will be able to sell on the West Coast 
an additional 700,000 tons of paper per year, or 2335 tons per 
day. 

In addition, we have still open, as legitimate markets for our 
products, the Southern and Eastern ports, on at least a com- 
petitive basis, and the Orient with favorable freights from the 
Northwest. 


PuLte Woop 


The following figures taken from Government sources are es- 
sential to an understanding of our raw-material supply: 

It is estimated that our original stand of merchantable timber 
was about 5250 billion board feet in the United States, of which 
2750 billion remains (1250 billion west of the Rocky Mountains 

In addition to the above merchantable timber figures it 1s es- 
timated that on the continent we have about 1750 billion board 
feet of timber (without using any of the waste from the mer- 
chantable timber) suitable for pulp. This would give us about 
2500 million cords, but as much is inaccessible, and as it is an es 
timate only, we should not use a figure of over 2000 million cords, 
and a very conservative estimate reduces this amount to as low a8 
1000 million cords. As the United States used in 1926 about 
10 million cords, we have an apparent wood supply for 100 years 
at our present rate of consumption, and without considering 10- 
creased population, increased per capita consumption, or any 
new use or export business. 

We should not, however, feel that wastes can continue, and 
should learn a lesson from our experience in the Eastern part of 
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WOOD INDUSTRIES SECTION 


the United States where the one time ‘boundless forests’ have 
almost disappeared. 

A sound reforestation plan is our only safe program. 

The hysterical statements which indicate a boundless supply 
of wood, as well as an attitude which would not allow full produc- 
tion to the limit of our ability to consume, should be avoided. 

Just a word as to our pulp wood supply in the Northwest, and 
still leaving out the wastes from merchantable stands: 


British Columbia has about 42 million cords 
Alaska, which may be considered as all pulp 
wood, about 


United States, west of Rockies, about 


100 million cords 
500 million cords 


rotal 642 million cords 
This supply can take care of our entire continental consumption 
on our present basis for 60 years, and would be a perpetual sup- 


ply § reforested 


hx ONOMICS 


In a study of the economics of our situation we need not 
be frightened by talk of freight rates, cost of wood, costs of 
power, 8 iles costs, ete., because it is after all not a question of the 
cost of any one item which will decide the result as to profit and 
loss but is the sum total of costs of the product delivered to the 
consumer, and in this respect the Northwest stands in a position 
second to none 


] 


This completes our survey of available wood, possible markets 


and our Northwest's possible share in the industry's deve lop- 


ment, and the facts stated indicate that we have the opportunity 
to meet a world need in production; that we need not rover- 
produ and th if we are ! iti ¢ nom Iv sound position 
! ndividual n ll has ms ow! ( 
Pre ES 
As in the preceding paragraphs of this paper, the discussion 
will | mited to those processes using wood as their raw mate- 
rial, and such valuable pulp sources as straw, rags, bagasse, 
cane, ete., will not receive treatment 


With small variations we find that practically all of the wood 


pulp is made by one of the four following processes: 


1 Ground wood or mechanical process 
Sulphite process 
Soda process 


3 
4 Sulphate process 


Fibers, as made by any one of the above processes, may be 
combined and formed into a sheet of paper, the quality of which 
will depend upon either the species of wood used, or the degree 
of refinement used in its manufacture. 

Mechanical Pulp is so called because it is produced by holding 
the log or block under pressure against a revolving grindstone. 
The stone tears the fibers from the block and the result is “ground 
wood.” Fig. 5 illustrates one type of grinder used for this work. 
Mixed with water, the fibers are screened and refined and form the 
basis of newsprint paper (75 to 85 per cent) and also the bulk of 
boards and papers requiring no particular strength or fineness 
of texture, 

Sulphite Process. This process is a combination of mechanical 
and chemical treatment of wood, the block or log being reduced 
to as nearly a uniform chip as possible, these chips then being 
treated or cooked in a closed digester under steam pressure. 

The solvents, with which the chips are “cooked” are a bi- 
sulphite of lime and sulphurous acid, and, following the cooking, 
the dissolved matter as well as the solvents are washed out, 
leaving the fiber only. 

No recovery of the chemicals is made by this process, except 
that of the gases which are relieved during the cooking process. 


The same screening and refining of the pulp is used in this 


process as in making mechanical pulp. 


Soda Process. This process differs from the sulphite process 


principally in its use of an alkali (soda) as a solvent and in the re- 
covery of its chemicals by a system of evaporating, burning, and 
leaching. 

Sulphate or Kraft Process. Like the soda process, this is a com- 
bination process. Chips and a solvent of sodium sulphate (salt 
cake) are employed, and this process also has an elaborate re- 
covery system for reclaiming its chemicals. 

Any one of the processes, or their modifications, will make a 


Fig. 5 MaGazine Grinper UsSep IN THE PRODUCTION OF 
MercHANICAL Pup 


fiber, and the choice of process will depend upon the species 
of wood available, power available, kind of paper or pulp desired, 
ete. 

From the standpoint of vield per cord, the mechanical process 
produces more wood pulp, as it merely uses the entire block, 
shredded, while any chemical process, although giving a longer 


and stronger fiber, loses all of the dissolved material and produces 


only about one half as much wood pulp per cord. 


Wastes AND How To Avorp or RemMepy or THEM 


The discussion of wastes in a manufacturing industry often 
leaves out of consideration the losses or wastes which result in 
failure of the concern. Before taking up the losses of fiber in 
the pulp and paper industry the author would mention the 
losses due to management, incorrect design, and equipment. 
A proper cost system would doubtless reveal most of the follow- 
ing, which for lack of a better name may be termed general 
losses : 
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General Losses. Low production often occurs as a result of 
bad design, poor construction, unbalanced equipment, or break- 
downs, and generally a large proportion of the manufacturing 
costs continue regardless of magnitude of production. As an 
example, a sulphite-pulp mill with a capacity of 40 tons per day 
produces but 30 tons. Its cost per ton at the mill is, say, 36 
dollars, of which the raw material will amount to 16 dollars, 
leaving a balance of 20 dollars per ton, which in the case of 40- 
ton production would decrease to 15 dollars. In other words, 
5 dollars per ton has been wasted in administration, taxes, de- 
preciation, labor, ete. 

Labor. During periods of low production, labor is wasted. 
In well-run newsprint mills the labor required will run down as 
low as about one man per day ton, but in many cases two or more 
men per day ton are required. This is an economic waste, 
since surely our prosperity depends upon the largest production, 
of good quality, possible per man. 

Turnover costs are difficult to ascertain, and whether replace- 


Fic. 6 Tumpuinc BarrELs, on BARKING Drums 


ment costs 25 or 500 dollars per man will never definitely be 
known, although it cannot be doubted that it is an expense and 
results in decreased production. 

The outstanding reasons for the use of fewer men are: 

(a) Improved design of mills, with consequent proper routing 
of processes and materials. A good example is the use now of 
pulp, in the paper mills, in what is known as “slop” form. This 
means the saving of pulp machinery, as well as men formerly 
engaged in forming the screened pulp into “laps,’’ storing and 
handling the laps, and then again reducing the laps to “slop” 
form at the paper mill. As the screened stock contains but one- 
half to one per cent fiber, the water must be removed in order to 
form the “‘laps.”” This is done by a partially submerged wire- 
screen cylinder revolving in a vat of the screened pulp. The 
water escapes through the screen (taking with it some of the 
finer fibers), and leaves a coating of fibers on the cylinder. This 
fiber is removed, pressed, and folded into ‘‘laps.”’ 

(b) Advancement in the design and capacities of machinery 
has reduced man power per ton, as is shown in the following cases: 
“Barking drums” (Fig. 6) replacing knife barkers have in many 
cases reduced the men required in the wood-preparing rc »m by 
50 per cent. Magazine grinders of large capacity also have re- 


duced the number of men required, as they require no more 
attention than the smaller types. 

The modern paper machine, with its width of as much as 284 
in., as compared with the 120-in. width of 15 years ago, and its 
speed of as much as 1500 ft. per min., as compared with 300 ft. | 
per min. 15 years ago, has boosted the output from 25 tons of : 
paper per day to from 125 to 150 tons per day—all with the same 
labor. 

Design. Aside from the question as to whether or not the mil 
location is an economic one, the number and size of units used 
the layout and arrangement of the different departments, thy 
synchronization of the different processes, and the handling of 
material, all will contribute to the success or failure of the project, , 
and correct design will assist in eliminating the wastes of bot 
construction and operation. Time for study before building, s 
step too often hurried, is as important as any one step in th 
development of this industry. 

Power. Power losses assume a conspicuous place in the surv: 
of wastes, due to the fact that they are so large a proportion 
total costs of manufacture (15 to 25 per cent), but often they ar 
not realized, and in many cases are hard to locate or comput 
An example of this difficulty is the existing cases of a pulp-and- 
paper mill which generates its own steam power in two differen 
boiler houses; generates electrical energy in one of the boiler| 
houses; generates energy by means of water wheels direct con | 
nected to machinery, and purchases electrical energy from a loca 
public utility. To complicate the problem, the purchased as wel 
as the generated electrical energy is used in both plants, and o 


occasions the power generated acts as a stand-by service for t! 
utility company. The correct distribution and the correc 
charge for power are almost impossible of solution, and the 
gineer in the larger boiler house may perhaps be forgiven for 
reporting an efficiency of 108 per cent when it is discovered that b 
uses as fuel both coal and wood-room refuse, neither of whichis 
weighed or analyzed as used. 

The day has arrived for public utilities, and is fast approaching 
for pulp and paper mills, when efficiency will be the order in t! 
power department and the wastes will be the criterion by whic! 
the success of the company may be gaged. 


The losses due to incorrect design or construction of furnace 


are not only reflected in the repair bill but result in either t! 
wastes of an excessive flue gas temperature or a high carbon cor 
tent of the ash. 

Money expended for soot blowers is not a waste if they sai 
fuel or avoid shutdowns, nor is the outlay for superheaters 
better boilers if they result in higher efficiencies, lower repai’ 
bills, and possibly the generation of sufficient power with the 
cost of both steam and electrical energy reduced. High pressure 
and superheat permit high-pressure turbines to exhaust. in 
low-pressure mains and digesters. A higher cost per steal 


generating unit results, but there is a saving in the number 
units, amount of labor, repairs, power costs, etc. 

Failure to provide for a system returning all condensate to th 
boiler house results in the use of more makeup water, more [ut 
and more labor, which is truly a waste. Proper insulation 
steam lines and digester, although much discussed, rarely # 
completely achieved. The cost of lubricants does not represet! 
the only waste due to the use of poorly designed drives, po | 
bearings, ete.; again more labor, shutdowns, and more pow 
result. The purchase of bearings by price and size results ! 
waste. 

The practice of driving many machines from one line shi 
results in waste, as there is usually continuous operation of pat | 
of the equipment, and a loss of power, excess consumption © 
lubricant, extra labor, etc., accompany the maintenance of the 
line-shaft equipment. | 
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WOOD INDUSTRIES SECTION 


Fiber Wastes. Since wood-pulp costs and consequent paper 
costs are made up largely (15 to 50 per cent) of the cost of wood, 
considerable time and study should be given to avoiding its 
waste. For the purpose of this paper, the problem will be taken 
up at the wood-preparation department, and will not consider 
the statements, perhaps hysterical, of wastes in logging operation. 

One cannot expect to use black knots or rot in pulp; therefore, 
there will always be an apparent loss from this source, because 
all such defects must be cut out, and the operation always carries 
with it the discard of a certain amount of the good fiber. This 
waste, however, may be reduced to a minimum through care on 
the part of the knife barkers, and by using barking drums where 
possible. It is now history that the tumbling barrel or barking 
drum reduces the waste from about 20 per cent to 6 per cent. 
This figure applies to small wood as found in Eastern Canada, 
and will not be accurate for larger woods. The waste material 
from the above operation is burned, but the heat value is barely 
sufficient in most cases to consume the refuse, due to moisture in 
the bark, and certainly the good wood sacrificed is a total waste. 
This waste has resulted in the development of bark presses which 
squeeze out the water and leave the bark with a possible fuel 
value above that needed to evaporate the water contained. 
The correct solution of this problem is to reduce the 20 per cent 
to about 6 per cent, and burn or waste only the bark and such 
knots or rot as have no fiber. 

Logs received at the mill weigh, or at least the railroads charge 
for a weight of, 7500 Ib. per thousand board ft. log scale. 

It is generally considered that one board foot log scale weighs 
about 7500 lb. and this is finally resolved into the following 


fienu 
ngures 


Lumber 3700 Ib 
Sawdust 2300 Ib 
Refuse 
Bark 750 Ib 
b) Waste Wood 750 Ib 
rotal 7500 Ib 
lhis may be assumed to give, where large Western woods are 
used, a weight of 6000 lb. as prepared for the pulp mills; an 
amount equal to about 1.6 cords, not considering the waste wood 
or bark 
his figure also compares with the average weight of 3800 lb. 


of a prepared cord of wood in Eastern Canada or Eastern United 
States. But it is found that one cord of prepared wood (3800 
lb.) per ton (2000 Ib.) of ground wood is required, and roughly 
two cords of prepared wood per ton of chemical fiber. It cannot 
all be waste, but what has become of the 1800 Ib. of prepared wood 
which disappears in making a ton of mechanical pulp, and the 
5600 |b. which disappeared in making a ton of chemical pulp? 
The following may be considered: 

(a) Moisture will make up perhaps 30 per cent of the total 
weight of wood having a dry weight of 2660 lb. per prepared 
cord. Also, there is a loss in making a ton of ground wood of 660 
lb., or 33 per cent, all of which is either lost in slivers, sawdust, or 
in the fibers lost in the white water. 

(6) Of the two cords used in making a ton of sulphite there 
would remain, after deducting 30 per cent moisture, a weight of 
5320 lb. of dry wood, and from this is finally secured 2000 Ib. 
dry weight of chemical pulp. 

Chemical analysis, however, shows that only about 50 per cent 
of the weight of most species of wood is cellulose so 50 per cent 
may safely be eliminated except for the recovery of by-products. 

Deducting matter other than cellulose there remains 2660 Ib., 
and from this is produced but 2000 Ib. of chemical pulp or cellu- 
lose. Again there is a loss of 33 per cent during the process of 
manufacture. The operations causing a part of this loss will be 
mentioned, 


Wood-Preparation Losses. In making the chips, unless the 
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knives be kept sharp, slivers are made which are either thrown 
out or, if cooked in the digester with the uniform chips, are not 
reduced to fiber and pass to waste as screenings. Slivers may 
account for as much as 2 per cent of the prepared wood. Saw- 
dust made in the preparation of the chips will amount to about 
3 per cent of the weight of the prepared wood, and much more will 
be wasted if the knives and crushers are not kept in condition. 
This is all waste, except for possible fuel value. It is notoriously 
true that slivers are hard to refine, and the tendency is to burn 
them or dump them in the stream and hope that they will 
disappear. 

Grinding Losses. In the mechanical-pulp process the nature 
of the grinding and the variation in the character of the wood 
makes it impossible to avoid the production of slivers. The 
quantity may, however, be reduced by attention to the surfacing 
of the grinder stones, careful regulation of the pressure, and care 
in keeping the pockets of the grinders filled. 

The character of the wood also affects the amount of slivers 


hic. 7 Tyee or Fittration Apparatus DesiGNED To ELIMINATE 
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from a chemical cook, although care in the preparation and uni- 
formity of the chips have much to do with the result. 

Pulp Washing Losses. After the pulp has left the digesters, 
in the case of chemical pulp, and before screening, it must be 
washed and all chemicals removed. At this point large wastes 
occur as the pulp is drained through perforated plates while 
being washed with a large amount of fresh water. If the per- 
forations through which the wash water drains be large, or the 
pulp be forced through by the action of hose or other washing 


systems, the loss is very great and the escaping fiber is either 


discharged into the river (sulphite process), or is burned during 
the recovery of the chemicals (sulphate process). 

Waste sulphite liquor will amount to about 2000 gallons per 
ton of pulp. Attempts to reclaim fiber in the wash liquor from 
the sulphite process have been made, and by-products such as 


alcohol, glue or size, tannin and turpentine have been secured. 
The waste liquors have also been neutralized and the water 
partially evaporated (Robson process) and the residue used for 
road binder, or if further experiments so indicate it may be 
used as fuel. 


These efforts at economy are in the early stages of develop- 
ment and are well worth while, but care should be taken to see 


that the fiber is removed from the wash water by careful main- 


tenance and operation of the blow tanks, diffusers and blow pits. 
Screening Losses. The pulp from the digesters, like that from 
the grinders, is screened. It passes first through a knotter, which 


removes the knots and large slivers, and later through the 
fine screens which remove the too coarse fibers. 


These processes are almost always accompanied by a large 
loss of the good fiber which adheres to the coarse material, or is 
carried away in the wash water, and irregular cooking or lack of 
control of chemicals increases the amount of fiber lost. 
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The rejected material from these operations is sometimes 
refined and again screened, but as this fiber usually is discolored 
or is dirty from the knots and rot, the final answer is the rejection 
and waste of the major part. 

Students of the subject state that the waste of fiber in the 
white water should not exceed 3 per cent of the weight of pulp 
nor over 1 per cent of the weight of prepared wood. 

Conversion Losses. After the stock is screened it is ready for 
the paper mill. Usually, however, the mill is located elsewhere 
or is not ready for pulp, in either of which cases the pulp is con- 
verted into lap form and stored or shipped. In this process 
fiber is again lost on the evlinder which removes the water. 

With the passing of the pulp to the paper mill it is found that, 
although there is but one place in which any loss should occur, 
and although the white water from this source (paper machine 
wet end) can be used again in the beaters, screens, ete., still there 


are losses or shrinkage about as follows: 


Wrapping-paper manufacture to 10 per cent 
Newsprint-paper manufactur / to 12 per cent 
Tissue-paper manufacture 10 to 15 per cent 
Book-paper manufacture 10 to 1S per cent 


The cause of these losses is often the use of surplus water in 
which fiber is discharged to the sewer with the white water. 
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Save-alls of both the s dimentation and filtration types haye 
been developed to a high state of efficiency (95 to 98 per cent 
and they offer a solution for the white-water troubles, as wel! 4s 
a return in dividends. Fig. 7 shows a type of apparatus for this 
purpose in common use. 

The items in which other wastes may occur are of an inti 
variety and cannot possibly be mentioned in an article of this 
kind. We return, therefore, to the best solution of the prolilem 
offered to date, namely, the recommendation that time ence! 
be given for careful study before starting the mill and th 


tice of eternal vigilance in operation. 
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Lacquer and Varnish Films 


A Study Revealing a Definite Similarity of Failures, Pointing Out the Problems Calling for 
Research Work and Discussing the Development of a Clear Lacquer to Withstand 
Outside Exposure on Wood 


By PAUL 8S. KENNEDY,! NEWARK, N. J. 


“A Study of Varnish and Lacquer Finishes Exposed to Ac- 
celerated Breakdown Tests,”’ the author stated that assome of 
the results attained were more indicative than conclusive, the 
investigation would be continued. Accordingly the outstanding 
points of the work have since been checked and further supple- 


I A PAPER presented at the 1926 Annual Meeting entitled 


mented by some normal exposures and by practical assistance 
from wood cabinet manufacturers. As the investigation pro- 
ceeded some interesting points developed: 

1 The ultimate failure of lacquer and varnish films was found 
to be surprisingly similar. It was positively demonstrated that 
these failures could be distinctly classified and recognized, and 
their causes clearly defined. 

2 It was found that there was a general lack of understanding 
among those actually engaged in wood finishing as to the exact 
causes for these failures, and that it would be desirable to explain 
any basic similarity between the compounding of varnish and 
lacquer, and to detail the reasons for failures. 

3 The comparative behavior of varnish and lacquer films 
indicated the desirable qualities to be incorporated in lacquer 
films, and suggested the lines of research to be pursued in order 
to overcome existing deficiencies. 

4 The failure of clear nitrocellulose films, particularly out 
of doors, when exposed to the ultra-violet rays of sunlight, sug- 
gested the development of a filter for these destructive rays; either 
by achemical agent or the development of a base other than nitro- 
cellulose, which would give the desirable drying qualities of lacquer. 

5 The failure of all nitrocellulose-base materials on outside 
exposure on wood suggested the development of a material to 
meet this condition which would have lacquer-drying qualities. 

Most of these topics will be recognized by both the research 
man and the man of practical experience as worthy of comment. 
In view of the experience gained by the author through 
personal interviews, it appears desirable to him to present 
what follows in a popular rather than a too technical manner, 
sacrificing absolute accuracy in some cases to the end of a clearer 
understanding. 


1 Fracrure Famtures or Lacquer AND VARNISH FILMS 


The fracture failures of lacquer and varnish films may be 
definitely classified as (a) cross-checks, or temperature checks, 
(b) humidity eracks, (c) plasticizer or overcoating cracks, and 
(d) old-age cracks. 

a—Cross-checks are caused in lacquer just as they are in 
varnish—by exposure of the films to a decided drop in tempera- 
ture. In both types of film these cracks run at right angles to 
the direction of the grain of the wood. Fig. 1, a typical macro- 
photographic illustration of this failure, shows this very clearly. 
The nature of cross-checks in lacquer varies with its flexibility. 
The more flexible the lacquer, the wider and deeper the cross- 
checks. The less flexible or “more gummy” the lacquer, the 
more closely they approximate the typical “hairline” varnish 
temperature crack. 


' Vice-President, Murphy Varnish Co. 
d Presented at the National Meeting of the A.S.M.E. Wood In- 
ustries Division, Grand Rapids, Mich., October 17 and 18, 1927. 


A temperature crack on a lacquer film remains permanently 
visible. With certain types of varnish, temperature cracks ap- 
parently close up again when normal temperature is restored. 

b—Humidity cracks are just as definite in their formation as 
temperature cracks. They are caused by a swelling force of the 
wood sufficient to break the film, and the fracture is always 
directly with the grain of the wood. Once a lacquer film is 
fractured with a humidity crack it remains as a permanent de- 
fect. With certain types of varnish such cracks often apparently 
close up again, when the swelling of the wood abates. 

Two very excellent examples of humidity cracks are shown in 
the accompanying macrophotographic illustrations. One failure 
occurred on a straight-grained wood panel (Fig. 2); the other, 
on an oval-shaped grain (Fig. 3). It will be noted that in both 
cases the cracks follow the contour of the grain. 

c—Plasticizer cracks, as they are termed by the lacquer 
specialist, or overcoating cracks, as they are designated by one 
familiar with varnish, are caused by a condition of case-hardening 
of the film. The softer underneath portion of the film exerts 
a pressure on the crusty top surface, which finally fractures it. 

This crack is typical and resembles a hook, or a hairpin with 
one side broken. After the initial failure the defection continues 
and the hooks join up, so that in many cases a replica of a popular 
type of metal paper clip is reproduced. Figs. 4 and 5 show, 
respectively, this type of crack in its first stage and in its fully 
developed state. 

d—Old-age cracks are, as their name indicates, the ultimate 
deterioration of a film through the simple process of wearing out. 
They are found more frequently with varnish than with lacquer, 
and while they resemble overcoating cracks to some extent, they 
are generally much smaller and more rounding and their incep- 
tion is usually in a “crow-foot”’ formation. Fig. 6 is a typical 
illustration of the old-age crack. 


2 Basic Simivarity oF Lacquer AND VARNISH 


Basically speaking, lacquer and varnish are surprisingly similar 
in the way they are compounded. The popular nitrocellulose 
type of lacquer is composed principally of soluble cotton, gums, 
thinners, and plasticizers, while varnish is composed of vegetable 
drying oils, gums, thinners, and driers. 

The plasticizer content of lacquer and the drier content of var- 
nish can be eliminated from the consideration of the film in 
general, because both are present in minor amounts for incidental 
purposes. 

A plasticizer is usually a non-evaporative liquid, which is a 
common solvent for gums and cotton, and its purpose is to main- 
tain a lasting union between these two ingredients; while at the 
same time imparting a certain amount of elasticity to the film. 

The driers in varnish are usually compounds of lead, manganese, 
or cobalt, and their purpose is to hasten drying by stimulat- 
ing the oxidation of the oils. 

Both lacquer and varnish contain thinners. Admittedly 
these thinners differ in their chemical composition but upon 
exposure to the air, in both cases, they should evaporate cleanly. 
Obviously they can be eliminated from any consideration of the 
resultant film in which we are interested. 
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The next point in common is that both materials contain gums. 
These gums may vary in their constitution, but their purpose is 
identical. In each case they are used only to give hardness, 
fullness, and luster. The higher the gum content in a varnish, 
the better its luster and fullness, and the more brittle its film. 
The same is true for a lacquer film 


Fic. 1 MacropHoToGrRaPH TyPIcAL OF Cross-CHECKS OR TEM- 
PERATURE CRACKS ON VARNISH AND ON Easy-RUBBING TyPrEs 
oF LACQUER 


how a material which dries so rapidly can be flexible or durable. 
The answer, of course, is that it is the chemical nature of nitro- 
cellulose to have these qualities when properly deposited in a 
film, and that this can be accomplished simply by the evapora- 


tion of its solvents. 


The physical nature of ultimate varnish and lacquer films, 


Fic. 2 MacropHoToGRAPH OF A LACQUER Fitm Typicat or Humip- 
ITY CHECKS ON STRAIGHT-GRAINED Woop 


Fic. 3. PxHorocrary oF Humipity Cracks oN Coms-GraINED Woop SHOowING How FRAcTURE CONFORMS WITH THE GRAIN OF THE W00D 


Hence the only basic difference between a varnish and lacquer 
film is that the varnish gets its elasticity from an oil which must 
undergo a time reaction of oxidation to produce desirable hard- 
ness; whereas lacquer obtains it from nitrocellulose which only 
requires the evaporation of the thinners in order to harden. 

Many old-time varnish users will bring up the question as to 


however, is a very vital point. A crude explanation would be 
that varnish dries to a “plastic” film; whereas lacquer dries to 4 
“tight” film resembling a drum head. 

Under normal conditions, a varnish film will “live’’ as long a8 
it can consume oxygen. The drying of varnish is a phenomenon 
of combustion. As long as the oil 1s unsaturated or still able to 
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absorb oxygen, life remains. When it can no longer absorb 
oxygen its plasticity disappears, because it literally “burns up,” 
and then deterioration sets in. When a lacquer film ‘‘sets’’ it 
is, to all practical purposes, dry. Actually, there is a residue of 
solvents in the film which gradually dissipate as the film ages. 
This brings up a vital point. 

As oil dries it increases in weight, by the simple absorption of 
oxygen, and a “‘live”’ varnish film can be said to be always in- 
creasing in volume as long as it can absorb oxygen. Conversely, a 
lacquer film isconstantly decreasing in volume, or ‘tightening up.”’ 

A lacquer film is much tougher, or stronger than a varnish 
film. If pressure is exerted on a varnish film its impulse is to 
yield to such force, and continue to do so up to the limit of its 
flexibility. On the other hand, a lacquer film will resist, and 
continue to do so until fractured. 

With these distinctions in mind we can consider the four 
fracture failures previously mentioned more understandingly. 

Cross-Checks or Temperature Cracks. Wood is quite unique 
in its behavior toward temperature change. Although it expands 
and contracts across the grain, it is immovable or stationary with 
the grain. When a wood surface coated with a film of finishing 
material is exposed to a radical drop in temperature, the film of 
course contracts in all directions. Across the grain the wood 
moves in harmony with the film; but longitudinally we have the 
condition of a moving film cemented on an immovable surface. 
If the contraction is severe enough the film must break. This is 
why the fracture is so clean across the grain of the wood. 

As indicated in the previous explanation, when this action 
starts varnish yields readily, because of its plasticity, and if it 
be a fairly elastic type it has resilience enough, when the tem- 
perature again becomes normal, to return to its former state as 
far as the eye can see. The tight, resistant lacquer film is 
ruined, however, for it remains as a permanently visible defect. 

Humidity Cracks. Wood is sensitive to atmospheric changes 
and has somewhat the nature of a sponge in its thirst for moisture 
at certain periods of the year. Spanning the cold, dry days of 
winter and the hot, humid days of summer, it is not unusual for 
wood to vary in moisture content from 5 to 16 per cent. 

When wood is first finished, it is desirable to have its moisture 
content as normally low as possible. When it is able to absorb, 
say, 10 per cent additional moisture, the result is of course a 
proportionate increase in weight and volume. This results in 
swelling, and the movement is across the grain of the wood. 

In the case of open-grained woods the “high-lights”’ push them- 
selves upward, and this gives the illusion that the finishing ma- 
terial is sinking into the pores. It is common among finishing- 
material users to misunderstand this, at such time that the 
finishing material is “shrinking” on their work. The action 
is really the opposite of shrinking, and if the pushing up and 
outward force of the wood is sufficient to strain the finish- 
ing film, it will be fractured. Of course in this case the crack 
must be directly with the grain of the wood. Just as in the case 
of “cold-checking,” the varnish film yields to this force almost 
at once, and even if finally fractured, in many cases, apparently 
“closes up” later on. 

_ A lacquer film resists very strongly, but if the force is sufficient 
it snaps beyond recovery. 

Plasticizer or Overcoating Cracks. The term “overcoating 
cracks” has been handed down from the old days of varnish, 
when linseed oil was the only drying oil available, and varnishes 
were very heavy-bodied and strongly charged with metallic driers. 

If the varnish worker was not careful or was too lazy to brush 
out these hard-working varnishes, it was comparatively simple to 
apply such a thickness of film on the work that it would dry 
sufficiently hard on the top of the film to exclude oxygen from 
the underneath portion. The under part of the film would thus 


be in a more or less mushy state. As time went on, particularly 
with temperature changes, this difference in elasticity between 
the soft under portion of the film and the crusty upper surface 
eventually had to result in the cracking of the top surface. 

With the advent of China wood oil this possibility of over- 
coating cracks was further increased, because it is the natural 
tendency of this oil to dry very rapidly and at the point of least 
resistance, namely, the upper surface, where the supply of oxygen 
is most available. This tendency of China wood oil is taken 
advantage of in making the so-called ‘crystal’ or “‘alligator’’ 
finishes in common use on optical, radio, and electrical instru- 
ments. This commercial finish is a typical example of true over- 
coating cracks. 

When these failures occur in lacquer they are called plasticizer 
cracks. Their cause is exactly the same as with varnish, i.e., 
the film has dried harder on the top than it has underneath. As 
explained above, a plasticizer is often a non-evaporative or non- 
drying liquid; and if a lacquer is not properly formulated, the 
use of an over-balanced amount of this ingredient leaves a softness 
underneath the top of the hardened film which must eventually 
result in checking upon continued exposure to heat. 

Old-Age Cracks. These need little explanation. In the case 
of varnish, the complete oxidation of the oil renders the film no 
longer resistant to moderate torsion. In the case of lacquer it 
practically means inability to contract further, or a tightening 
down of the film. 


3  DesiraBLe Qua.ities TO INcoRPORATE IN LacqueR Fitms 


From the practical user’s standpoint it would be desirable to 
remedy the deficient “bodying-up” or “building” properties of 
lacquer as compared with varnish; further, it would be obviously 
desirable to incorporate more of the plastic nature of a varnish 
film in a lacquer film. 

Inasmuch as varnish possesses both of these desirable qualities, 
the logical thing to do would be to endeavor to amalgamate 
the two in such a manner that the relatively poor plasticity and 
the poor building qualities of lacquer would be improved by 
varnish, but at not too great a sacrifice in drying time. 

The principal stumbling block to this, however, is the fact that 
nitrocellulose is antagonistic to unoxidized drying oil. But if 
the basic ingredient of varnish could, by a preliminary treatment, 
be rendered compatible or miscible with nitrocellulose, it would 
be a step toward solution. Through research this has been 
accomplished, and there is now available a lacquer with building 
qualities superior to those of high-gum content lacquers and of 
equal ease of rubbing, plus a highly desirable toughness. 

This finish has the objection that it is more sensitive to ab- 
normal conditions than straight nitrocellulose lacquer, and not as 
adaptable to extreme speed in coating and rubbing, day in and 
day out. Its dryness and hardness under normal conditions, how- 
ever, are quite similar, and to all intents and purposes it is quite 
applicable to anything except extraordinary production schedules. 

This type of ‘“‘varnish-lacquer” occupies an unique position 
with regard to other fast-drying finishes, for in order to get the 
same toughness with a straight nitrocellulose lacquer it would 
be necessary to make a tremendous sacrifice of building qualities 
and ease of rubbing. 


4 Synruetic Lacquer Resistant TO ULTRA-VIOLET 
Rays or SUNLIGHT 


To the finish manufacturer a “lacquer” is a finishing material 
which dries quickly to a hard film. Unfortunately, the popular 
conception of lacquer is that it is a nitrocellulose-base material. 
The tin decorator has been using varnish materials which bake 
hard in a few minutes for a great many years, and he has always 
called them lacquers. Then there are Chinese and Japanese 
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“lacquers” and also solutions of gums in alcohol which have been 
termed “lacquers” for years. Obviously none of these contain 
nitrocellulose. So when the term “lacquer” is now used here, 
it does not necessarily refer to a material of nitrocellulose base, 
but rather to almost instantaneous drying qualities. 


Fig. 4 OvercoaTiInG or PLasTicizeER CHECKS IN THEIR First 
STaGe—TuHe Hook CHECK 
(The large white section is a place where the film was shaved down to 
further examine depth of cracks 


Fic. 5 OvercoaTING oR PLASTICIZER CHECKS IN THEIR FINALLY 
DEVELOPED STAGE—THE Loop CrAcK 


It is well known that nitrocellulose in the clear form breaks 
down very rapidly under the ultra-violet rays of sunlight. Win- 
dow glass is a good filter for ultra-violet rays, so the problem 
of durability of a clear lacquer film is an out-of-door problem. 

There would be three logical solutions for this problem: 
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First, to introduce a soluble chemical into a nitrocellulose film 
which would act as a filter for the rays. Another would be to 
partially replace the solid contents with an ingredient which in 
itself is a good filter, so as to partially reduce the effect. A third 
would be the production of an entirely foreign basic material 
which would deposit a satisfactory and durable film not affected 
by the ultra-violet rays. 

Much work has been done on the first-mentioned method, 
but with very little satisfaction. Aniline-base ingredients have 
shown some promise, but the better of them discolor the film. 

The second method has been employed successfully to some 
extent by the combination varnish-nitrocellulose type of lacquer 
previously commented on for wood-cabinet work, but in a more 
elastic form. 

Vegetable oils are ultra-violet-ray filters of the best type, 
and the employment of a pretreated varnish in the combination 
has already given good results by greatly increasing resistance. 
At present only laboratory data are available upon which to 
predict ultimate results, but there is a fleet of taxicabs in New 
York, which have now been in service for over six months, 


Fic. 6 TypicaL or O_tp-AGE CRACKS 


with a coat of clear varnish lacquer over colored lacquer on their 
bodies, and there is as yet no sign of failure. It is believed, 
therefore, that this material will work out in practice much 
better than accelerated-weather laboratory tests would indicate. 

But even this promising advance for outside exposure has the 
disadvantage that although the endurance “‘on wood” out of 
doors is greatly improved, it is not nearly as good as that of 
varnish “on wood” out of doors. 

This would make it necessary for the research man to develop 
the third-mentioned possibility, namely; a material which can 
be deposited in a film, will dry like a lacquer, will resist the ultra- 
violet rays of sunlight, and will stand up on wood out of doors 
at least as well as varnish does. Such a product has been de- 
veloped, and fortunately it is miscible with nitrocellulose, 
provided it is desired to combine the two for any reason. 

An idea of this material may be gained from the following: 
Imagine a chemical reaction for the synthetic production of 
amber or copal which can be arrested at a point just before 
hardness so that a permanent, flexible, non-sticky material re- 
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sults. Upon exposure to ultra-violet rays of sunlight, instead 5 Syntruetic Lacquer MatTertaL ror Work Stussecr To 
of breaking down, an exactly opposite reaction occurs. A film Ovutpoor Exposure 


of this material is rendered more and more inert chemically, so that And now we come to the most interesting point of all to wood- 
it approaches insolubility, even in solvents in which it was origi- workers. This synthetic material retains its plasticity per- 

: manently, so that it yields, as the most elastic varnishes do, to 
the severe and unequal contortions of wood surfaces. 

There has never been a nitrocellulose-base lacquer in the clear 
or pigmented form which would stand satisfactorily on wood. 
Wooden panels coated with pigmented lacquer made with this 
synthetic material have been compared with the best automobile 
pigmented lacquers, at seashore points in Florida and Massa- 
chusetts, and have now had over a year’s exposure. All the nitro- 
cellulose finishes broke down in a few weeks. The panels of this 
base material, however, are still intact. 

The greatest possibilities for such material are in the cabinet 
industry, for when all is said and done, strictly nitrocellulose- 
type lacquer does not stand up satisfactorily on cabinet work. 
Manufacturers have had too many instances of humidity cracks 
appearing on work even before it left their factory. 

This promising new material would be impractical for rubbing, 
as formulated for outdoor service, but it is now in the stage of 
being proved practical for cabinet work with necessary modi- 
fications. Its promise is not so much in improvement over 
present types of nitrocellulose lacquers for cold-checking as 
it is in alleviation of the costly mischief due to humidity checking, 
by providing flexibility. 

It is also possible with this material to build a film on work 
which more nearly approaches that of varnish, than do nitro- 


.F SHE 7 "ERY LE Sp: Is 
Ft ANEL Finishep with Very Durasie Spar cellulose lacquers of highest gum content. A comparison of 
Note the breaks with humidity checks at upper end. This panel was ° 
on Figs. 7 and 8 will indicate its wonderful possibilities. Fig. 7 


Fic. 8 Panett FrinisHep WITH THE OvutTsipe Lacquer, Exposep SIMULTANEOUSLY WITH PANEL OF Fic. 7 


rticularly the shadow indicating the extent to which this unsealed panel warped. Note also entire absence of fractures. The ragged edge at 
caused by the slot in which panel was fitted on exposure back.) 
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nally dissolved. The film gets clearer and brighter as it gets older. shows the film result of a most durable spar varnish after six 
The ultimate film will be one similar to the one predicted last months out of doors, exposed at an angle of 45 deg., and Fig. 8 

year by Mr. Silverstein in a very able paper—a chemical film this new material exposed alongside of it. 

Which will be developed on the work itself. Notice in particular that the exposure of the spar varnish is 
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on a close-grained hardwood—maple—and that of the new ma- 
terial is on a filled, open-grained wood—walnut. Also, that the 
spar varnish panel was sealed on the back and all sides. The 
new material was applied on a panel with absolutely no sealing, 
as is plainly indicated by its extreme warping. Its film, after 
this most severe test, is absolutely intact and hard as bone, 
despite its obvious flexibility. 

The field of wood finishing with quick-drying finishes is so 
unscratched that these possibilities for such radical developments 
exist. With the problems and possible methods of solution so 
clearly outlined to the research man, it is not surprising that 
such an advance should have taken place in this relatively short 
period. Its further success, of course, is directly dependent upon 
cooperation afforded by the consumer, particularly with regard 
to suggesting practical refinement to the developed production. 


CONCLUSIONS 


1 Varnish- and lacquer-film failures on wood are identical 
in so far as fractures are concerned. The same physical causes 
produce the same effect in each. Each type is easily and defi- 
nitely recognized. 

2 Varnish-film fractures may return to their original state, 
as far as the eye can see. Lacquer-film fractures do not. 

3 A study of cracks shows them to be detectable under the 
microscope in approximately three-quarters of the time before 
they become macroscopic. 

4 There is a decided basic similarity in the compounding of 
varnish and lacquer. 

5 Varnish dries to a plastic or yielding film. Lacquer is a 
tight film. This is because a varnish film is always increasing 
in volume; whereas a lacquer film is decreasing. 

6 The ordinary commercial type of easy rubbing nitro- 
cellulose lacquer is not suitable for durable service on any kind 
of woodwork. 

7 Humidity cracks are readily possible with nitrocellulose- 
base lacquers. If good building and easy rubbing properties 
are insisted upon, improvement for this condition in cabinet 
work is possible in three ways: 


a The use of a finish employing elastic lacquer for under- 
coats and varnish for top coats 

b The use of a combination “‘varnish-lacquer” product 

c The use of a lacquer with a synthetic plastic base. 


8 The term “lacquer” should refer only to quick drying and 
hardness; never to the materials from which it is made. 

9 It is possible to produce a synthetic lacquer material which 
is resistant to the ultra-violet rays of sunlight out of doors. 

10 It is possible to produce a synthetic lacquer material 
which will resist the workings of wood, both in and out of doors. 


Discussion 


W. K. Scumipr.? In the furniture industry the action of 
finishing materials is uppermost in the minds of every maker of 
furniture. The technical researches that have been going on in & 
public way or among manufacturers, chemists, and the like, 
have never been published for the simple reason that we have 
felt that the readers could not understand it. It is a pitiful 
admission at best, but the fact remains that such a paper as this 
can be understood by our practical foreman finishers. 

Here in Grand Rapids we claim to have made the first nitro- 
cellulose finish in Bissell’s carpet-sweeper factory. We used 
cotton, ethyl acetate, and wood alcohol and made a finish out of 
nitrocellulose. It has been the dream of the practical foreman 


2 Grand Rapids, Mich. 
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finisher to obtain something that would give him at once a clea; 
solution. From the clear solution that was then obtained we 
were able to make a finish which was then known as “Kaiser 
Gray Finish.” 

During the World’s Fair at St. Louis there was exhibited the 
most beautiful grade of maple that ever came to this country 
We tried a year to duplicate it and finally succeeded in finding 
that this had a nitrocellulose finish. I have stated before that 
out of all of this activity in the field of wood finishes there will be 
evolved a new finish that has for the furniture industry the ad. 
vantages of a varnish. 


C. M. Bicetow.’ Is the oxidation of varnish an advantage 0; 
a disadvantage in finish? 


Tue Avutuor. It is a disadvantage, because ultimately jt 
must result in its losing its life. It is the natural procedur 
of its function, ‘“‘breathing.’”” When it can no longer ‘‘breathe, 
when the oil is saturated, we get complete oxidation and ii 
ceases to live. 


Sern Mapsen.‘ Is this new synthetic lacquer applied with 
a brush or spray? 


Tue AvutHor. To all physical appearances it is the sam 
as lacquer; it looks and smells like lacquer, because the same 
solvents are employed. It is therefore necessary to spray it ur 
less especially designed for brush. I have baked it at 400 deg 
for thirty minutes, and in that form have put it in boiling water 
and it will resist it for an hour and a half; that is the longes 
I have tried it, without forming any blister. It gets hard. |i 
does not tend to soften under heat. It is produced by cooking 
under high pressure and temperatures. 


O. M. Dunton.’ What causes the bleeding or cracking « 
pigment lacquers, especially the vivid colors, as red, and als 
what causes the pigment lacquers to flake off on rather sharp) 
rounded edges? 


Tue Avutuor. Those are both problems of formulation. The 
reason for the bleeding is probably the reds you had and ths! 
lake colors were employed; these colors are particularly solubi 
in lacquer solvents. The reason for its coming off a sharp edgt 
is a matter of formulation, too much cotton and too little gum 
Gum is quite essential to the anchorage of pigmented lacquer 
cotton is not a very good adherent. Flaking is usually due 
assuming the metal surface to be plain, to too high content 
nitrocellulose. The first type of wood lacquer was not particr 
larly satisfactory for the reason that you could get under a fret 
film with a knife edge and strip it off. That was overcome |) 
the addition of gum. The same thing applies to silver lacquet 
where the sole object is to protect from tarnish when on displs) 
in stores. That contains practically no gum and has no adhese! 
to speak of, but when you come to put lacquer on brass, or a0y 
thing to stand some resistance, you will have quite an apprecia)! 
content of gum, so it is really the gum that gives the adhesie 
and a high content of nitrocellulose is very apt to impair its # 
hesion. The only thing I know that will prevent bleeding #! 
coat of shellac mixed with aluminum. It will ruin the color, bi! 
it is the only method I know of that will be at all effective 
stopping bad bleeding. Over bronze a considerable amov!! 
of gum can be put in for interior exposure. 


* President, Bigelow, Kent, Willard Co., Boston. Mem. ASME 

4 Mechanical Engineer, Curtis Cos., Inc., Clinton, Ia. Men 
A.S.M.E. 

* American Seating Co., Grand Rapids, Mich. 
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Improvements in Handling Methods in the 
| Woodworking Industry 


' Power-Driven Transfer Cars—Traveling Cranes for Serving Kilns—Monorail Carriers for 
Handling Packaged Lumber—Electric Lift Trucks—Elevators for Inter-Floor Material 
Handling— Disposal of Wood Waste—Various / yplications of Conveyor Systems 
By R. K. MERRILL! anv G. H. RODERICK,? GRAND RAPIDS, MICH. 


and their manufacture into boards or sheets of veneer, the 

handling methods vary greatly according to the character of 
the timber tracts. As several papers have been published by 
the Society touching on these methods, no attempt will be made 
here to cover that subject, and the authors will therefore con- 
sider handling methods only in that portion of the woodworking 
industry which starts with the purchase of boards from the lum- 
ber mills and sheets of veneer from the veneer mills, or what 
might commonly be called the wood-dimensioning and fab- 
rication industry. 

The methods of handling boards in the lumber yards of fur- 
niture and case-goods factories have been greatly improved during 
the past few years, resulting in a decrease in the number of han- 
dlings between the freight car and the dry kiln. The improved 


|: THE lumber industry, which comprises the felling of trees 


Fig. 1 Exvectrric TRANSFER CAR 


method is to load the dry-kiln cars at the freight-car door and 
provide yard trackage sufficient to take care of the stock of 
lumber, so that it is only necessary to move these cars on suitable 
tracks, transfer cars, cranes, etc., without the necessity of han- 
dling one board at a time. However, there still remain many 
lumber yards where the ground area is not sufficient, or the yard 
layout cannot be rearranged, to permit the carrying of the re- 
quired stock of lumber on kiln cars. A manufacturer of high- 
grade furniture in Grand Rapids has solved that problem by 
acquiring a piece of land a short distance from his plant and 
Providing a motor-truck semitrailer fitted with rails, which is 


ak Mechanical Engineer, American Seating Co. Mem. 


? Assistant Engineer, American Seating Co. 
Presented at the National Meeting of the A.S.M.E. Wood Indus- 
‘nes Division, Grand Rapids, Mich., October 17 and 18, 1927. 


used as a transfer car between the outlying lumber yard and the 
dry kiln at the plant. 


Power-DrivEN TRANSFER Cars 


The industry has lately been experimenting with power- 
driven transfer cars, driven electrically or by means of gasoline 
motors. Each of the two types has its own field, but where 
possible the electric motor seems to be the more economical 
unit, considering power consumption and maintenance (Fig. 1). 
There are many locations, however, where the gasoline motor is 
best suited on account of the lack of electricity, but in cold 
climates it must be watched closely to prevent freezing in the 
winter time. The use of direct current is of considerable 
advantage in starting heavy loads. as when several cars are being 
pushed into the dry kilns by means of the winding drum with 
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Fig. 2. TRAVELING CRANE 3000-Fr. 
PACKAGE 


which this type of transfer car is fitted. Where direct current 
is not available, the slip-ring induction motor should be used 
on this type of equipment. Individual motor drive on the 
winding drum and on the car gearing eliminates the clutch 
trouble experienced with single motor drive. 


TRAVELING CRANES FOR SERVING KILNS 


The use of the overhead traveling crane has up until the 
present time been avoided by the furniture industry on account 
of the cost of such equipment and of the building which houses 
it. There are certain cases, however, where such an outlay 
may be necessary. A crane of this kind was recently installed 
by the authors in connection with the expansion of the kiln- 
drying facilities in a Grand Rapids plant (Fig. 2). On account 
of the yard layout the ten kilns previously in use could not be 
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added to, and due to the fact that they were ‘‘cross-piler”’ kilns 
and that it was desired to install “end piler”’ kilns, which the 
authors believe to be more efficient for drying certain varieties 
of lumber, the new and old batteries of kilns could not be served 
by the same transfer car. In addition to this, it was necessary 
to permit a railroad siding to run through the building. The 
building was designed to permit the installation of a crane having 
a capacity of 8 tons. This is a standard traveling crane such 
as is used in machine shops, foundries, the steel industry, etc. 
The use of one 8-ton trolley was first considered, but the problem 
involved in properly balancing the load, which is rather bulky, 
so as to prevent the possibility of tipping over endwise and spill- 
ing the boards out of the package, suggested the employment 
of two 4-ton trolleys controlled separately. This method has 
worked out very well, and loads are being transferred with con- 
siderable speed and perfect balance without the necessity for 
handling any of the boards by hand. 


MownoralL CARRIERS FOR HANDLING PACKAGES OF PLANED 
LUMBER 


A similar use is being made in the same plant of an electric 
monorail carrier for handling packages of planed boards to the 
cutters’ benches (Fig. 3). These packages contain about 1500 
ft. or less, depending upon the kind of lumber, and are brought 
into the building on a tractor-drawn trailer in lots of one or 
two packages atatime. They are placed in storage in the proper 
location by the telpher, and are taken from there and carried to 
the cutters’ benches when wanted. This method has proved 
more economical of floor space than the use of industrial cars 
with a transfer car, as it allows the stock to be built higher, re- 
quires no aisle, and permits the moving of loads without the 
necessity for handling one board at a time. It is of course 
necessary that the building be constructed heavy enough to 
support the monorail track, but it so happens in this case that 
this track is installed on the ceiling of a very high first floor of 
what is intended to be a four-story building, so that it was not 
necessary to build extra strength into the floor in order to support 
the monorail. The average woodworking factory, unless pro- 
vided with a high first story, would probably find this method 
somewhat difficult, particularly the older type of mill-construc- 
tion buildings. 


Etectric Lirr Trucks 


Engineers in general are familiar with the remarkable savings 
which have been made through the introduction of conveyors 
in automobile machine shops, thus cutting down what Mr. Ford 
calls the “handling in making.’ At this point it is well to re- 
member that handling forms a larger proportion of the cost of 
woodworking operations than it. does of most machine-shop 
operations for the reason that the cuts are made rapidly and in 
quick succession. Very often it will prove economical to use 
the ordinary type of factory truck so that machine operators 
can shift a fresh load of stock to the machines without waiting 
for the regular truckers, who are hired for this purpose only. 
However, lift trucks, both hand-operated and electric-driven, 
have been used by the authors with some considerable economy. 
The electric lift truck (Fig. 4) usually requires a larger and higher 
platform than the ordinary hand lift truck, but this difficulty was 
met by building a platform on top of a hand-lift-truck base which 
would handle the higher platform needed for the electric lift 
truck, thus providing a bridge between the two types of equip- 
ment. The electric lift truck is used generally for the long-haul 
and between-floor movement of material. Short pieces of cut 
and ripped stock are handled best on the platform type of equip- 
ment. Maintenance of floor surfaces and of trucking equipment 
is less where this type of truck is employed than with the old- 
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style factory truck commonly used by the woodworking §in- 


dustry. 


ELEVATORS FOR INTER-FLOOR MATERIAL HANDLING 


In considering material-handling facilities, one should not 
forget the elevator for carrying material between floors. Many 
of the old woodworking factories are provided with the old- 
stvle belt-driven elevator which starts the load by shifting the 
belt. In some cases these elevators were driven from the main 
lineshaft, which latter piece of equipment has practically dis- 
appeared from the modern plant on account of the introductior 
of the electric drive. It has been the authors’ experience that 
the most modern elevator equipment possible within the limits of 
the money available should be provided in woodworking plants 
and that the cars of these elevators should be large enough t 
give plenty of room for all types of loads. It might be necessary 
to install cutting-up and dimensioning operations on an upper 
floor for some particular class of goods, and the large elevator 
car lends itself very well to this layout. Within the past nin 
vears the authors have seen elevator speeds increased from 4 
ft. per min. in the old plant to 150 ft. per min. in the plant com- 
pleted during the present year. Changes in elevator equipment 
were made a few vears ago giving speeds of 80 and 100 ft. per min 
but even the two 5-ton elevators at 150 ft. per min. last in- 
stalled do not seem to run fast enough, although they have beer 
in operation less than a year. These two units were designed 
for use with the latest switching equipment and are push- 
button-controlled with variable voltage control. Operator 
are eliminated and the trucks are operated by the electric-truck 
operators above referred to. In the last case, crating lumber 
is brought in from the lumber yard by gasoline or electric trac- 
tors, placed on the elevator and carried to the fourth floor, wher 
it is cut up by the swing saw at the crating operation. A smal 
elevator car would have prevented such an arrangement. 


GrovupinG oF Continvovus-FEED MACHINES INTO A CONVEYOE 
SYSTEM 

A considerable saving in handling is possible where contin- 
uous-feed machines can be grouped together so that their chains 
form a part of a conveyor system. The authors have on 
case in mind where two double end tenoners are placed end t 
end with a boring machine intervening and a shaper at the out- 
feed end of the last tenoner. The material is fed into the fire 
tenoner, and the man who does the handling between the tw 
tenoners also does the boring operation as he handles each piece 
The shaper men take their work from the last tenoner, and whe: 
they have finished the shaping operations, it is ready for sanding 
It was necessary to synchronize the machine feeds so that work 
would not pile up between them. Such an arrangement means 
saving in floor space and production time. The rearrangement’ 
of this battery of machines from its former location resulted i! 
the saving of about $3500 a year due to the elimination of machin 
feeders alone, without taking into account the item of floor space 

The introduction of the continuous clamp carrier has resulte 
in a saving, and while this is considered as a machine it is act ual! 
a conveyor. Most up-to-date woodworking plants are equippe 
with this device. There are several good ones on the marke! 
both hand- and power-operated, but for continuous producti 
the authors prefer the power-operated machine in the large 
units and the hand-operated one for small work. 


Disposat or Woop WasTE 


Any discussion of the handling involved in woodworking oper 
tions also brings up the question of the best method of disposint 
of the wood waste caused by these operations. That this is! 
large factor in the power demand in a woodworking factory * 
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Fic. Turee-Ton Monorait Carrier HAanpLING PacKaGes oF  FiG.4 Two-Ton ELectric Lirr Truck HanpLinc Woop Scoorrep 
PLaNeD LUMBER TO STORAGE AND TO CUTTING BENCHES SEATS IN PRocESS OF MANUFACTURE 


Fic. 5 Layour or Exwavuster Fans AND Dust CoLLectors ON Fic. 6 BorLer Room Furnaces Equiprep Screw FEED 
Roor oF WoopworkING Factory FOR SHAVINGS AND HoGGep 


Fig, 7 Conveyor ror Hanputna Stock Between SEVERAL 
SANDING AND INSPECTION OPERATIONS Fic. 8 Conveyor For DryinG STAINED PIEcES 
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proved by the following figures. In two factories producing 
about the same type of goods with which the authors are familiar, 
the power required to drive blowers producing the necessary 
draft for removal of shavings and dust was 25 per cent of the total 
power required to operate the factory, including conveyors, 
elevators, hot-blast heaters, etc. This figure was exceeded in 
another factory, where it was about 50 per cent, due to the nature 
of the work performed, the cuts being very light and the pro- 
portion of air moved to weight of shavings and dust being greater. 
In some woodworking operations, such as flooring mills, the pro- 
portion of power required for handling shavings would be less, 
due to the concentration of the machining operations in a few 
high-speed machines. In any case it is well worth the engineer's 
time to devote considerable thought to the layout of these 
blower systems. A large factor of safety is necessary for future 
expansion as well as continuous performance, and also because 
the character of the shavings has a bearing on the amount of 
friction introduced into the duct system. For example, a blow- 
pipe system, as it is called, might function perfectly on light 
sander dust, but would give trouble when machines producing 
coarse chips were connected to it. On the other hand, an over- 
powered system is wasteful, as it is usually necessary to operate 
it as a unit whether or not all of the machines connected to it 
are producing waste material. 

In the plant with which the authors are connected, it is the 
custom to offer for sale all of the end cuttings from the boards. 
It is cheaper to do this and buy coal to replace it as fuel, since 
this type of material is rather hard to fire by hand and requires 
too much power to reduce it to small pieces. The last-mentioned 
method, namely, the use of a shredder for reduction of rippings, 
small end cuttings produced by the machining operations, and 
plywood scraps to a size which can be fed into the blower system, 
has proved economical of handling and allows this type of ma- 
terial to be fed into the boiler furnaces without opening the 
furnace doors. The furnaces are fed by means of screw convey- 
ors feeding out of the bottom of a concrete bin where the shavings 
and crushed wood have been deposited. This screw feed has 
proved to be much more satisfactory than the older method of 
feeding directly out of the dust collector on top of the boiler 
house, for the reason that it allows the feeding to be governed 
automatically by controlling the speed of the engine driving the 
screws. A standard stoker control is used for this purpose. 
Excess air, which is often present when the shavings volume 
falls off suddenly in the factory and the fireman does not get 
a chance to regulate his blowpipe gates properly, is prevented 
from entering the boiler furnace with its damaging effect on the 
setting and tubes. The wood shredder is served by a standard 
fabric-belt conveyor similar to that used on coal, stone, etc., 
which brings small cuttings from the miter saws and similar 
machines to the shredder location. It has been found necessary 
to provide an operator on the shredder on account of the dis- 
astrous effects of large nuts, wrenches, and other foreign material 
which often find their way into the machine. Some of the ma- 
terial is also dumped down to the shredder location from the upper 
floors through a metal chute. Periodical inspection of the 
shredder—every six weeks—is necessary in order to dress up 
the hammers and grid, and keep everything in proper working 
order. At first it was the custom to feed used crating material, 
which had nails in it, through this shredder, but it was decided, 
after two or three experiences with fire, to burn such material 
by hand-firing methods where the nails could do no harm. 


HANDLING OF Stock BETWEEN SUCCESSIVE SANDING OPERATIONS 
BY OVERHEAD-TROLLEY CONVEYOR 


Where several operations are performed in succession, as in 
the sanding of wood parts, the overhead-trolley conveyor driven 


by a chain has been found satisfactory and to effect a considerable 
saving in floor space and handling (Fig. 7). All the machines 
in the layout are grouped around the chain conveyor, which has 
suspended trays hanging from the overhead chain. In this way 
quite a large group of men can be served with work without any 
delay and without the use of any hand trucks. After the stock 
has been routed and shaped, the inspector places it on the upper 
tray of the conveyor. The conveyor moves past the drum sand- 
ers, who remove the stock, perform their respective operations, 
and return the stock to the conveyor, this time on the lower tray. 
The conveyor then passes the spindle-sanding operation, where 
the stock is removed, spindle sanded, and placed on trucks to he 
taken to the staining operation. This conveyor dispenses with 
all trucking operations between routing and spindle sanding, 
keeps stock moving, thereby cutting down stock in process, and 
eliminates congestion. 

The production of plywood parts involving the use of « hy- 
draulic press, together with cauls held under pressure by clamps, 
has required the use of some method of storage and handling t hese 


cauls. In the furniture trade the cauls are quite large and weigh 


close to one ton each. It is a common practice to handle these 
_on factory trucks. Our experience covers a period of about 15 
years, during which this operation has been improved, starting 
out with old-style strap clamps held by steel wedges driven in by 
hammering, and handled on common two-wheeled warehouse 
trucks. The first improvement made was the substitution of 
a new press and clamps of the I-beam and turnbuckle-retainer 
type. The press was arranged with a roller unloader so that the 


cauls could be run out on the rollers and picked up off these 
rollers by means of a lift truck. The cauls were then allowed to 
stand during the drying period on lift-truck platforms. This 
change, which was made some years ago, resulted in an immediate 
reduction of 40 per cent in the number of men required to turn 
out the product, and later in an increase in the production by the 
reduced crew as soon as they became accustomed to the new order 
of things. The next step to reduce handling was the use of a 
roller conveyor in connection with a drag chain for removing 
these cauls from the press, during the drying period, and re- 
turning them to the press for reloading. This change resulted 
in a 25 per cent decrease in cost as compared with that obtained 
by the first improved method. Another arrangement, which 
has not been in production long enough to determine the saving 
accurately, is now being substituted whereby the cauls will be 
handled on a chain-driven overhead-trolley conveyor which 1s 
started by one of the operators and stopped automatically so 
that the cauls are in the right position for handling on and off the 
suspension hooks attached to the trolleys. This raising and low- 
ering of the cauls is done by means of compressed-air hoist 
underneath the roller tables leading to and from the hydraulic 
press. 


ConvVEYorRS FOR HANDLING STAINED Woop Parts 


The finishing of wood parts offers a field for the use of con- 
veyors. The old method of staining small parts was to dip the 
pieces in a tank of water stain and stack them up to dry on 4 
drainboard. For some time past the authors have been expe!- 
imenting with stain driers consisting of a conveyor chain with 
specially fitted links provided to hold the stock so that no marking 
at the contact points would be observed. The first one of these 
driers was a rather complicated-looking affair, having a hot blast 
of air traveling across the top of the conveyor table. This was 
done in order to avoid the possibility of having trouble with the 
drip of the stain, which drips off the stock during the first few fee! 
of travel of the conveyor. However, when more room was 
available it was found that a rather long conveyor with only 
slight amount of heat worked out very much better. The pieces 


4 
| 
| 
| 
| 
| | 
‘ | 
4 
€: du 
at 
we 
ex) 
pa 
ter 
m 
Th 
to 
sus 
unl 
the 
COL 
thi: 
por 
car 
line 
OVe 
boo 
con 
in 
fe belc 
T 
. 


WOOD INDUSTRIES SECTION 


are dipped in the tank and set on the conveyor (Fig. 8), which 
carries them over steam radiation and then underneath a blast 
of warm air. They are finally inspected at the end of this 
conveyor and the good pieces placed on a roller conveyor which 
runs parallel to the stain-drier conveyor but in an opposite 
direction. The inspected and passed pieces roll down by gravity 
to the operators, who apply the first coat of shellac or sealer. 
The introduction of this scheme resulted in an increased pro- 
duction by the first coaters and also allowed us to effect a reduc- 
tion in the labor cost of staining of 40 per cent. A second con- 
veyor was installed for some smaller pieces which has no heat 
applied to it, but the extra length of travel is sufficient so that 
the parts are dry enough to handle when taken from the end 
of the conveyor. The use of this conveyor resulted in a saving 
of 50 per cent in the cost of doing the work, as well as in freeing 
a considerable amount of floor space formerly needed for the 
drying operation. The adoption of lacquer finishes, which must 
be applied by spray guns in booths, has finally led to the intro- 
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Fic.9 View or Conveyor FEEDING CARTONS OFF TO STORAGE PILE 


duction of a conveyor for handling pieces to and from the oper- 
ators at the booth. Several experimental conveyors for this 
work have been installed by the authors and the results of the 
experiments have shown that it is necessary to keep the conveyor 
parts covered from the action of the lacquer spray, as the lacquer 
tends to build up a coating on these parts and this must be re- 
moved by rather careful scraping on account of the fire hazard. 
The most satisfactory type at present developed by them seems 
to be the overhead-trolley type, driven by a chain with carriers 
suspended so that only the carriers pass through the booths. An 
unlooked-for development in connection with this conveyor was 
the application of a heavier coat, due to the fact that the operator 
could stand directly over the work. The pieces being coated in 
this case average about 18 in. wide X 24 in. long, and are sup- 
ported on rubber-tipped wooden pegs attached to the suspended 
carrier. The previous experiments were conducted on a straight- 
line conveyor, while the last-mentioned conveyor is an endless 
overhead conveyor. This made it possible to place the spray 
booths on opposite sides of the hollow square enclosed by the 
conveyor trolley rail, which resulted in a 20 per cent decrease 
in the labor cost of handling the pieces and applying the coats 
below that shown by the first experimental installation. 


MISCELLANEOUS CONVEYOR APPLICATIONS 


The use of conveyors for the assembly of automobiles, re- 
frigerators, kitchen cabinets, etc. is well known. The authors 
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have had considerable success with the use of an ordinary wood- 
slat conveyor, which forms in effect a moving bench top on which 
to assemble wood and steel parts. The parts are fed on to the 
conveyor at the proper point and the finished product is inspected 
and placed in the packing carton at the end of the conveyor. 
The carton is sewed shut and is then ready for storage and ship- 


Fie. 10 Discuarce Exp oF Conveyor FEEDING CARTONS INTO 
FREIGHT CAR 

ment. This conveyor resulted in an increase in production and 
a consequent decrease in cost amounting to 10 per cent. It was 
formerly the custom to have the trimming department do the 
assembly work and then handle the completed assemblies to 
the packing department, which put the assemblies into the 
shipping cartons. By rearranging this operation in connection 
with the conveyor, the trucking between these two departments 
was eliminated and considerable floor space devoted to the han- 
dling of the bulky trucks was released for other uses. 

The final shipment of the product in cartons is facilitated 
by a belt conveyor which runs along one side of the warehouse 
building. This conveyor is about 380 ft. long. It also serves 
to carry a portion of the product from the packing operation to 
the storage pile (Fig. 9), and makes it possible to place the 
wood parts in cartons and have them go direct from the closing 
operation to the freight car (Fig. 10). 

In general, the authors’ observation in connection with the 
installation of conveyors has been that departmental foremen 
are inclined to keep operations intact, but as soon as a con- 
veyor is installed and operations which occur in sequence 
although in different parts of the plant are moved together 
on the conveyor, this antagonism disappears. Recently, the 
authors built a new plant the entire second floor of which was 
laid out to take the operations in sequence, so that the finishing 
is now being done in the same room with the gluing, planing, 
machining, and sanding. After finishing, the assembly opera- 
tions were added on the wood-slat conveyor mentioned above, 
so that a large portion of the material which enters this room at 
one end ready for gluing, leaves it packed in the shipping carton 
ready for the customer. 


Discussion 


P. H. Bitavser.* The lumber-handling system in the cutting 
room of the American Seating Company which we saw this morn- 


3 Asst. Factory Manager, Steinway & Sons, Long Island City, N. Y. 
Assoc. A.S.M.E. 
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ing looked to me to be rather expensive. Has the cost of this 
investment been figured against the labor saving effected? 


R. K. Merrity. In answer to Mr. Bilhuber’s question, we 
have been cutting 30,000 to 32,000 ft. of lumber a day using this 
method. The other method of handling, using kiln bunks, 
transfer cars, etc., would have required more floor space than we 
had available in that location, and we decided to adopt the 
present method after figuring up the cost of the installation, 
which I believe was about $4500. The monorail track is close to 
500 ft. long, and the hoist has a capacity of 3 tons. 


Kinpet, Can Mr. Merrill tell something of the 
method used by his company in reclaiming lacquer? I under- 
stand that as much as 10 per cent is being recovered. 


R. K. Merrity. I did not mention the subject of reclaiming 
lacquer because this is a conveyor paper, but since using the 
conveyor, we have started to reclaim a portion of the lacquer. 
Lacquer is quite expensive, and if it can be reclaimed there is 
just that much more for the next day’s use. We find it is not 
damaged. It is necessary, of course, to add thinner. I believe 
we are reclaiming on this particular conveyor mentioned a quan- 
tity of lacquer amounting to about ten per cent of the day’s use. 
This is reclaimed by having detachable plates in the bottom 
and at the back of the booth, which can be removed and immersed 
in the thinner tanks. Every conveyor we build seems to us to be 
better than the one before, and it often happens that it is quite 
different, because we get ideas from one conveyor which we in- 
corporate in the next. We have in mind another spray booth and 
lacquer conveyor system to be installed, operated entirely differ- 
ently from the one described, with the reclaiming feature incor- 
porated in the booth. 


ARTHUR KOEHLER.® One interesting feature is putting the 
pieces through the drier after they have been dipped in the 
stain. We think that this operation requires considerable atten- 
tion. If the water stain or the water used in sponging to raise 
the grain remains on the wood for any length of time and gets a 
chance to soak in, and it does not have to soak very far, it is 
apt to cause trouble. We believe some of the fine checks we get 
in finishes are due to that very thing. This may require a little 
explanation. If the surface of a dry board becomes wet, it tends 
to swell. The wet region does not extend very far inward and 
the whole board will not swell because the inside does not get wet. 
Therefore the surface cells, in trying to expand, become perma- 
nently crushed, so that when the surface dries out again, as it will, 
the cells will shrink away from each other and produce fine checks. 
Just how serious that is in wood finishing I do not know. The 
water should be dried off as rapidly as possible after it is applied, 
because it is only necessary to wet the surface. 


R. K. Merritt. We agree with Mr. Koehler’s contention, 
and of course the application of water immediately after the 
planing operation has always been a bugbear with us. We have 
in mind a conveyor to handle these peices, and in this new loca- 
tion the conveyor can be attached to the ceiling and carry for 
quite a distance without interfering with anything. 


Burritt A. Parks.® Our line is more particularly connected 
with the power plant, and consequently I am more interested 
in conveyors supplying refuse to boiler furnaces. In one plant 


* Kindel Furniture Company, Grand Rapids, Mich. 

5 In charge, Office of Wood Technology, Forest Products Labora- 
tory, Madison, Wis. 
J 6 On Engr., Byron E. Parks & Son, Grand Rapids, Mich. Mem. 
A.S.M.E. 


which we installed recently, we used a little different scheme for 
automatically conveying refuse to the boiler furnaces. We use a 
Dutch-oven furnace similar to one at the American Seating Com- 
pany. We convey the shavings and sawdust into a shavings bin 
similar to the old type of shavings bin, and out of the bottom of 
that bin we take the shavings into a screw conveyor, which emp- 
ties or discharges into a fan. The fan discharges through the 
roof of the boiler house into another separator and is carried 
thence into the furnaces. Automatic control is provided.  Tak- 
ing the shavings and sawdust out of the bottom of the main 
shavings bin allows us to reduce very materially the excess air 
discharged into the furnaces. As to whether that particular 
scheme is more efficient or not than direct feed into the furnaces, 
I cannot say without making a comparative test. I dare say 
there would not be much difference between the two. Both of the 
schemes practically accomplish the same object, and that is to 
feed the shavings and sawdust to the furnaces in accordance 
with the demand for steam, and also to get rid of excess air. 


T. D. Perry.’ I only wish it were possible to bring back to 
Grand Rapids, as we did some years ago, my good friend, Frank 
Gilbreth. Mr. Gilbreth was here, I should judge, nearly ten 
years ago, and went through some of the furniture factories. If 
you remember Frank Gilbreth at all, you will know that he was 
quite dramatic in the way he expressed himself. He went to one 
of the leading factories—not, by the way, Mr. Merrill's factory, 
but another—and after he came out he took his handkerchief 
and made an excellent stage imitation of profuse weeping and 
said, “If I could only have for mine the amount of time and 
energy consumed in these plants in Grand Rapids, pushing 
boards in and pulling them out.” If Mr. Gilbreth could only 
be here today and see the changes that have been brought about 
in a factory administered as Mr. Merrill has administered his, 
he would have no cause for the use of that handkerchief. 


SERN Mapsen.* In 1916 when we built our new factory, we 
found that in addition to the shavings it was necessary to burn 
3700 tons of coal in one year. We then designed a conveyor 
system to remove shavings from underneath the bins. It serves 
4 boilers and has one motor with automatic control. The first 
year we saved 2700 tons of coal by cutting out excess air and 
getting fuel into the boilers when we needed it. I have been 
interested since that time in watching a number of other plants 
put in some sort of system for boilers controlled by steam pres- 
sure, and greatly amused in seeing how some of these plants are 
put in. I know one in particular, where two boilers are fired. 
There are two stoker engines, two extra bins, and two conveyors 
for each boiler, in addition to a fan to blow the shavings, and three 
or four electric motors. We have four boilers and do it all with 
one motor and one conveyor. They get results all right, but ! 
have always wondered why they use so much equipment when 
there is a shorter method of doing it. There is always a possi 
bility of simplification in installing any conveyor system. 

There is one method of conveying which has not been met- 
tioned. I refer to overhead cranes for handling rough lumber in 
long lengths. There is also another tool, developed in the last 
few years, a type of carrier that runs considerably like a hen 
with a brood of chickens, and one man with one of these affairs 
will handle as much as 80,000 ft. of lumber a day, and do it easily. 
This truck will go anywhere that there is a cement or plank 
runway. I am not so sure how it would work out in a furniture 
factory, but it does work in a sash-and-door factory. 


7 Director, Woodworking Division, Bigelow, Kent, Willard & Co. 
Inc., Boston, Mass. Mem. A.S.M.E. 

8 Mechanical Engineer, Curtis Cos., Inc., Clinton, Iowa. 
A.S.M.E. 
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Static Loads upon Bus Bodies 


A Report of Tests Made to Determine the Static Loads Due to Interaction of Body and 
Chassis upon Which It Is Mounted, and a Description of the Methods Employed 


BY CHARLES B. NORRIS! and JOSEPH A. POTCHEN,? GRAND RAPIDS, MICH. 


divided into two groups: those due directly to the weight 

of the passengers and those due to the interaction of the 
body and the chassis upon which it is mounted. The latter loads 
occur at the points of fastening of the body to the chassis, and 
are usually indeterminate because of the multiplicity of these 
points. It is the purpose of this paper to point out the impor- 
tance of these loads and to suggest a physical or experimental 
method by which they may be determined. 

The usual bus-body design provides posts between the win- 
dows, spaced at intervals of 30 to 40 in.; longitudinal members 
jastened to the topsand bottoms of the posts and extending the full 
length of the bus body; and other longitudinal members fastened 
to the posts Just above and below the windows and extending the 
full length of the bus body upon the left side and between the 
front and rear door upon the right. The rectangular spaces 
formed by this framework above and below the windows are 
paneled with some suitable material. This paneling is an effec- 
tive cross-bracing and gives the body great stiffness. 


Tie STATIC loads upon bus bodies can obviously be 


The usual chassis-frame design provides two longitudinal 
members (usually of channel cross-section) fastened together by 
several transverse members. The longitudinal members are 
usually from 4 to 6 ft. apart and are overhung by the bus body. 
The bus body is usually supported at the foot of each post by 
short transverse cantilever beams or ‘‘outriggers’’ which are 
securely fastened to the longitudinal members of the chassis 
Irame. 

From an examination of the design one would suppose that the 
vutriggers were intended to carry that part of the passenger load 
placed above them. This intention is realized only if the stiff- 
ness of the bus body is small compared to that of the chassis 
irame. A design fulfilling this condition does not seem practical. 
Either the chassis frame would have to be extremely rigid or 
the bus body would have to be very flexible indeed. 

Josephs® has lately pointed out several objections to both of 
these conditions. He also mentions that general practice in 
bus-body design is quite contrary to them, the stiffness of the 
average body being about six times the stiffness of the chassis 
'rame upon which it is mounted. Evidently the above intention 
's hot realized in the average bus. The passenger load distri- 
vutes itself among the outriggers in a way determined by the 
elastic properties of the structure. Usually the chassis frame 
acts as a beam supported at the wheels. The bus body rests 
upon this beam and extends over the rear support but does not 
reach the front support. If all outriggers are removed except 
those over the rear wheels and those at the front edge of the body, 
the problem becomes a very simple one. The chassis bends con- 
‘ave upward because of the load placed upon it by the front edge 
of the bus body. The bus body also bends slightly concave 
upward due to the passenger load within it; but the body has 
‘0 much more stiffness than the chassis that its curvature is 
much less than that of the frame. Thus the vertical distance 

eg Haskelite Mfg. Co. Mem. A.S.M.E. 

Department, Haskelite Mfg. Co. 

4. ©. Josephs, Jr., Engineer International Motor Co., ‘‘The 
Design of Motor-Bus Bodies,’ Mechanical Engineering, Mid-May 
‘umber, 1927, vol. 49, no. 5a, p. 510. 

, Presented at the National Meeting of the A.S.M.E. Wood In- 

Custnies Division, Grand Rapids, Mich., October 17 and 18, 1927. 


between the chassis frame and the body near the center of the 
body is greater when the bus is loaded than when it is empty. 
If the outriggers which we have assumed removed were left in 
place they would tend to hold the chassis frame at a constant 
distance from the body throughout its length, and therefore some 
of the fastenings would necessarily be in tension. The chassis 
frame would be pulling downward upon the body at these points. 

Two methods of overcoming this difficulty suggest themselves. 
The bus may be designed like the old two-wheel cart. The en- 
gine and front wheels take the place of the horse, and the rear 
wheels carry the entire passenger load. The bus body and the 
chassis frame both bend convex upward due to the passenger 
load. If the body is six times as rigid as the frame the out- 
riggers near the fastenings of the rear spring carry about six- 
sevenths of the passenger load, the rest being distributed among 
the remaining outriggers. The second method is more unusual 
and has only lately been adopted by a few builders. The bus 
body is extended the full length of the chassis and the engine 
is mounted somewhere under the body instead of in front of it. 
In this case (assuming again that the body has six times the 
stiffness of the chassis) six-sevenths of the passenger load is carried 
by those outriggers near the spring fastenings of both front and 
rear springs; one-seventh of the load being divided among the 
remaining outriggers. 

Even if the above methods are employed one cannot be sure 
that the loads upon all the outriggers are downward unless the 
ratio of the stiffness of the body to that of the chassis frame is the 
same at all transverse sections of the bus. This condition is 
difficult to meet because the door openings, etc. cause a vari- 
ation in the stiffness of the body, and the change in the cross- 
section of the longitudinal members causes a variation in the 
stiffness of the chassis. It seems best to design with this con- 
dition in mind, build a sample body, and determine from it the 
actual reactions between the body and the chassis. If some of 
the outriggers are found to be pulling downward upon the body 
they can be removed and the bus retested to determine the re- 
sult. If several of the outriggers are found to be pulling down- 
ward upon the body and only a few supporting it, the removal 
of these few may reverse the load upon the remaining outriggers 
and distribute it more equally. 

The method of test proposed by the authors consists of two 
steps: first, a test upon the sample bus, and second, a physical 
analysis of the data obtained. In the test upon the bus, atten- 
tion is focused upon the longitudinal members of the chassis 
because their strength properties are usually known. The test 
consists of noting the changes in the deflection curves of these 
members due to the application of the passenger load. The points 
of application of direct loads to these members, such as spring 
fastenings, outriggers, etc., are noted and recorded. At least 
one deflection reading is taken for each load close to but not 
necessarily at the point of application of the load. The greater 
the number of points at which deflection readings are taken and 
the more uniformly they are distributed along the longitudinal 
member, the more nearly accurate will be the determination of 
the loads. 

A physical analysis of these deflection data may be obtained 
by loading a model beam in such a way that its deflections are 
proportional to the deflection readings taken from the longi- 
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tudinal members of the chassis. This analysis is first applied 
to the data taken upon one of the longitudinal members and then 
to the data taken upon the other. The model beam should 
be made so that the ratio of its stiffness to the stiffness of the 
longitudinal members of the chassis is the same for corresponding 
sections. Also the loads should be applied to the model beam at 
points corresponding to the points of application of loads upon 
the longitudinal members. The loads obtained in this manner 
are proportional to the loads upon the longitudinal members 
of the chassis frame due to the application of the passenger load. 
Therefore if the total passenger load used in the bus test is known, 
the loads upon the chassis can be determined from the loads 
upon the model beam by a simple proportion. 

Let us now consider some data taken in a test upon a bus of 
the two-wheel-cart design. The test was made at the factory 
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loads were applied to this model beam by means of twine and 
rubber bands. Fig. 1 is a photograph of the apparatus used. 
A sheet of drawing paper upon which the deflections of the longi- 
tudinal members of the chassis frame were plotted was fastened 
to a blackboard. The model beam was held in front of this 
paper by twine and rubber bands as shown. The tension upon 
the rubber bands was varied until the model beam was made 
to conform to the plotted deflection curve of one of the longi- 
tudinal members. The length of each of the rubber bands 
was then recorded and the test repeated for the other longitudi- 
nal member. Subsequently the forces applied by the rubber 
bands were determined by loading each band separately with 
gram weights so that the recorded length was again obtained 
These weights corrected for the deadweight of the model beam 


are given in Table 2. The loads upon the chassis frame «ue 
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of the Lang Body Company upon a bus of their manufacture. 
The privilege of making this test and the assistance rendered 
by the personnel of the company are greatly appreciated by the 
authors. 

The bus was run over a pit in the factory, and a heavy wooden 
beam extending its full length hung under it. This beam was 
supported by wires fastened to the chassis at the front of the 
front springs and at the rear of the rear springs. Transverse 
beams were fastened to it. These beams supported arms at 
their ends which held Ames dials against the under surface 
the longitudinal members of the chassis. Sand bags were used 
for the passenger load. The deflection data obtained are shown 
in Table 1. 


TABLE 1 DEFLECTIONS OF THE LONG ITUDINAL MEMBERS 
OF THE CHASSIS FRAME 


DEFLECTIONS OF LEFT SIDE, IN. 
Distance from 


front, in. 0 55 92 130.5 180 220.75 286.5 306.5 
Load in Ib. 
1920 0 0.028 0.034 0.037 0.030 0.022 0 0.020 
3600 0 0.054 0.065 0.074 0.062 0.053 0 0.044 
5280 0 0.074 0.085 0.095 0.079 0.071 0 0.057 


: DEFLECTIONS OF RIGHT SIDE, IN. 
Distance from 


front, in.....0 53 94 131 179 222 286.5 307.5 
Load in Ib. 
1920 0 0.002 0.006 0.007 0.001 —0.009 0 0.018 
3600 0 0.005 0.012 0.014 0.003 -—0.013 0 0.032 
5280 0 0.008 0.017 0.020 0.003 —-0.019 0 0.038 


The model beam used by the authors was made of poplar veneer 
‘/,in. thick and one-fourth the length of the longitudinal members 
of the bus chassis. Its width varied in such a manner that its 
stiffness at any section was proportional to the stiffness of the 
longitudinal chassis members at a corresponding section. The 


to the passenger load can be determined from these weights by 
the following simple proportion: 


Load at specific point on one of the longitudinal chassis memers 


Half the passenger load 


Corresponding load upon the model beam 


Sum of those loads upon the model beam which correspond 
to the loads applied by the bus springs to the longitudinal chassis 
member 


The right-hand member of this proportionality is expressed in 
percentage and shown in Table 2. For convenience in com- 
puting the loads upon the chassis, halves of the values of the 
left-hand members of the proportionality are expressed in per 
centage and given in Table 3 with a tabulation of the actual 
loads upon the chassis due to a passenger load of 5280 lb. 

These loads were plotted graphically together with their shear 
and bending-moment diagrams and also the deflection curves 
obtained in the test of the bus. It was noted that the bus is 
good example of the two-wheel-cart type. The front springs 
support very little of the passenger load, the rear springs taking 
nearly all of it. Yet it will be noted that the bus body is pulling 
upward strongly upon one of the outriggers located near 1t 
center on the left-hand side and bearing down heavily up0! 
the next outrigger to the rear. Also the outrigger just to the rea’ 
of the rear spring is not carrying any of the load. If the firs 
mentioned outrigger were removed the second one would prob 
ably not bear down so heavily, and the third might help suppo" 
the passenger load. Another test with the outrigger removel 
would determine this. The shear and moment diagrams 8 
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interesting in connection with the chassis design, but give little 
information concerning the body. 

The authors realize that this is not a complete paper but only 
a beginning of a practical analysis of the stresses encountered 
in bus bodies. They hope that it will give a slight impetus to 
the best engineering thought upon this subject. 


An examination of these data shows that a hysteresis effect exists, 
i.e., the load-deflection curve taken with increasing loads is not 
identical with the curve taken with decreasing loads. Correction was 
made for this effect by averaging the deflections at each point taken 


at the same load. The results of this correction are in Table 1. 


The data in Table 1 give three elastic curves of the chassis frame 
for each side of the bus. The deflections at the 1920-lb. load and the 


TABLE 2. FORCES UPON THE MODEL BEAM 
Ri Ri P: 


Distance from front. in 


0 50 SS 125 


tion curve of left side, 

in grams —45 —45 180 - 
Forces when model beam 

conforms with deflec- 

tion curve of right side, 


in grams... — 4 — 4 —~ 146 200 


Forces upon left side ex- 

pressed in per cent of 

reactions on left side - 2.32 2.2 96 
Forces upon right side ex- 

pressed in per cent of 

reactions on right side. — 0.4 —- 0.4 — 7.3 


P; Ps R: R: Ps Ps 
185 219.5 226.5 286.5 289.5 338.5 


—575 198% —979 - 979 0 451 


TABLE 3) FORCES UPON THE CHASSIS FRAME DUE TO THE PASSENGER LOAD 


Ri Ki P; P2 
Distance from front of 
bus to point at which 
force is applied—in in 0 50 SS 125 


Forces upon left side ex- 
pressed in per cent of 
passenger load.... 1.1 1.1 43 = 

Forces upon right side ex 
pressed in per cent of 
passenger load...... - 0.2 —-0.2 =— 3 

Forces upon left side at 
full passenger load of 
5280 Ib..... 

Forces upon right side of 
full passenger load of 


Appendix 


THE purpose of this appendix is to record the experimental data 
and to show the method of analysis and computations in detail. 


TABLE 4 DEFLECTION DATA OBTAINED FROM BUS TESTED 


Deflections shown in thousandths of an inch, positive downward.) 


Left side facing forward 
Distance from front, 


in 55 92 130.5 180 220.75 286.5 306.5 
Passenger load, Ib 

i) 0 0 0 0 0 0 0 0 
1920 0 19 30 32 25 19 0 19 
3600 0 49 66 76 64 52 0 50 
»280 0 74 85 95 75 69 0 57 
3600 0 58 64 71 57 0 38 
1920 0 37 39 2 34 21 0 20 

0 0 -1 0 0 0 


Distance from front, 


0 53 94 131 179 286.5 307.5 


0 0 0 0 0 0 0 0 

1920 0 1 5 6 0 - 9 0 22 
3600 0 4 14 15 6 -13 0 41 
5280 0 2 2 14 —28 0 53 
3600 0 — 6 0 2 -4 —31 0 53 
1920 0 -10 — 6 - 4 -3 -27 0 43 
0 —-12 —14 -12 —16 0 30 


The actual data taken are shown in Table 4. These readings were 
not all taken in the same test. The deflection apparatus was placed 
under the left side of the bus, the loads applied, and the readings 
taken. The apparatus was then placed under the right side of the 
bus, the loads applied again and the readings taken. It will be 
noted that some of the deflections became negative as the load was 
released. The authors have reason to believe that the deflection 
‘pparatus was sinking slowly during the tests. The apparatus for 
the test upon the left side was set up late in the afternoon and the 
test run the next day. It was noted that the apparatus had dropped 
away from the bus slightly and had to be readjusted. The apparatus 
for the test upon the right side was set up in the morning and the 
test run in the afternoon. The data show that the apparatus 
dropped considerably during the test. The data were corrected for 
this error by distributing the total drop at each deflection point evenly 
over the deflection readings taken at that point. The result of this 
correction is shown in Table 5. 


— 5s 254 37 


P P, R: Ps Ps 
185 219.5 226.5 286.5 289.5 338.5 
7 — 14.1 48.7 — 23.9 — 23.9 0 11.3 
1 15 236.9 —- 24.8 — 24.8 14.3 
—745 2570 — 1262 — 1262 0 597 
95 1361 —1310 ~ 1310 755 407 


5280-lb. load were reduced to equivalent deflections at 3600 lb. by 
multiplying them by the ratio of the loads. The three sets of de- 
flection data were then averaged and the probable error of the 
mean computed. These data are given in Table 6. 


TABLE 5 DEFLECTION DATA CORRECTED FOR DROP OF 
DEFLECTION APPARATUS 
(Deflections shown in thousandths of an inch, positive downward.) 
Left side facing forward 
Distance from front, in...0 55 92 130.5 180 220.75 286.5 306.5 
Passenger load, Ib. 
0 


oO 0 0 0 0 0 

1920 0 19 30 32 25 20 0 19 
3600 0 49 66 76 65 53 0 50 
5280 O 74 85 95 79 71 0 57 
3600 0 59 64 72 59 0 38 
1920 0 38 39 43 36 24 0 20 
0 0 0 0 0 0 0 0 0 


Right side facing forward 


Distance from front, in...0 53 94 131 179 222 286.5 307.5 
Passenger load, Ib. 
0 


0 0 90 0 0 0 0 0 

1920 0 3 7 8 1 - 6 0 17 
3600 0 8 17 19 7 - 7 0 31 
528 0 8 17 20 3 —19 0 38 
3600 0 2 8 10: —1 -19 0 33 
1920 0 0O 5 6 1 -12 0 18 
0 0 oO 90 0 0 0 0 0 


The average deflection readings shown in Table 6 were analyzed by 
the experimental method outlined in the body of the paper. The de- 
flection curves were plotted to scales which made the maximum 
deflection about 3 in. Small steel open rings made from screw eyes 
were used to connect the rubber bands to light silk fish line which in 
turn was fastened to the model beams and to nails driven into the 
blackboard (see Fig. 1). A sufficient number of rubber bands was 
used at each load point to keep the maximum elongation under 
2'/2 times their free length. A bright electric light was placed in 
front of the blackboard about 25 ft. from it. The rubber bands 
were adjusted until the shadow of the beam coincided with the 
points plotted upon the blackboard. It was found more convenient 
to measure the length of the shadow of the rubber bands than to 
measure the bands themselves. These measurements were made to 
the nearest hundredth of an inch. 

The rubber bands were released from the model beam and each 
group loaded separately by means of a scale pan and gram weights. 
This apparatus was also supported in front of the blackboard and the 
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shadow of the group of rubber bands again measured. It was noted 
that when a group of bands was loaded the deflection increased for a 
few minutes after the load was applied, but finally became constant. 
Therefore care was taken to allow the bands sufficient time to adjust 
themselves to the load. The whole process of loading the model 
beam and determining the forces was repeated four times for each 
side of the bus. After each the model beam was reversed so that 
the curvature at each point would be in the opposite direction. 
After these readings were taken the model beam was cut at points 
midway between the load points and these sections weighed. The 
loads obtained corrected for both the weights of the beam sections and 
the weights of the steel open rings are shown in Table 7. It will 
be noted in Fig. 1 that the apparatus was arranged so as to give 
the correct ratio of load at the points corresponding to the spring 
fastenings. This ratio is determined by the dimensions of the 
springs. 


TABLE 6 DEFLECTION DATA REDUCED TO A 3600-LB. LOAD 


(Deflections shown in thousandths of an inch, positive downward.) 
Left side facing forward 
Distance from front,in..0 55 92 130.5 180 220.75 285.6 306 5 
Load at which 
readings were 


taken, Ib. 
1920 0 533 64 69 56 41 0 3s 
3600 0 54 65 74 62 53 0 44 
5280 50 58 65 54 48 0 
Average O 52.3 62.3 69.3 57.3 47.3 0 40 3 
Probable error of 
average 0 O8 15 18 1.6 2.3 0 13 


Right side facing forward 
Distance from 
front, in 0 35 O4 131 179 222 286.5 307 5 
Load at which 
readings were 
taken, lb 


An idea of the accuracy of the average results was obtained by 1920 0 4 11 13 . ai 0 54 
comparing the sum of all the upward forces to the sum of all the 3600 0 58 12 4 3 13 0 3 
downward forces. These two sums should be equal since the model — 0 26 
beam was in equilibrium. The comparison is given at the foot of of oe 

Table 7. Tables 2 and 3 were obtained directly from Table 7. average. . 0 03 OB 03 O83 O.8 0 1? 
TABLE 7 OBSERVED FORCES UPON MODEL BEAM IN GRAMS 
Station letter Ri Ri P: P; Py P Ps 
Distance from front in '/<in..... 0 55 SS 125 185 219.5 226.5 286.5 289.5 338 
Left side 
Test No 
Bais —-34.5 —54.5 244 -103 -— 442 1840) — 996 — 996 0 454 
-—38.5 -—38.5 184 39 — 619 2078 —1015 —1015 0 446 
3 —44.5 -—44.5 144 30 — 552 1830 — 891 — 891 0 429 
4 —40.5 —40.5 183 -—- 28 — 687 2188 —~1014. 5 —1014.5 0 474 
Sum —178 —178 755 —-140 —2300 7936 —3916 5 —3916.5 0 1803 
Right side 
1 s - § — 235 239 149 1173 >» -—1242.5 694 379 
2 —-11.5 -11.5 —185 209 59 1380 —1373.5 —1373.5 S44 358 
3 ; —-13.5 -13.5 -—193 236 S4 1241 1307 — 1307 699 389 
4 - § - 8 - 123 116 72 1415 —1272 — 1272 629 414 
Sum —42 —42 —736 800 364 5209) —5195 —5195 2866 1540 


Left side 


Sum of all upward forces 
Sum of all downward forces 


Difference..... 


Right 


Sum of all upward forces 
Sum of all downward forces 


Difference 


Discussion 


S. Mapsen.’ This test evidently has been applied to only one 
type of bus body. Do these calculations apply to other auto- 
mobile bodies such as moving vans? To get proper stiffness 
in bus bodies, are wood and steel used in modern construction? 


Cuarwes B. Norris. The calculations in the paper are con- 
fined to one bus body; not alone to one type, but to one particular 
body. However, the same method of calculation could be 
applied by any bus-body engineer to any type of bus body. 

The method is of value where, because of its depth, the body is 


3 Mechanical Engineer, Curtis Cos., Inc., Clinton, Iowa. Mem. 
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10,514 grams 
10,659 grams 


145 grams 


side 


10,779 grams 
10,794 grams 


15 grams 


very stiff, and where, because of complicated design, it is diff 
to compute the elastic properties of the body and therefore diffi- 
cult to determine the distribution of the forces upon it. How- 
ever, the method is applicable to the analysis of any body sup- 
ported upon a chassis of known elastic properties. 

As to types of construction, the bus industry is in a rath 
chaotic state. There are buses of all kinds. One type of bus is 
built entirely of aluminum in which there is no chassis at al! 


- The chassis is built into the bus body itself with regular bridge 


construction. There are types of metal bus bodies built of smal! 
T-sections, and depending upon the side paneling for rigidity 
The panels are made of steel, aluminum, plywood, and plywood 
covered with steel. Other bodies are built entirely of wood with 
the members glued and screwed together. 
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Investigation of the Pulp and Paper Industry 
in the State of Washington 


By BRUCE WALLACE ROSS! anv SEICHI KONZO,' SEATTLE, WASH. 


In this paper the authors discuss the pulp- and paper-manufac- 
turing industry as it is conducted today and show that, owing to 
location, source of supply, water supply for both power and process, 
labor, etc., the state of Washington presents many attractions to the 
prospective plant builder. 

Of the subjects taken up, the first has to do with the materials 
used in the manufacture of paper. Then the several species of woods 
found in the United States, with particular emphasis on the state of 
Washington, are discussed, together with statistics concerning quan- 
tities available. One of the sources of supply mentioned is mill 
waste, and the possibilities of carrying on pulp operations in co- 
operation with saw-mill activities are discussed. 

Pulp-making processes also are treated, those receiving attention 
being the mechanical process, the soda chemical process, the sulphate 
process, and the sulphite process. 

The process of making paper is touched upon, but owing to the 
fact that complete treatises on this subject may be obtained without 
difficulty, little more than a brief review is given. 

Interesting statistics on the consumption of wood pulp, its pro- 
duction in the United States, particularly in Washington, and its 
exportation appear in the paper. 


of the future will be made of some material other than 

wood pulp. From time to time there have been dis- 
coveries, or rediscoveries, of other paper-making materials, but 
in each case there has been present some factor which has pre- 
vented the marketing of the product on a basis competitive with 
that of paper made from wood pulp. The two principal reasons 
are the cost of production and the source of raw materials. 


\ T PRESENT there is a wide-spread belief that the paper 


MarTeriats UseD IN THE MANUFACTURE OF PAPER 


A good, strong, high-grade paper is made from linen and high- 
grade cotton rags, and is used in the manufacture of book and 
stationery paper. But even in the case of this paper, probably 
the strongest competitor of that derived from wood pulp, it has 
been found to be more advantageous to add a portion of wood 
pulp to the raw material. The raw material is anything but 
abundant, the United States being largely dependent upon for- 
eign countries for its supply. The lower grades of cotton rags 
are used in the manufacture of building felt and sheathing paper. 
Manila stock is used in the manufacture of a strong, tough, 
fiber paper demanded by heavy products, such as containers for 
cement, ete. Sinee the World War, cotton linters have been 
used in the manufacture of book paper, but this has been done to 
supplement the rag supply rather than to enter into active com- 
petition with the wood-pulp product. Straw has entered into 
the paper industry to a considerable extent in the manufacture of 
corrugated boards. Bagasse, kelp, corn stalks, the fibrous waste 
from other industries, together with a long list of plants, have 
been tried for paper, as have even the soft and fibrous minerals. 
The use of these different materials in the manufacture of paper 
has increased with the passing of time, but in no way has their 
increase kept pace with the increase of wood pulp. In practically 
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every case the production cost has been made the deciding factor 
in the determination of the feasibility of manufacturing the 
raw material into paper. Seasonal crops and the relatively 
low yield per unit of pulping material have, along with the 
transportation and storage problem, been influential in the 
abandonment of these fibrous materials as possible sources of 
supply for paper manufacture. Despite the fact that wood is a 
comparative newcomer in the pulp world, it is almost certain 
from past experience and present knowledge that it will be the 
predominating factor in the future pulp and paper industry. 
Furthermore, the paper industry has become accustomed to 
handling wood-pulp paper, and paper from other materials would 
not be readily accepted. 


SPECIES AND QUANTITIES OF Woop 


In the United States. The area of forest land in the 
United *. es has in the past three centuries decreased from 
some 822 million acres to approximately 470 million. There is 
no way of determining the actual quantity of pulp-wood timber 
which is now standing, as this quantity varies from month to 
month, and in the newer parts of the country is more or less 
dependent upon the lumber industry, fires, ete. In 1870, only 
a little over fifty years ago, there was no material amount of 
wood used for paper pulp. 

The United States, with respect to the timber supply, is 
generally divided into nine groups of states: the New England 
States, the Middle Atlantic States, the South Atlantic and Gulf, 
the Lake, the Central, the Lower Mississippi, the Rocky Moun- 
tain, and the Pacific Coast States. The total standing pulp 
species in million cords in each of these groups is shown in 
Table 1. 

TABLE 1 QUANTITY OF STANDING TIMBER IN THE UNITED 
STATES BY REGIONS 
Total standing pulp species 


Region in million cords 

New England 166.9 
Middle Atlantic 162.9 
Lake 330.8 
Central 241.0 
South Atlantic 611.5 
Lower Mississippi 678.0 
Rocky Mountain 442.7 
Pacific Coast 897.4 

Total United States Proper 3530 9 
Southeast Alaska 167.0 


The above figures do not contain the allowance for 
reduction in stand by the spruce bud worm, which 
amounts to 40 per cent, or about 27'/2 million cords in 
Maine. 

The future supply of pulp wood depends almost entirely on the 
amount and success of reforestation, which is at present under- 
going intensive study by the Federal Government, by the differ- 
ent state governments, and by the timber-owning private firms. 
At present the Southern States have the greatest stand of timber 
suitable for the manufacture of pulp, having an estimated quan- 
tity of about 1250 million cords. The Pacific Coast States 
have the next greatest amount with an estimated cordage of 
850 million, while the Rocky Mountain States have an esti- 
mated 400 million cords. Each of the remaining state groups 
have less than 200 million cords available. In the Middle 
Atlantic States there has been a gradual depletion of the supplies 
of pulp timber, as in the New England and Southern States, 
and from present aspects it will be but a short time until the 
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production of pulp will have to be curtailed, some new pulping 
process developed for species not now used, or some means found 
of speeding the second-growth timber. 

At the present time there is a temporary stimulus to the use of 
the better grades of timber for the pulp industry in the Eastern 
States, due to their inability to meet the market price of the 
western Douglas fir in the sawmill market. It is possible under 
existing conditions for the West Coast lumberman to deliver 
his products on the Atlantic Coast at a lower price than the 
Eastern lumber manufacturers can. This has resulted in a con- 
dition whereby the pulp industry in those localities receives the 
timber that would ordinarily be routed to the lumber mills. 

In Washingion. It is only natural in the carrying on of 
the pulp and paper industry that as the resources are exhausted 
the manufacturers will turn to the locality with the greatest 
stand of spruce, fir and hemlock, since 78 per cent of our re- 
quirements depend upon these species; and it is especially ad- 
vantageous to enter into a virgin timber country which can 
support the industry while reforestation is going on. Alaska 
and the Pacific Coast States offer exceptional opportunities in 
this respect. At the present time the Government is offering 
every inducement to manufacturers to establish the industry in 
Alaska, assuring them of pulp timber at a reasonable cost as far 
ahead as 1942. 

The Pacific Coast States offer innumerable inducements for the 
establishment of the industry. Washington, Oregon, and 
California are the three states of the Pacific Coast group, and 
they possess about one-half of the remaining saw timber in the 
United States. They have about one-fourth of the stand of 
pulp species, in cords. Some sources of information state 
that one-half of the remaining virgin forest of the United 
States is in the vicinity of Puget Sound, and give the stand of 
Douglas fir alone in a belt 100 miles wide and 350 miles along 
the coast as 960 billion feet. Table 2 gives some interesting 
figures on the species of timber west of the Rocky Mountains. 
TABLE 2 SPECIES OF TIMBER WEST OF THE ROCKY MOUN- 

TAINS ACCORDING TO THE 1920 FOREST SERVICE REPORT 

Million bd. ft. 


Douglas fir 558,571 
Western yellow pine 183,453 
West-Coast hemlock 94,000 
True firs 82,479 
Redwood 72,208 
Western red cedar 49,000 
Miscellaneous varieties 44,914 
Sugar and western white pine 38,483 
Sitka spruce 13,355 
Lodgepole pine 4,566 

Total 1,141,031 


The timber in California differs in species from that in Wash- 
ington, and the available quantity is somewhat smaller. The 
total stand of timber in Oregon is greater than that of 
Washington, but the percentage of pulp species is smaller, 
and due to the development of the country the available timber 
in Washington greatly exceeds that of Oregon. Table 3 is 
TABLE 3 TIMBER ae a IN THREE WESTERN 


(From 1923 report of the Senate Reforestation Comm.) 


Species California Oregon Washington 
Western yellow and white 
pine 77,176,000 75,549,759 13,731,367 
Sugar pine 31,928,000 
Douglas fir 39,114,000 245,797,056 135,860,853 
Redwood 70,000,000 
All others 66,287,000 74,429,414 133,053,262 
Totals 284,505,000 395,776,229 282,645,481 


interesting in this connection. With the exception of one year, 
the volume of lumber cut in Washington has exceeded that of 
any other state since 1905, which has resulted in the greatest 
advancement of logging operations found anywhere in the world. 

When it is considered that one-fourth of the remaining pulp 
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wood is in these three states and that Washington has more than 
her share of this commodity, considered with the fact that the 
timber stand is more localized in this state than in others, the 
wonderful possibilities of the development of the pulp industry 
in this section of the country are realized. Some sources of in- 
formation give the fact that in most parts of the country the 
average cut of pulp wood is five cords per acre, while that of 
western Washington is in the neighborhood of 20 to 40° cords 
per acre, and frequently much more. It has also been found 
that in this section of the country two cords of pulp wood are 
equivalent to three cords of the eastern pulp wood, this fact 
being due to the marked superiority of the western woods over 
the eastern with respect to size, lack of knots, and clearness 
It is estimated that on each acre of logged-off land there are 
at least ten cords of pulp wood left to rot, due to the fact that 
there are relatively few pulp mills in this vicinity now, and also 
to the fact that there is no advantage to the manufacturer in 
securing such wood when the cheapness of other supplies of 
pulp wood is considered. When the total acreage of logged-of 
land is considered, together with the startling fact that for each 
acre of this land there are ten cords available at a cost involving 
little more than the cost of transportation, the immensity of thi 
raw-material supply and the relative low cost may be compre- 
hended. 

In 1924 in the state of Washington there was a forest area of 
somewhere in the neighborhood of 12,000,000 acres containing 
282,645,000,000 bd.ft. of merchantable timber divided up as fol- 
lows: 


173,350,000,000 bd-ft. 
23,027 000,000 bd ft 
86,268, 481,000 bd.ft. 


Privately owned 
State owned 
Federal owned 
The timber owners in the state number 12,000, and their averag: 
holdings run about 470 acres. 
In 1924, from the different cruises in the different counties 
taken as a basis, Table 4 was compiled for the percentage ‘ 
TABLE 4 SPECIES OF WOOD BY PERCENTAGE 


Scientific name Common name Percentage 


Pseudotsuga Taxifolia Douglas fir i 
Tsuga Heterophylla Western hemlock 21 
Thuga Plicata Western red cedar 12 


Western yellow pine 
Silver-Noble fir 


Pinus Ponderosa 
Abies Nobilis 


Pica Stichensis Sitka spruce 4 
Larix Occidentalis Western larch 2 
Pinus Monticola Western white pine | 


All others not including cotton wood - 


the total stand with respect to the different species. This 
percentage, of course, does not hold true for each county 
but it does give a good idea of the relative stands with respec’ 
to each other. For instance, there is a strip some 30 miles wit 
along the ocean side of the Olympic peninsula which is practical) 
all spruce. The hemlock is found mixed in with the Douglas: 
fir, and usually grows at an altitude of less than 2500 ft. Be 
tween the 2500- and 3500-ft. contours is found the hemlock 
silver fir type, and above this range is found the silver fir ané 
western hemlock species. As the altitude increases the quanti 
and the quality of the timber decreases. 

In 1920 a survey was made by the government on the possibilit 
of securing wood pulp in the northwest portion of the Nortlhwes! 
and it was found that 635,000 cords of pulp wood could be ob 
tained from the operations designed primarily for the lumbe! 
industry, neglecting the possibility of obtaining smaller a0 
broken trees unfit for the lumber industry, but suitable f 
pulp manufacture. In considering the reforestation problem " 
is noticed that the possible growth in the Pacific Northwest * 
much faster than in the other sections of the country. Whi! 
the average possible growth under intensive forestry for the 
spruce-fir type in the Northeast as a whole is estimated as » 
cu. ft. per acre per year, and in the Lake states as 35 cu. ft. P* 
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acre per year, it is placed at 112 cu. ft. in the Northwest. In the 
Pacific states the minimum rotation of crops is placed at 30 
years, a8 compared with 50 years for that of the Kastern states. 


PuLPING QuALITY OF WASHINGTON TIMRER 


Species of trees vary over the United States and are quite 
definitely bounded within limited territories. In the state of 
Washington the species are limited, and this division is even more 
complete in that the Cascade Mountains make another quite 
definite boundary line for the different species. In the western 
part of the state the so-called Douglas fir predominates, with 
considerable stands of spruce, fir, and larch also existing. 

A great deal has not been done up to the present time toward 
the development of the Douglas fir 2s a pulp wood. The saw- 
log value has been so high and the timber has been in such de- 
mand that the price has been prohibitive for the manufacture 
of pulp. As time goes on, however, it is being found that it is 
more and more profitable to operate the logging industry of the 
pulp woods in conjunction with that of the saw logs, and to go 
over the cut-off, saw-log lands for pulp wood. In the earlier 
stages of the logging operations in this country a great deal of 
the less desirable timber, which would be suitable for pulp 
wood, was left standing. In the determination of the desirability 
of wood for pulp it is found that there is a peculiar feature in 
some woods in the direction or density of the grain or fiber of the 
wood which adds much to the value of the tree possessing it. 
It is called the strength of fiber, and is the characteristic or 
quality of the wood which fits it for the manufacture of pulp 
from which paper, celluloid, card board, ete., are made. Poplars 
stand at the head of the list in the possession of this quality. 
Spruce is next, although the poplar and trembling aspen have 
slightly superior merits for the manufacture of pulp wood. 
Spruce is one of the predominating stands in Washington. Sitka 
spruce or Picea Stichensis is found along the entire Pacific 
Coast, the major growths extending inland for some 50 or more 
miles. Sitka spruce ranks very well with white spruce, the 
standard pulp wood of North America. Western hemlock out- 
ranks it at the present time in consumption on the Pacific Coast 
only because of the keen competition with the sawmills for the 
spruce logs, and the suitability of the less expensive hemlock for 
newsprint. At present one-half of the pulp wood consumed on 
the Pacific Coast is Western hemlock, which is largely used in the 
making of newsprint, but is also suitable for other paper uses. 


Srupy or WasHINGTON TIMBER SPECIES 


The yield of pulp from any given wood depends upon the 
specific gravity of the wood, the weight per cubic foot, and the 
pulping method employed. Below will be found an outline, 
which is taken from a bulletin of the Forest Products Laboratory 
at Madison, Wis., giving the pulping qualities of the different 
species found in the Northwest. In considering the pulping 
qualities and other data given for the different woods, attention 
is drawn to the following points: 

| The weights of wood given are for bone-dry material per 
solid cubie foot. This is obtained by multipiying the specific 
gravity of the oven-dried wood, based on the green volume, vy 
2.3 lb. (the weight of a cubic foot of water). 

2 The fiber lengths as given are the average of all the avail- 
able data taken from the Forest Service investigations and from 
other sources. Many of the measurements given are the re- 
sults of averages of thousands of determinations; in other cases, 
from only a few determinations. 

3 The yield figures represent the yield of bone-dry screened 
and unbleached pulp per hundred cubic feet of solid bone-dry 
Wood. For the purposes of this article, it has been assumed that 
the ordinary cord of wood (rossed) piled 4 ft. by 4 ft. by 8 ft. 
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is equivalent to 100 solid cu. ft. of wood. To convert the yields 
on bone-dry basis to air-dry pulp containing 10 per cent mois- 
ture, divide the yield by 0.9. 

The yield data are based on results obtained from experimental 
runs made under very favorabie conditions. The pulp logs on 
arrival at the laboratory are barked, sawed to convenient size, 
and any wood containing knots and decayed spots is rejected. 
The chips are carefully sorted and are far more uniform in size 
and moisture content than can be obtained in commercial prac- 
tice, unless the mills operate under more favorable conditions 
than ordinarily exist. Further, each cook representing an in- 
dividual experiment, it is possible to press, shred, sample and 
screen the pulp with fewer mechanical losses than is feasible in 
handling the pulp in commercial practice from the blow pit to 
the wet machine or to the finished paper. 

4 The comparison of the character and uses of the various 
pulps that may be obtained from the different woods offers cer- 
tain difficulties. It has, therefore, been decided to consider 
white spruce as the standard wood for pulping by the sulphite, 
sulphate, and mechanical processes, and to compare the pulp 
that might be obtained from any given wood by this process 
of pulping with the pulp obtained from white spruce. Aspen 
wood has likewise been adopted as the standard for reduction by 
the soda process, and soda pulps from other woods will be com- 
pared with it. Sulphate pulps made from deciduous woods 
bleach with greater ease and economy than the corresponding 
soda pulps. 


DOUGLAS FIR—Pseudotsuga Taxifolia—Weight, |b.; 
fiber, 4.4 mm. 

Sulphite pulp—Yield, 1200 Ib.; character, hard to pulp, 
difficult to bleach, fair strength, poor color, pitchy; possible 
uses, few. 

Sulphate pulp—Yield, 1170 lb.; character, good grade of kraft 
pulp, but not as strong as white spruce; possible uses, simi- 
lar to white spruce. 

Mechanical pulp—Because of high pitch content is probably 
unsuitable for this purpose. 

WESTERN YELLOW PINE—Pinus Ponderosa—Weight, 24 
Ilb.; fiber, 3.6 mm. 

Sulphite pu’»—Yield, 1130 lb.; character, not difficult to 
pulp, difficult to bleach, shivey, very poor strength and color; 
possible uses, few. 

Sulphate pulp—yYield, 1100 lb.; character, fairly easily 
bleached, fine, high grade, very strong, and tough fiber; 
possible uses, same as white spruce. 

Mechanical pulp—yYield, 2060 Ib.; character, fibers long, 
coarse, soft, creamy color, pitchy; possible uses, medium 
quality of groundwood. 

WESTERN HEMLOCK—Tsuga Heterophylla—Weight, 23 lb.; 
fiber, 2.7 mm. 

Sulphite pulp—Yield, 1050 lb.; character, easily pulped, 
easily bleached, good strength, fair color; possible uses, 
same as white spruce. 

Sulphate pulp—Yield, 1100 lb.; character, good strong fiber; 
possible uses, similar to white spruce. 

Mechanical pulp—Yield, 2160 lb.; character, good strength 
and fiber, grayish color; possible uses, similar to white spruce. 

NOBLE FIR—Abies Nobilis—Weight, 22 lb.; fiber, no data. 

Sulphite pulp—Yield, 1010 lb.; character, easily pulped and 
bleached, fair strength, excellent color; possible uses, substi- 
tute for white spruce. 

Sulphate pulp—Yield, 1080 lb.; character, good quality of 
strong pulp; possible uses, substitute for white spruce. 

Mechanical pulp—Yield, 1920 lb.; character, good color, long 
strong fiber; possible uses, same as white spruce. 
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SILVER FIR—Abies Amabilis—Weight, 22 lb.; fiber, no data. 
Sulphite pulp—Yield, 1060 lb.; character, easily pulped and 
bleached, fair strength, good color; possible uses, same as 
white spruce. 
SITKA SPRUCE—Picca Sitchensis—Weight, 24 lb.; _ fiber, 

3.5 mm. 

Sulphite pulp—Yield, 1080 lb.; character, easily pulped and 
bleached, excellent strength and color; possible uses, same 
as white spruce. 

Sulphate pulp— Yield, 1150 lb.; same as white spruce. 

Mechanical pulp—Yield, 2040 lb.; same as white spruce. 

WESTERN RED CEDAR—Thuja_ Plicata—Weight, 19 ib.; 
fiber, 3.8 mm. 

Sulphite pulp—-Yield, 830 Ib.; character, difficult to bleach, 
dark color but fair strength; possible uses, few. 

Sulphate pulp—Yield, 830 lb.;| character, rather difficult to 
bleach, fair strength; possible uses, same as white spruce. 

WESTERN LARCH—lIarix Occidentalis—Weight, 28 
fiber, 2.6 mm. 

Sulphite pulp— Yield, 1200 Ib.; character, difficult to pulp and 
bleach, poor strength and color; possible uses, low grade 
wrappings. 

Sulphate pulp—Yield, 1290 ib.; | character, good quality of 
kraft fiber; possible uses, same as white spruce. 

Mechanical pulp—Yield, 2100 lb.; character, brown color, 
short fiber, fair strength; possible uses, medium quality 
groundwood. 

LOWLAND WHITE FIR—Abies grandis—Weight, 23  lb.; 
fiber, 3.2 mm. 

Sulphite pulp—Yield, 980 Ib.; | character, easily pulped and 
bleached, fair strength, excellent color; possible uses, sub- 
stitute for white spruce. 

Sulphate pulp—Yield, 1140 Ib.; character, good strong grade 
of kraft pulp; possible uses, same as white spruce. 

Mechanical pulp—Yield, 1950 lb.; | character, good strength, 
color and fiber; possible uses, same as white spruce. 

PORT ORFORD CEDAR—Chamaecyparis lawsoniana—Weight, 
26 lb.; fiber, 3.5 mm. 

Sulphite pulp— Yield, 1150 lb.; character, fairly easily pulped, 
rather difficult to bleach, fair strength and color; possible 
uses, same as white spruce. 

ENGELMANN SPRUCE—Picea engelmanni—Weight, 21 lb.; 
fiber, no data. 

Sulphite pulp—Yield, 990 lb.; character, a little hard to pulp, 
excellent strength and color; possible uses, same as white 
spruce. 

Sulphate pulp—Yield, 1000 lb.; character and possible uses, 
similar to white spruce. 

Mechanical pulp—Yield, 2000 lb.; character, strong fiber of 
good color; possibie uses, same as white spruce. 

LODGEPOLE PINE—Pinus murrayana—Weight, 24  lb.; 

fiber, 2.3 mm. 

Sulphite pulp—Yield, 1080 lb.; character, easily pulped, a 
little hard to bleach, excellent strength and color; possible 
uses, substitute for white spruce. 

Sulphate pulp—Yield, 1120 lb.; character and uses, same as 
white spruce. 

Mechanical pulp—Yield, 2140 lb.; character and uses, a little 
pitchy but otherwise same as white spruce. 

RED ALDER—Alnus Oregona—Weight, 23 lb.; fiber, 1.2 mm. 
Soda pulp—Yield, 1160 lb.; character, soft, harder to bleach 
than aspen; possible uses, same as aspen. 

Mechanical pulp—probably same as aspen. 

PAPER BIRCH—Betula papyrifera—Weight, 34 lb.; _ fiber, 


1.2 mm. 
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Sulphite pulp—yYield, 1500 Ib.; character, easily pulped, 
difficult to bleach, poor strength and color; possible uses, few. 

Soda pulp—Yield, 1350 lb.; character, more difficult to re- 
duce than aspen, soft, easily bleached; possible uses, similar 
to aspen. 

Mechanical pulp—Yield, 3000 lb.; character, short fiber and 
poor strength, pinkish color; possible uses, as a filler with 
long-fibered stock. 

COTTON WOOD—Populus deltoides—Weight, 23. Ib.; fiber, 
1.3 mm. 

Sulphite pulp—Yield, 1035 Ib.; character, easily pulped and 
bleached, very weak, excellent color; possible uses, same as 
aspen. 

Soda pulp—Yield, 1030 Ib.; character, soft and easily bleached. 

Mechanical pulp—Yield, 2180 lb.; possible uses, as a filler 
when used with longer-fibered stocks; character, weak, 
short fibered, color good. 


Waste as Raw 


The use of logging and sawmill waste as a pulping materia! a 
few years ago was on the decline in the United States. This 
was accounted for by the fact that, in the past, the operation of 
a sawmill in any one place was more or less temporary. Also, 
the entrance of the pulping industry has hurried the departure of 
the sawmill from that locality, resulting in the loss of source of 
waste. There existed no association between the owners of the 
lumber-manufacturing concerns and those of the pulp mills which 
tended to raise the price of mill waste. When the time comes 
however, that the pulp operations can be carried on in coopera- 
tion with sawmill operations, unsuitable logs and waste from thi 
mills can be utilized cheaply for pulp purposes, and, as it has been 
found in Sweden, the price of manufacture will show a sharp de- 
crease. About 8 per cent of the total wood now used in the in- 
dustry is in the form of waste. At present this consists of hem- 
lock and spruce slabs, and other large pieces, cut from peeled logs 
and freed from bark. There are at the present time several 
mills in the South which are operating exclusively on yellow-pine 
waste. On the West Coast there have been constructed during 
the past few years several large permanent sawmills, and quits 
a few of these have seen fit to add pulp miils, or have mad 
provisions in their programs of expansion to include pulp mills 
in their scheme of operation. 

PowER 

The major considerations of the location of any industrial op- 
eration are: labor, market, power, and raw materials. In the 
case of the pulp industry the excessive freight rates on the pulp 
wood makes it necessary that the pulp mill be located in the 
vicinity of the raw materials. This fact brings up the question of 
suitable power at a practical cost. From a census taken of the 
different mills throughout the United States, and based on th 
ratings of the prime movers, it was found that about 85 per cet! 
were electric motors. Of these, some 35 per cent were operated 
on purchased current and 65 per cent on current generated at the 
mills. Washington is one of the leading states in both the 
production of water power and in potential supply. Govert- 
ment geological data give the fact that one-sixth of the nation’ 
supply is situated in the vicinity of Puget Sound. Very sati* 
factory rates may be had from the power companies now !! 
operation; some mills now in operation are obtaining a rate of 

4 mills per kw-hr. At practically all points of logical mill sites 
power may be manufactured in sufficient quantities for all mill 
needs. Due to the great number of saw mills, hog fuel may b¢ 
obtained at a nominal rate, and the state possesses enoug!i col 
to last the nation some 125 years. The coal mined may not be 
of the highest quality, but it is comparatively cheap. 
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Lapor, CHEMICAL Suppty, Erc. 
’ 


Washington has been the leading lumber-producing state since 
1905, which assures the labor supply in so far as the logging end of 
the industry is concerned. There are at the present time pulp 
and paper mills in operation and little difficulty has been ex- 
perienced in the lack of labor. The temperate climate also is 
tending to keep the labor turnover at a minimum. 

In considering the materials needed for the chemical processes, 
it has been found that they are all easily available. Eastern 
Washington has great deposits of sodium sulphite, sulphur is 
found in sufficient quantities in Alaska, and native lime rock is 
found in most parts of the state. 

WATER SuPPLy 

Water is another factor which plays an important part in the 
manufacture of paper. It is demanded in immense quantities, 
and many mills require 400,000 gal. of water per ton of product. 
It serves as a solvent and a carrier of chemicals in the digesters 
and cookers, it conveys the pulp through the various machines, 
The water supply is 
usually treated to remove suspended and organic matter, par- 
Much suspended matter causes 


and it is used in the boilers and heaters. 


ticularly living organisms. 
irregularities in the texture and the appearance of the finer grades 
of paper, it clogs the screens of the different machines, and it also 
causes excess waste of the bleach and bisulphite liquors. Lron is 
very undesirable. Soft water is undesirable, due to the solu- 
bility of any form of caleium sulphate and the resulting waste 
that the mixture causes. Hard water deposits calcium carbonate 
on the screens used to separate the pulp from the liquors, and 
interferes in the sizing operation. 

In a survey made by the Department of the Interior, a sum- 


TABLE 5 SURFACE WATERS OF WASHINGTON—MINERAL Ct 


» § 
Cedar Ravendale 5 42 0.74 13 0.02 G7 t.4 
Chehalis Centralia 17 18 1.01 16 0.08 7.1 1.9 
Columbia Northport is) 4.7 1.07 8.7 0.02 18 4.7 
Columbia Pasco 9 67 0.70 7.7 0.04 18 4.5 
Green Hot Springs 6 7.0 1.10 17 0.04 6.0 1.3 
Klickitat Klickitat 15 15 1.08 27 0.13 7.1 3.2 
Naches Naches 27 29 104 23 0.08 3.2 2.5 
Okanogan Okanogan 25 24 1.21 14 0.02 21 4.6 
Snake Burbank 2 52 176 19 0.05 19 5.6 
Spokane Spokane 5 4.1 0.79 11 0.02 11 3.6 
Wenatchee Cashmere 9 7.0 0.76 i 0.03 5.5 2.3 
Wood (Creek) Everett 10 13 1.15 25 0.01 8.6 4.5 
Wynoochee Montesano 2 16 0.93 11 0.01 8.2 2.2 
Yakima Clealum 6 5.8 1.12 9.9 0.02 6.7 2.3 
Yakima Prosser 18 17 0.94 #19 0.10 16 6.1 


mary of the report states that an estimated 95 per cent of the 
river waters of the state are suitable for industrial purposes, and 
that they are unusually low in mineral content, having little 
suspended matter. Table 5 gives the chemical analysis of the 
principal rivers of the state. 


PuLp-MAKING PROCESSES 


The Preparation of Pulp Wood. The processes employed in 
the manufacture of paper have undergone radical changes since 
the ancient days when paper making was strictly a hand process, 
but the fundamental principle involved has changed but little. 
To produce an even layer of closely intertwined fibrous material 
that will have strength and that will bear ink was the original 
concept of the makers of paper, which still holds true to this day. 
Of course the varied uses to which paper is put now, from the 


INTENT IN PARTS PER MILLION a 
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softest of tissues to the roughest of roofing paper, calls for a 
very much more complicated process involving a thorough 
understanding of the chemical and mechanical features that come 
into play. 

This technical feature has resulted in much specialization, 
until now the details of the paper-making industry are thoroughly 
understood only by those actually engaged in the process, hence 
the layman must be contented with just a broad outlook on the 
whole situation. In the following paragraph a brief description 
of the preparation of pulp from wood by the four principal 
processes will be given. 

The logs as they come to the mill are covered with bark, sand, 
and mud that must be removed before the wood can be used. 
The logs are first cut into either two-foot or four-foot bolts and 
then relieved of their bark by either of the following three 
methods: 

1 Inthesmaller mills, and in mills handling a pulp wood whose 
bark can be readily removed, hand methods of removing the 
bark are used, but in the larger mills, machine methods are em- 
ployed. 

2 In the “barking drum” the four-foot bolts are introduced 
with water into a horizontal drum (as large as 45 ft. in length and 
12 ft. in diameter), which is revolved at a slow speed by means 
of a gear drive. The drum is made open at the ends with strips 
of angle iron that project into the interior fastened longitudinally 
through its length. The rotation of the drum tumbles the wood 
over and over, and its bark is removed by the friction of the bolts 
against the rough surface of the drum and against each other. 
Eighty per cent of the pulp wood is stripped of its bark by this 
method, the pieces with bark intact being sent through the drum 
asecondtime. The cost involved in the process is low, the amount 

of wood wasted is small, and 
large 
handled per day. 


quantity can be 
For this 


Zz reason drum barking has been 
& 2 universally adopted for the 
= preparation of newsprint 

ty = = wood. 

& 22 3 In the “barking” or 

ga §Y = = = “rossing’’ process the pulp 
go ovat Z U 

wood is pressed against a re- 
3.6 0.0 28 5.7 0.20 1.2 49 
6.5 0.0 31 64 010 52 63  +#&4Volving disk about 4 ft. in 
4.7 0.0 73 12 0.23 0.6 84 
60 0.0 73 11 014 07 83 diameter set with four or six 
5.6 5 2 79 

61 0.0 43 59 0.08 04 71 its surface. As the disc re- 
8.5 0.0 81 16 028 O8 110 

4 00 83 21 053 81 131 Volves the wood is turned on 
5.3 0.0 48 92 0.23 0.6 63 its axis by a mechanism, and 
4.2 0.0 28 7.4 0.31 1.0 46 ° 

7.6 0.0 51 7.8 031 2.9 86 the bark, together with 10 to 
4.8 0.0 36 5.7 0.29 2.1 53 « ; 
37 00 32 62 025 16 47 20 per cent of the wood, is 
4 0.0 80 1 0.34 5.2 123. removed. The rossed wood 


is considered a better product 
than the drum-barked wood, and commands a price a few dollars 
per cord higher than the latter. The greater waste in the rossed 
wood is evident, however. Fig. 1 shows diagrammatically the 
manner in which materials are handled in the average plant up 
to the grinding process. 

In some mills utilizing sawmill waste, two-foot spruce blocks 
free from bark, knots, and irregularities are used in great propor- 
tions. The weight of the pulp wood, in consideration of its 
transportation cost, is not as vital a factor in the Pacific North- 
west as in some other sections of the country where the wood is 
hauled over some distance. However, where transport by rail 
at a published rate per 100 lb. is involved the weight of the wood 
becomes a serious factor, and explains why the barking and 
rossing plants are frequently located near the timber supply 
rather than at the mills. The wood is handled in mechanical 
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splitters at this point to convert it into handier sizes for the 


coming processes. 

The Manufacture of Mechanical Pulp. ‘he imvortance of 
mechanical pulp in the American paper industry, especially in 
supplying the deman:is for cheap newsprint, should not be over- 
looked. The United States Department of Agriculture issue:i 
figures for 1922 showing that ‘‘“Mechanical pulp made up slightly 
over 2,580,006 tons of American pulm reaquiremenis in 1922, or 
44 per cent, and constituted the largest pulp grade. Since, how- 
ever, the yield per cord by the mechanical process is relativeiy 
high in terms of pulp wood, the 1922 requirements for mechanical 
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pulp were slightly less than 2,600,000 cords or only 20 per cent 


of the total.” 
The wood species used in the Pacific-Coast region for the 


mechanical process are largely spruce, cottonwood, and hemlock, 
with some white fir. Many mills are in operation also whose 
main source of pulp wood is the wastewood gathered from the 
lumber mills. 

Mechanical pulp alone is very seldom used in the manufacture 
of paper, but it does form a large percentage of newsprint, paper 
boards, wrapping paper, etc. The percentage to be added varies 
all the way from 15 to 80 per cent, depending upon the quality, 
strength, and the appearance of the paper desired. 

In this process the fibrous constituents of the wood are torn 
apart by mechanical abrasion. The grindstone for the two-foot 
blocks hasa face 27 in. wide and a diameter of 54 in., and is mounted 
horizontally in a heavy cast-iron box. There are three pockets 
over its circumference into which the blocks can be placed under 
a five-ton hydraulic pressure, giving a unit pressure about 40 
to 50 lb. per sq. in. In the grinding room of the 25-ton mill at 
Edmonds, Wash., a 1250-hp., 60-cycle, 3-phase synchronous mo- 
tor is direct connected to two grinder units, each with three 
pockets. The stone is rotated at 257 r.p.m. The capacity of the 
27-in., 3-pocket grinder is about 8 tons of pulp per 24 hours, on 
an air-dry basis. Later tendencies have been toward the utiliza- 
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tion of 4-ft. bolts on a 54-in. faced grindstone, and with better 
efficiency. The latest developments, however, have been to- 
ward the installation of 4-pocket grinders, which feed the wood 
in a steady stream from a magazine without losses in time or 
production. 

A stream of water is added continuously to the abrasive sur- 
face of the stone. A minimum quantity of water gives a product 
termed “hot ground” pulp, which is a coarse-fibered pulp 
resulting from the tearing apart of the wood. The production 
of the hot-ground pulp is greater than that from the cold-ground 
pulp, which is produ:ed by adding an excess amount of water to 
the stone, but the fibers are not as fine or uniform in grade. 

The pulp is carried by the flowing water into a chamber below, 
where it passes through a series of screens. The mesh varies in 
size from 0.4 in. for the initial screens to 0.012 in. for the tiner 
The fine pulp is carried by the excess water to the wet 
where it is formed into thick sheets by the removal of 
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water. Fig. 2 shows in diagram the flow of materials in this 
process. 

The wet machine consists of a partially submerged screen 
cylinder rotating in a large vat. As the drum rotates the water 
passes through to the inside of the drum, leaving a thin layer of 
pulp on the outside of the wire cloth. The layer of pulp is re- 
moved from the top of the drum by an endless felt, which is held 
in close contact with it by means of the pressure from the couch 
roll, causing the web of the pulp to adhere to the felt. The pulp 
is wound up on a large wooden cylinder until a good sized sheet 
is formed, when it is cut across and removed. 

The water content at this stage is about 70 per cent, but if 
shipments are to be made in the form of bales the sheet pulp 
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is placed with alternate pieces of sacking into a hydraulic press 
where a fifty per cent air-dry pulp is obtained. (Air-dry pulp is 
pulp containing 10 per cent moisture, an amount that absolutely 
air-dry pulp will absorb from the atmosphere.) 

As may be expected, the resulting pulp contains practically all 
the constituents of the original wood, has little strength, and is 
not of permanent character. Simplicity, however, serves to 
make the process rnuch cheaper than the chemical processes, 
ani hence it is used whenever the quality of the paper does not 
demand the finest of pulp stock. 
Chemical Process. The diagrammatic sketch of 
prepared by ‘. Krimmel of the Hammermili Paper 
illustrates the three common chemical processes; 
Here sre illus- 
the main constituents and the processes involved in the 


The Soda 
Fig. 3, 
Company 
namely. soda, sudphite, and sulphate processes. 
trated 
manufacture of eh: ‘nical pulp. 
pulp fibers obtaine.i ave identical to the actual composiiion of the 
wood wood is 
partially dissolved by chemicals, and a fiber of nesriy pure 
cellulose is obtained. All three processes are found on the 
Pacific Coast, and a high-grade product is being turned out by the 
mills. In the soda chemical-process mills the prepared bolts of 
wood from the barking process are carried by conveyors to the 
chippers, steel or cast iron disks 7 ft. in diameter, set with two or 
three radial knives on the surface and operating at 200 r.p.m., 
waere they are reduced to chips about '/, in. thick. These chips 
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are next broken into smaller pieces by crushers or disintegrators, 
which they pass through screens. The screened 
chips are then carried by conveyor belts to bins directly above and 
opening into the digesters. The chemical used is sodium hy- 
droxide. High-pressure steam is admitted to the digesters 
to aid the action of the chemicals. Fig. 4 illustrates the flow of 
materials through a plant employing the chemical process. 

The stationary digester in which the cooking is accomplished 
is cylindrical in form, 28 ft. high by 7 ft. in diameter, and made of 
‘in. plates, conically shaped at both top and bottom. The 
ordinary charge of four cords requires approximately 3500 gal. 
of liquid, and requires about eight hours for complete digestion. 
The pulp sludge is then blown into the “blow pit,” a large covered 
tank with a false bottom set about a foot above the inclined 
Permanent bottom. The pulp settles to the false bottom, while 
the liquid drains through and is pumped to the recovery tank. 

A thorough washing is then required to remove the chemicals 
from the pulp before it is passed to the bleachers. The bleaching 
operation is performed in a conical basin about 10 ft. high by 5 
ft. in diameter, containing an inner cone, at the bottom of which 
48 & mechanically operated screw device which keeps the pulp 


following 
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in a continuous circulation up the inner cone and down the sides 
while a bleaching solution of CaClOCl which forms HClO in 
solution. 

The Sulphate Process. In this process chips about 1 in. to 
1'/, in. in size, together with the liquid digesting solution, are 
fed into stationary digesters similar to those described in the 
soda process. The solution used contains sulphur in the form 
of a sulphide and is alkaline in character. Superheated steam 
at 449 deg. fahr. and 125 !b. pressure is used in connection with 
the solution. A thorough washing to remove chemicals follows 
the completion of cooking. The sulphate process has a distinct 
advantage in the Pacific Northwest where the resinous woods are 
found. The sulphate mills being equipped at the present time 
are utilizing hemlock and fir slab waste from the sawmills, which 
indicates the importance of this process in the economical utiliza- 
tion of our forest resources. The product classified as ‘Kraft” 
pulp is of great strength and is demanded by manufacturers of 
wrapping paper. 


The Sulphite Process. The dissociation chemicals used in this 
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process are composed of sulphurous acid and the bisulphites of 
lime and magnesia. The woods are mainly spruce and hemlock 
with yields running close to 1000 Ib. per cord. The cooking 
operations are somewhat similar to those described in the soda 
process, and the washing process takes place after the liquid 
has been drained off through the screen bottom of the blow pit, 
shown in Fig. 5, which also shows the digesters used in this process. 
About three hours is consumed in washing, after which a fine 
fibrous pulp results. In the soda and sulphate processes pre- 
viously described elaborate chemical-recovery methods are em- 
ployed, but in the case of the sulphite process no attempt is made 
to reclaim the chemicals. However, chemists are investigating 
the possibility of further utilization. Owing to the fact that the 
non-fibrous portion of the wood dissolved in cooking represents 
about one-half of the original wood, about 50 per cent of the raw 
material for the sulphite process is wasted. The process is 
relatively expensive, since only about 30 per cent of the original 
air-dry wood is converted into pulp. The product, however, is of 
excellent quality and is frequently mixed with the cheaper me- 
chanical pulp in order to give the latter sufficient strength for the 
manufacture of newsprint. 


Process oF Paper MAKING 


The paper-making process as carried on in the Pacific-North- 
west region is practically identical with that in any other section 
of the country, except in the variations of the refining and sizing 
operations, and hence will not require treatment here. 

Before admitting the pulp to the machine the fiber is made re- 
sistant to the ink by the addition of some form of animal or vege- 
table size or glue, which must be applied to the paper either as 
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a coating on the sheet or mixed with the pulp in the beating ma- 
chines. The latter process, known as engine sizing, consists of 
filling up the interstices of the fiber with a chemical precipitate 
of finely divided rosin, which when dried on the paper machine 
makes the paper resistant to moisture. Cheap loading material, 
such as china clay, kaolin, or calcium sulphate, are added to a 
moderate extent of from 10 to 15 per cent to close up the pores 
of the paper. This makes the paper softer and gives the surface 
a smooth glaze which is especially good for writing and printing. 
Pigments and colors also are added at this point as required. 
A process of refinement known as the Jordan process, and con- 
sisting of a constant agitation of the pulp to prevent settling of 
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the fibers, precedes admission to the machine storage and mixing 
chest. 

Fig. 6 shows in diagram the flow of materials from the mixing 
chest to the paper machine. Fig. 7 shows diagrammatically the 
wet end of the Fourdrinier paper machine and follows the several 
operations through to the final roll of paper. 


CONSUMPTION OF Woop PuLpP 


Consumption by Process. There have been 
the preceding pages the four principal methods of manufacture of 
wood pulp. These can be divided into two principal groups 
with respect to consumption, the mechanical and the chemical, 
the latter again being divided into three grades: the soda, the 
sulphate, and the sulphite. The mechanical, or groundwood, 
pulp constitutes about 80 per cent of the ingredients of newsprint, 
of which millions of tons are manufactured annually. It is also 
used to some extent in the manufacture of other grades of paper 
and board. Bleached soda pulp is largely an American product 
and is used most commonly in a variety of both colored and white 
papers, such as book paper, etc. Sulphite pulp, both bleached 
and unbleached, is used most extensively throughout the world, 
due to its variety of grades. When bleached it is the cleanest and 
the whitest of all pulps, and when mixed with rags gives a very 
high grade of paper and board. Very good paper is also made 
from the pure, bleached sulphite pulp, or from a mixture of this 
and other high grades of wood pulp or reclaimed stock, but such 
paper is usually inferior in strength and durability to that made 


described on 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


from the addition of the first raw materials for paper making 
rag stock. Bleached sulphate is used in the manufacture of 
higher grades of paper. 

In the year 1924 the consumption of wood pulp was distributed 
as shown in Table 6 in the four different processes: 


TABLE 6 CONSUMPTION OF WOOD PULP IN 1924 
Process Cords Percentaye 
Mechanical 1,643,955 28.5 
Sulphate 626,022 11 0 
Sulphite 2,691,492 
Soda 806,613 14.0 
Total 5,768,082 100 0 


The United States far outranks the other countries of the 
world in the use of paper, as is shown in Table 7, covering annual 
consumption in the year 1920. 


TABLE 7 PAPER CONSUMPTION OF UNITED STATES IN 1920 
AS COMPARED WITH OTHER COUNTRIES 
Country Pounds per Capita 


United States 148 
7 


Great Britain 
Germany 45 
Scandinavia 33 
Japan 11 
Russia 5 


In 1922 there was used in the United States newsprint paper 
alone at the rate of 45 lb. per capita. Some 74 per cent of the 
paper used was made of wood, and of this 74 per cent some 56 per 
cent was purchased. From the year 1916 there has been a de- 
cided advance in the importing of pulp wood which is not alto- 
gether due to the inability to compete with the foreign countries 
in the manufacture, but to the decided increase in the demand 
In 1922 there was a total of 1,259,000 short tons of wood pulp 
imported into the United States, largely from Sweden and 
Canada. This total was divided up into 215,000 tons of ground- 
wood, 714,512 tons of sulphite, and 328,000 tons of sulphate 
In the same year the United States only produced some 3,521,600 
tons, which means that 26 per cent of the pulp wood available 
for consumption was imported. 

In 1926 the United States imported more than 1,700,000 tons 
of pulp, 300,000 tons being mechanical and 1,400,000 tons 
sulphite and sulphate, an increase of 441,000 tons per year in the 
past four years. These figures are exclusive of the wood imported 
and manufactured into pulp in this country, which amounted to 
some 1,500,000 cords. In this same year it is estimated that not 
over 2,000,000 Ib. of paper were made from wood grown in 
America. Also, 4,300,000 tons of paper were made from re- 
claimed stock and home-grown wood, as compared to 3,521,000 
tons in 1922. The pulp consumption has been increasing from 
5 to 7 per cent annually, and of this total quantity of pulp used 
approximately 22 per cent is from wood grown in the United 
States. 

In Fig. 8 it may be seen that the consumption of pulp has 
steadily increased since 1922, which was an abnormally low year 
It may also be seen that the imports have increased with the 
consumption, which shows that the home production has not kep! 
pace with the consumption. 

Consumption by Species. From the statistics compiled for 
1924 it is found that the wood consumption by species was 4% 
shown in Table 8. 

TABLE 8 WOOD CONSUMPTION IN 1924, BY SPECIES 
Per cent of total consumption 


Spruce— Domestic 36.1 

Imported 15.4 
Hemlock 16.7 
Yellow Pine 7.4 
Poplar— Domestic 3.8 

Imported 2.4 
Balsam Fir 5.4 
White Fir 1.6 
Larch 1.3 


None of the other species formed more than 5 per cent of total. 
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In the United States. Every portion of the United States 
is engaged in the production of wood pulp to a greater or less 
degree, the center of production in the past having been in the 
New England States. In recent years, however, the pulp in- 
dustry has spread to an unbelievable extent, and has not, as have 
most industries, moved from one locality en masse to another, 
but has branched out all over the United States. Table 9 gives 


TABLE 9 PRODUCTION OF WOOD PULP BY QUANTITY AND 
VALUE, BY STATES 


Quantity, Value in dollars 
State Tons of 2000 Ib Total Average per ton 
United States 3,723,266 186,724,129 50.15 
Maine 805,451 41,823,676 46.71 
New York 755,156 33,540,521 44.42 
Wisconsin 609,081 30,475,682 50.04 
Pennsylvania 216.862 16,315,962 75.24 
Washington 159,539 5,265,969 33.01 
New Hampshire 151.863 11,296,230 74.38 
Michigan 145,565 260 55.51 
Minnesota 141,165 6,236,781 44.18 
Virginia 136,105 8.620.315 63.34 
Louisiana 52,872 2,180,553 41.24 
Vermont $5,587 1,672,485 36 39 


a very good idea of the general distribution of the industry, 
having been compiled for the year of 1924. Since that time the 
expansion has been on an even greater scale, the principal ten- 
dency being towards the Southern States, and in the course of the 
past year towards the Pacific Coast States. 

Throughout the United States there is a total of not less than 
1680 mills engaged in the pulp and paper industry; of these, 840 
are paper mills, 315 are pulp mills, and 525 are pulp-less paper 
mills. 

In Washington. At the present time it is difficult to ap- 
proximate the production of wood pulp in the state of Wash- 
ington for any definite period of time, as there are announce- 
ments every day of the construction of new mills or the expansion 
of older mills. At the present time a great many of the estab- 
lished lumber companies are investigating the industry with an 
idea of operating the pulp industry in conjunction with the lum- 
ber mills. This is particularly feasible at the present time, due 
to the fact that the mills have as a rule cut the timber on the lower 
levels and have moved back to where there is a greater per- 
centage of hemlock in their timber stands. Then, too, the con- 
stant inquiries by Eastern capitalists regarding the possibility 
of locating sites, as well as the floating of new bond or stock is- 
sues for new mills, brings the matter of pulp production in the 
state within the realms of pure guesswork. 


IMPORTATION OF Woop 


As is shown in Fig. 8 the imports comprise a large part of the 
total consumption in the United States. This fact is particularly 
true of the state of Washington, and it is found that 37.7 per cent 
of the sulphite pulp, which formed 29.2 per cent of the total 
consumption, was imported; 15.2 per cent of the mechanical, 
which formed 24.7 per cent of the total, and 44 per cent of the 
sulphate, which formed 9.6 per cent of the total, also was im- 
ported; the balance of the consumption being taken care of within 
the state. There was practically no exportation of the different 
pulps. These figures hold true for pulp only, as it has been found 
that the imports of paper were not so marked. Only 47 per cent 
of the total consumption of newsprint, which formed 28.8 per 
cent of the total consumption, was imported, and as in the case 
of pulp there were practically no exports. 


EXPorRTATION OF Woop 


There exists a great possibility in the future development of 
the export trade in Washington. By no means is the education 
of the Oriental countries to the use of paper a minor one. The 
Paper mills of Japan alone consumed 769,301,726 Ib. for nine 
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months of the year 1926, the pulp for all of this being imported, 
since the Japanese Government has forbidden the cutting of 
pulp wood for some time to come. The new Occidental Pulp 
Mills at Edmonds, Wash., have contracted to furnish a Japanese 
paper mill with 400 tons of pulp per month during the year of 
1927, which indicates the beginning of a coming export-trade 
prospect. There is no locality with a better situation than 
Washington for supplying this market. 


The Department of Commerce states that more than $3,000,000 
worth of paper is exported annually to the territories. Alaska 


consumed paper to the value of $250,000 and Hawaii consumed 
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from $1,000,000 to $1,500,000 worth, which is more than 50 
per cent of the exports to the territories. 

As an indication of the possible markets of pulp from this 
section of the country, it is interesting to note that one steam- 
ship company states that there is in excess of 1000 tons of pulp 
per month loaded for Havana. 

The paper markets of the lower half of the Western Hemisphere 
have been dominated by the German mills, but in view of the 
distance between Germany and these markets, it seems logical 
to believe that as soon as production has reached the stage where 
it can take care of the home market, there are wonderful possi- 
bilities in competing with the Germans for these markets. 


Tue Location AND PropwuctTIon oF MILLS 


With one exception the paper mills of Washington are located 
west of the Cascade Range; this single exception being the mill 
at Spokane, which finds a market for its product in Texas and 
Oklahoma. The balance of the mills are located along the coast, 
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and an incomplete list of the present mills is given in Table 10, 
together with their location and approximate rated capacity. 


TABLE 10 PAPER MILLS IN WASHINGTON—CAPACITY BY 
SPECIES—TONS 


Sul- Sul- 

Location and name Mech. phite Soda phate 
Camas—Crown Willamette Paper Co. 90 155 , 100 
Lowell—Everett Pulp & Paper Co. 60 
Port Angeles—Wash. Pulp & Paper Co. 220 75 
Port Angeles—Paraffine Co. 30 30 
Sumner—Paraffine Co. 35 
W. Tacoma—Cascade Paper Co. 50 
Spokane—Inland Empire Co. 75 30 
Edmonds—Occidental Pulp Mill 40 
Vancouver—Columbia River P. Co. 
Bellingham—San Juan Pulp Mfg. Co 45 
Bellingham—Pacific Coast Paper Mill 
Anacortes—Anacortes Box & Lbr. Co. 50 
Tumwater—Tumwater Paper Mills 20 50 


Much difficulty was met in securing accurate information as to 
the mills in operation, but the table contains practically all those 
of importance at the time of writing. 


TRANSPORTATION FACILITIES 


Water Rates. The Pacific Northwest is particularly for- 
tunate in its transportation facilities. Puget Sound makes an 
indentation in the coast line, with harbors equal to any in the 
world. It is accessible at nearly all points to any of the 119 
steamship lines that have Seattle as their port of call. The 
shore line is so characterized that the mills may be built directly 
on the water front and the products loaded directly on the boats 
without the costly loading and reloading of short railroad hauls. 
In the southern part of the state the Columbia River is navi- 
gable far into the timbered region, permitting loading direct 
from the mills, as is the case on Puget Sound. Due to the 
competition with the railroads the intercoastal service is of the 
best, and the efforts of the steamship companies operating to the 
Orient to retain their position in commerce makes this service 
also very good. Competition between trucking lines, the rail- 
roads, and the steamship lines, make the Pacific Coast service 
all that could be desired. To the East Coast, north of Char- 
lottesville, N. C., for a minimum of 24,000 lb. when compressed 
to 51 cu. ft. per short ton, there is a rate of 35 cents per hundred 
pounds. To the Orient, Yokohama, Manila, and Hongkong 
there exists a rate of six dollars per weight ton, and to Shanghai 
a rate of six dollars and fifty cents per weight ton. 

Freight Rates. As is the case with the various steamship 
lines, the Pacific Northwest receives the benefits resulting from 
the keen competition among the railroads. There are at present 
four trans-continental railroads serving this district which have 
branch lines, or which connect to privately owned lines, covering 
practically the entire state. This is especially true in the tim- 
bered districts, due to the fact that the different lumber com- 
panies have constructed railroads into the timber districts, where 
there was not one already, to transport their logs. 


Cost oF PRODUCTION 


No definite figures can be compiled as to the cost of production 
for the Pacific Northwest with respect to either the pulp or the 
paper manufacture, as the conditions vary almost from day to 
day and from locality to locality. Mills are at present in opera- 
tion ranging in capital invested from $150,000 for a two-grinder 
pulp mill, to $5,000,000, the latter figure being the estimated cost 
for a mill now being planned for construction at Bellingham. 
In comparison with Eastern conditions, it is found that the cost 
of pulp wood at the mill is less than one-half per cord, and for 
the immediate future at least, according to some authorities, this 
price will decrease and not increase. Wage scales are about on 
a par with the East, although they may be a little higher here. 
The cost of construction of the plants is decidedly cheaper on the 
Pacific Coast. 
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The cost of chemicals is but slightly higher than in the East, 
and as time goes on and the resources of the West become more 
developed these prices will be reduced. 

Following is given the prevailing market prices for the various 
pulp products for January, 1927 


Foreign— 
Ground wood per moist ton. a . $0.36 to $0.38 
Ground wood per dry ton. . . 0.38 to 0.42 
Domestic— 
Ground wood per moist ton 0.30 to 0.33 
Imported— 
Bleached sulphite........ hawt . 8.75to 4.50 
Unbleached sulphite. . . 3.00 to 3.15 
Prime Kraft pulp... 3.05 to 3.10 
Domestic— 
Bleached sulphite. . . . . 8.65to 4.75 
Unbleached sulphite 3.25 to 3.75 
Prime Kraft pulp. 3.00 to 3.50 


GENERAL SUMMARY 


Of all the great national industries the paper industry receives 
probably least advertising despite the fact that its products ar 
essential to the industrial life of the nation, and to the mora! and 
educational development of its people. Over 10,000,000 pounds 
of paper and paper goods were manufactured in the United States 
during 1926. Even in the state of Washington, according to thy 
latest Federal census, where the pulp and paper industry is in 
its infancy, it is among the ten leading industries. At present 
the recognized center of the industry is in the East. There is a 
great business transition going on at present throughout 
United States due to the shifting of the tide of populatior 
the uncovering of new sources of raw materials, to the location of 
new routes, and to better methods of transportation. ‘This is 
particularly true of the pulp industry. According to authorities, 
reforestation has not been highly successful in the Eastern States, 
and it is asserted that the Eastern mills have no assurance 0! 
adequate supply of wood for more than five or ten years. Thi 
logical solution is to go where the raw materials are found in 
abundance. Due to the immensity of the industry it cannot be 
located in any one locality, as is the case with other industries 
but there will be a recognized center of trade, and from all 
appearances that center will be in the Northwest. This is onl) 
logical in view of the enormous stands of virgin timber, the de- 
cided superiority over other sections in the success of reforesta- 
tion, and innumerable other factors which govern the develop- 
ment of the industry. 

Not alone in the success of reforestation does Nature seem 
favor the Northwest. She has provided the necessary ra 
materials in sufficient quantities, and has supplied an abundan' 
supply of pure water and hydroelectric power to suffice for the 
entire pulp and paper industry. As the years go by and thi 
methods of transportation advance it will be found that the 
Northwest is not far removed from the balance of the world, 
as it was considered a few years ago. It has ideal shipping [8- 
cilities and some of the best harbors in the world. The North- 
west has an established lumber industry which makes the logging 
problem a secondary one as far as methods, labor supply, ¢'¢ 
are concerned. There exists an ideal climate with small varia- 
tions in temperature throughout the year, making year-around 
operations possible in practically all sections of the country, 
which results not only in the curtailment of loss due to idl 
machinery, but also those resulting from frequent labor turnover. 
The pulp and paper industry capitalists have not lost sight ©! 
these facts, and at the present time established concerns, * 
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well as newer ones, are either constructing plants or are investi- 
gating sites for possible location. 

Manufacturers of mill equipment have been established; 
mill engineers, operating consultants, ete., have migrated and 
established offices in this section of the country, as have paper 
brokers and consumers; all of which shows that in the minds of 
a great many experts the Northwest is the coming field in the 


pulp and paper industry. 


The Federal Government has adopted a very liberal policy 
toward the pulp industry with respect to its timber lands, as 
has the state government. The state has also taken a definite 
step towards sponsoring a laboratory, similar to the government 
laboratory at Madison, Wis., 
University of Washington with the idea in view of solving the 


which is to be located at the 


different problems that arise in the pulping of the western woods. 

The developments are going on by leaps and bounds; what has 
been written today on the industry is no longer true for tomorrow; 
but that does not deter the authors from making this very rough 
survey of the entire field as it now stands, in the hopes that it 
may be a condensed summary of the radical changes taking place 
and a guide to the industry of tomorrow. 
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Haskell for the International Paper Co., 
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Change in Moisture Content of Lumber 
During Rail Shipment 


Results of Some Tests Made on Shipments of Douglas Fir Lumber Shipped by Rail During 
The Winter Season From the West Coast to Chicago 
By G. E. FRENCH,! MADISON, WIS. 


NGINEERS are interested in the degree of seasoning again weighed and moisture-content tests were made. As a 
at which standard sizes of lumber apply, and frequently = check upon these two methods of determining the change in 
also in the possibility of obtaining lumber of some specific | moisture content the total weight of each shipment was de- 

moisture content that fits it for a special use without the risk termined at the point of origin and destination by weighing the 
inges in dimension due to shrinkage and 


SW he It is therefore important to know to 


xtent the moisture content of lumber changes 
luring the long rail hauls that are now a common 


necessity ol lumber marketing 


Chis paper presents the results of an investiga- 


made to determine whether or not lumber 
placed aboard cars at the sawmill at a low mois- 
ture content will change in motsture content during 
transit to such a degree as to defeat the purpose of 
careful seasonmg for general or speciiic uses. 
(sa preliminary step in the study, representatives 


Forest Products Laboratory and of the Forest 


Service district: products office, Missoula, Mont., 
early in 1926, determined the change in moisture 


t of six carloads of lumber shipped from Idaho 


to the vicinity of Chicago. The late winter and 
spring scason Was st lected as the time for the tests 
because this is the period of highest humidity of 


the vear. In the six cars tested containing largely 


wh-thick flat stock of white fir, western vellow 


ind western white pine, the moisture change 
of material while in transit was slight except for 
some material with an average moisture content 
uf 380 per cent that lost about 5 per cent. 


In view of the small changes which these ship- 


hells showed, tha l orest Products Laboratory 
decided in 1927 to determine not only the change 
erage moisture content for carloads of lumber 


ul » show in what portion of the load local 


hanges, if any, were taking place. The cooperat- 
ing company, whose plant is located in western 
Oregon, was shipping clear grades of Douglas fir f 
kiln-dried to an average of 8S per cent morsture 
content and common grades of Douglas fir kiln- 
dried to approximately 20 per cent. Five cars of 
flat clears were tested, one car of clear quarter- 
round and erown molding, and one car of common 
shiplap. Eighteen sample boards were placed in 
the same relative position in each ear. They were * 
protected from any extra-moist boards in the vicinity 
by being placed between check boards of approxi- 
mately the same moisture content as the sample. Fig. 1 Diagrammatic Cross-Section oF Freigut Car as Loapep Witrn CLEAR ; 
Each sample board was sampled for moisture Graves or Fir 
content and weighed to the nearest hundredth of a (The small rectangles indicate the location of the sample boards within load in the 1927 : 

he ; tests. Figures in small rectangles show average local change in moisture content of . 
pound at the time it was placed in the car. At lumber during transit.) 


destination (Chicago) the sample boards were 
car loaded and empty. The results obtained by all three 
Forest Products Laboratory ail 9 
methods, namely, (1) change in weight of sample boards, (2) 

Presented at the First National Meeting of the A.S.M.E. Wood a 
Industries Division, Grand Rapids, Mich., October 17 and 18, 
1927, by moisture-content determinations of the samples at origin 


ils 


change in weight of total shipment, and (3) change determined 


L- 0.1 | | 0.6% 
1 


and destination, were so similar that only those changes shown 
by the sample-board weights need be considered here. 

The data obtained are shown in Table 1 and illustrated graphi- 
cally in the diagrammatic cross-section of the freight car in Fig. 
1. For the five cars of flat clear Douglas fir the average change 
in moisture content was a 0.2 per cent increase (based on the 
oven-dry weight of the samples); for the more loosely loaded 
molding, 0.8 per cent increase; and for the common lumber, 
a loss of 0.4 per cent. The changes were so small as to fall well 
within the possible error of moisture determinations. The sam- 
ples distributed throughout the loads gave no definite indications 
of local changes. As all of these shipments were made from the 
West Coast two-thirds of the way across the continent, with 
only the ordinary precautions used in loading box cars during 
the wettest period of the year, it is quite reasonable to conclude 
that during the usual haul in good box cars no appreciable change 
in moisture content of lumber need be expected. 

This information is significant. It means that stock placed 
in the car in satisfactory condition as to moisture content will 
reach the unloading point in practically the same condition. 
If, on the other hand, it is received in bad condition by the con- 
signee, the fault, unless the car is in a poor state of repair, must 
be with the seasoning methods employed. 

The virtual elimination of this “unknown” between shipper 
and consignee brings the moisture-content problem one step 
nearer solution. 

TABLE 1 CHANGE IN MOISTURE CONTENT OF DOUGLAS FIR 


SHIPPED BY RAIL DURING THE WINTER SEASON FROM 
THE WEST COAST TO THE VICINITY OF CHICAGO 


Average 
moisture Change in 
Date content moisture 
Carload Date reached when content 
shipment shipped, consignee, loaded in transit, 
No. 1927 1927 Grade per cent per cent 
1 Jan. 25 Feb. 10 Clears 8 +0.2 
2 Feb. 4 Feb. 28 Clears 8 + 0.3 
3 Feb. 10 Mar. 4 Clears 10 +0.3 
4 Mar. 18 April 5 Clears 9 —G.1 
5 Mar. 25 April 16 Clears 7 +0.3 
Av. +0. 20 
6 May 5 May 25 Quarter-round s +O.8 
and crown 
molding 
7 May 6 May 24 Common 21.0 —).4 
Discussion 


ARTHUR KOEHLER.? 
determination is the one most commonly used. 


At present the old method of moisture 
In this method 
a cross-section about */, in. wide is cut out of a board, and is 
immediately weighed. It is next dried in an oven at & tempera- 
ture of 212 deg. fahr. until the sample no longer loses weight. 
It is then considered to be ‘oven-dried.’ It is well known to 
chemists that not all of the moisture is removed by this process, 
but for practical purposes it is considered absolutely dry. The 
percentage of moisture is then computed from the two weights. 
With pitchy woods, like pine and Douglas fir, there is a loss in 
oils that are also evaporated from the wood; ordinarily, however, 
this is a negligible quantity and does not affect the moisture con- 
tent determination seriously. This is a cumbersome method of 
determining moisture content, and we are working to produce 
some simpler method. Some promising pieces of apparatus 
have been developed, but they are not yet ready for commercial 
use. There is a definite relation between moisture content in 
wood and the humidity of the atmosphere when at equilibrium, 
irrespective of the species, but a piece of light wood like poplar 
will change in moisture content more rapidly than a piece of 
heavy wood like white oak. Therefore, over a limited period of 
time, such as is required for shipment, it might be possible for 
one kind of wood to pick up more moisture than another kind. 


? Forest Products Laboratory, Madison, Wis. 


N. 
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Moreover, sapwood and heartwood are not influenced equal! 
Sapwood will take on and give off moisture more rapidly. ‘T}y 
size of the piece also has a great deal of influence. A larg 
timber has less surface expanse for its volume than a small piew 
therefore less change in moisture content is to be expected, but 
Table | of the paper shows that even a carload of molding, 
which consists of small dimensions, did not suffer serious chang: 
in moisture content during transit. 


The results of the tests are very interest - 
So far as IT know 


Tuomas D. 
ing, but two very essential points are missed. 
most furniture men who import lumber in freight cars eithe: 
want it what they call “well air-dried,” or kiln-dried, which 
means a moisture content of 4 or 5 per cent. If the lumber is 
air-dried and contains about 15 per cent of moisture, I do not 
believe lumber in this condition will give off much moisture iy 
The author’s test shows that lumber with 21 per cen 
of moisture lost 0.4 per cent. It is my impression that if thy 
lumber under test had contained 4 or 5 per cent of moisture, tly 
absorption in transit would have been considerably greater anid 
would have led to results which the author seems to have waived 
My own experience in testing « 


transit. 


aside as possibly negligible 
number of cars of lumber has been that apparently well-dric: 
lumber will show 2 or 3 per cent of absorption, principally in thy 
boards that are exposed, or near the top of the pile, or near thy 
door. That is not a scientific statement, because of the crude 
way such tests are made in the trade. 


R. K. Merri. 
with dimension stock. 
carefully in the permanent file, and have never been written up 
When this paper came up, I was reminded of what we did in con- 
nection with kiln-dried dimension stock. It might be necessary 
for us to operate a mill; build a modern dry kiln; dry boards, and 
cut dimension stock very close to the source of supply, such as is 
being done by some of the body manufacturers. We wanted 
to find out whether these kiln-dned dimensioned pieces would 
pick up any considerable amount of moisture in a trip across thy 
country, so we took several pieces and shipped them in freigh! 


We experimented two or three years ago 
These experiments are all filed away 


cars, along with our finished product, to Los Angeles and to New 
York City, with instructions to the warehouse men at the other 
end to enclose these pieces in oiled paper, which we sent along 
with them. We laid them open in the freight car, without an 
attempt to cover them up, and, in fact, on top of the pile o! 
material in the car. The pieces were then shipped back, cn- 
closed in the oiled-paper container, and were tested wher re- 
ceived. The results showed that the samples had not absorbed 
in excess of one per cent of moisture, based on the bone-dry weigh! 
We were convinced from that that we could safely ship kiln-crice 
dimension stock to the seaboard, if necessary, and there assem)! 
it without very much greater deterioration than it would ex 
perience in allowing it to stand around in the factory. 

Paut H. I have made extensive tests as to 
gain in weight of lumber due to moisture absorption. Stock 
for cabinet work that is dried down to 5 and 6 per cent of moistur 
will gain about 2 per cent of moisture in the shop before it is in th 
finished article. In summer weather, or wet weather when difh- 
cult to keep the windows closed, there is the greatest gain; 
averages about 2 per cent. In winter weather the lumber ! 
sometimes stay at dry weight; especially if in a dry part of th 

3 Director, Woodworking Division, Bigelow, Kent, Willard & ©: 
Inc., Boston, Mass. Mem. A.S.M.E. 

4 American Seating Co., Grand Rapids, Mich. Mem. A.S.\1.E- 

5’ Asst. Factory Manager, Steinway & Sons, Long Island (1!) 


Y. Assoc-Mem. A.8.M.E 
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factory where there are process kilns, or warm boxes, or something 
of that kind. Five or six years ago we bought Pacific Coast 
stock for a particular piano part, and specified kiln-dried, 6 per 
vent stock. To the best of our knowledge the stock was so dried. 
When reeeived in New York, the shipment time varying from 4 
to S weeks, we noticed a gain of 2 to 3 per cent in moisture. 
Shipment was by box car. This is a much greater gain than has 
wen indicated here by either Mr. Merrill or the author. 


D. J. MeLauauuin.® Mr. Perry’s remarks are quite interest- 
ing to me beeause of an experience that I had some time ago 


Yawiran & Lerbe, Roche ster, N. Y. 
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with the Wood Mosaic Company, in connection with their 
Victor contract. 

The Wood Mosaic Company kiln-dries lumber to 3 per cent 
moisture content, and it has been found necessary to paper the 
cars in order that the material could be used without redrying 
when received. 

Experience has shown that different materials pick up from 
2 to 3 per cent of moisture between Louisville, Ky., and Camden, 
N. J. The wood referred to was chestnut, and to my mind this 
bears out (he argument that different kinds of wood pick up 
different quantities of moisture in transit under equal conditions. 
The soft wood picks up more than the hard wood. 


\ 
r 
} 
it 
it 
d 
al ae 
pd 
he 
de 
ay 
4 
ry 
nd 
1s 
ed 
hy 
ew 
ner 
ner ‘ 
f 
( 
if 
(‘lie Ag 
re- 
ni ‘ 
red 4 
| ¢ 
the 
7 
ur 
the 
iffi- 
thi 
be 
it) 


i 
ay 


The Need of Research on Tropical Woods 
Before Marketing Them 
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By ARTHUR KOEHLER,! MADISON, WIS. 


After establishing the value of research in woods over cut-and- 
try methods of determining their properties and values, the author 
discusses two main lines of research which should be carried on with 
tropical woods, the determination of the normal properties of the 
species of wood, and the determination of means of overcoming ob- 
jectionable qualities that may appear in the species. 


O TALK about the need of research on tropical woods 

before trying to market them on a large scale may seem 

a bit like overdoing the modern trend toward scientific 
exactitude, especially when we consider that man had learned 
to use all the important European and American woods with a 
considerable degree of efficiency before the word “research” 
ever was heard outside of learned halls. Ordinary common 
sense suggests the question, why can we not go ahead and im- 
port new species of timber from the tropics and find out what 
they are good for, just as our forefathers found that hickory is 
the best wood for handles, cedar one of the best for fence posts, 
and white oak one of the best for wagon gears, before any scien- 
tifie tests ever were run on these woods? Scientific common 
sense answers that we can, but that way of going at it is too slow 
and costly. How many birch, beech, maple, and other kinds 
of handles were broken in use before it was discovered that 
hickory was better? How many spruce and basswood fence 
posts rotted out in short order before it was realized that they 
are not so durable as cedar? And how many wagons broke down 
on the highway on account of having used unsuitable woods 
in their construction? It is a long story, the development of 
the use of the right kind of wood for the right purpose, some 
of it dating back to the dawn of civilization. Even yet the 
story is not complete, for we can find any number of cases of 
the wrong kind of wood being used for specifie purposes, or of 
whole industries being guided by prejudices which have no 
foundation in fact. 

Research furnishes data more quickly than cut-and-try meth- 
ods. There is nothing mysterious or uncanny about research. 
It is simply systematized investigation. Instead of the so- 
called practical method (but in reality not highly practical) 
of trying this and that until a suitable combination is reached 
by the hit-and-miss method, research takes advantage of all 
the ave‘lable information on a subject and then finds new facts 
to conneet with what is already known. It is an interesting 
side-light on the progress of civilization that two such old and 
basic industries as farming and lumbering have much less re- 
search to their credit in proportion to their extent and age than 
some of the newer mechanical industries. Necessity, not initia- 
tive, is the mother of invention. Nor has the lumberman any 
brighter prospects ahead immediately, because the road to pros- 
perity has not been paved with research; in fact, in some cases 
it is not yet known in which direction the road should be laid 
out. 

In addition to furnishing data comparatively quickly, scien- 
tific research when properly carried on does away with guesswork 
and supplies facts. Good research is conducted under con- 


‘In charge, Office of Wood Technology, Forest Products Labora- 
tory. 
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trolled conditions by men who are trained to observe carefully, 
to see small differences, and to make unbiased reports, whereas 
rule-oi-thumb data are developed under varying conditions, 
often by untrained observers, and as a result usually lead to 


conflicting practice. 

Finally, research is a capital investment. A piece of research 
properly carried out need never be repeated; it is not a recurring : 
expense. Generation after generation can use it and build an 
addition to it without in any way impairing the value of the 
original structure. Knowledge once gained is good for all time. 


Malin Lines or Tropicat-Woop RESEARCH 


In the study of tropical woods there are two lines of research 
which should be carried on: 
1 The determination of the normal properties of the species 
of wood 
2 The determination of means of overcoming objectionable 
qualities that may appear in the species. 


DETERMINATION OF NORMAL PROPERTIES 


Wood has more than a score of properties that are important 
in its utilization, among which are the following: weight, strength 
as a beam, toughness, stiffness, hardness, resistance to wear, 
stability, plasticity, durability, workability, nail- and screw- 
holding power, gluing characteristics, finishing characteristics, 
and heat insulating. For some uses a single one of these proper- 
ties, as durability, may be of major importance, while for other 


uses a combination of several properties may be essential. Just 
a slight difference in properties may throw the balance in favor 
of one or another wood in specific cases. It is therefore essen- 
tial to know what the properties of a species are so that a proper 
evaluation can be made of each species and each kind of wood 


can be used for purposes for which it is best suited. 

Research on tropical woods is all the more important because 
practically nothing is known about most of them except what 
can be learned from natives and the uses to which they have * 
put them, facts which often have little bearing on industrial uses : 
in this country. 

Whatever tests are made on tropical woods should be so per- 
formed as to yield direct comparisons between the new species and 


those with which we already are familiar. I mean tests should 
be conducted under the same conditions as to size of specimens, 
moisture content, etc., as govern the accepted tests of our Ameri- 
can species. This does not mean that the tests must necessarily 
be made at the Forest Products Laboratory. Other institutions 


properly qualified and equipped could make comparable tests. ny 
The comprehensive tests already made by the Forest Products ‘ 
Laboratory and others on native woods have paved the way for 
research on tropical timbers by showing which kinds of tests are | 
the more important and how they should be made. It is out 
of the question at present to make as thorough tests on foreign ., 
species of wood as have been made on the important native spe- Sie v 
cies, and perhaps our institutions should never attempt any- a 


thing quite so elaborate. 

The following are some of the more important things that 
should be found out concerning the normal properties of tropical 
woods before importing them: (1) Means of recognizing each 
kind; (2) specific gravity of individual species, since it not only 
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indicates the weight to be taken care of in shipping and handling, 
but it is also an indication of some of the other physical proper- 
ties, such as strength and hardness; (3) actual strength values, 
by test, where the wood might be used for structural purposes; 
(4) ability of the wood to stay in place, which requires a knowl- 
edge of its tendency to shrink, swell, warp, and cup; (5) how 
the wood seasons in the open air and in kilns; (6) how it cuts 
into veneer; (7) how to glue it properly; (8) how easily it works 
under tools; and (9) what difficulties, if any, it presents in finish- 
ing. 

How effectively a wood resists decay and insect and marine- 
borer attack and how it can best be treated with preservatives 
are matters of importance mainly for wood which is to be stored or 
used in damp places or where certain kinds of insects or other 
pests particularly abound. This question of durability applies 
especially to railroad ties, piling, and structural timbers, but 
there are many industrial uses in which it is of minor importance. 
For this reason, and because of the long time required to obtain 
full information on durability, tests of this nature could be 
omitted on tropical woods to be stored and used under conditions 
favoring immunity from destructive organisms. 


OVERCOMING OBJECTIONABLE QUALITIES 


The other line of research, namely overcoming handicaps, is 
a relatively new one with respect to lumber. It has been done 
with some species, notably red gum, which years ago had no 
stumpage value on account of its strong tendency to warp, but 
now is used in high-grade furniture because methods of drying 
have been developed which reduce warping to an almost negligible 
minimum. The tendency of many species to rot quickly also 
has been overcome by preservative treatments. There are 
many species, however, not only tropical timbers but among 
our native species, that have objectionable features not as yet 
overcome which now give them a relatively low value. 

This is a tremendously important field. If the properties 
of a wood can be modified to meet certain needs, then its service- 
ability and value are at once greatly increased. 

And why should it be not possible to modify the properties 
of wood? The properties of a multitude of other materials 
have been modified. The properties of cotton, for example, are 
changed considerably by mercerizing; the quality of steel is 
greatly modified by the admixture of small quantities of certain 
rarer metals as vanadium or tungsten; gasoline is given anti- 
knocking properties by the addition of tetraethyl lead; animal 
glue is made water-resistant by the addition of paraformaldehyde; 
certain foods can be given anti-rachitic properties by treatment 
with ultra-violet rays; salt is treated to make it less hygroscopic 
so that it ‘‘pours when it rains; and the texture of Swiss cheese 
is controlled by inoculation of the curds with certain bacteria. 
Who knows what the limitations of wood are? Nobody knows 
because no one has determined its limits of usefulness if correctly 
handled. 

Seasoning and application of preservatives are the only two 
processes applied on a large scale which change the properties 
of wood and make it better suited for certain uses. 

One of the immediate needs in improving the quality of cer- 
tain species is overcoming the raising of the grain on the surface 
after sanding. This one feature has given a black eye to nu- 
merous woods otherwise highly desirable. 

A reduction in the shrinking and swelling of wood under nor- 
mal moisture changes would overcome one of the chief handi- 
caps of lumber for construction and manufacturing purposes. 
If the shrinking and swelling of wood could be reduced one- 
half by some kind of treatment, a new era would dawn in the use 
of wood. 

Another need is some method of hardening the surface of 


wood by impregnation or otherwise so that the softer woods exn 
be used for parts of furniture, musical instruments, interior 
finish, flooring, ete., in which a high degree of strength is not 
essential but a certain amount of resistance to wear and inden- 
tation is necessary. 

Making the use of fire-resistant processes for wood more pric- 
tical would overcome some of the objections to all kinds of wood 

A procedure very beneficial to producer and consumer of lum- 
ber alike would be to classify those species of wood which h 
a wide range in density into two or three density groups, each 
group suitable for certain uses. 

Some species of wood are highly variable, so that it is necessary 
to know the range in properties and to make allowances in use 
accordingly. Mahogany is a good example. Some of it is so 
hard and heavy that it almost sinks in water when dry; other 
pieces are so soft that they are not suitable for exposed parts 
of furniture. By knowing their range in properties it is possil)| 
to classify such species of wood into groups suitable for differ 
purposes. The heaviest groups might be best for substant 
parts of furniture, the lightest might be used to best advantage 
for core stock, and an intermediate group might be just the thing 
for room interiors or parts of furniture not subjected to sever 
stress. This idea of grading lumber for intrinsic properties in 
addition to visible defects is a new one in industry, although 
grain, cotton, tobacco, and other products have been graded 
that way for some time. If species of wood could be sub-classi- 
fied into groups in a practical way, the producer could sell cach 
group to those interests requiring the properties represented 
by the group, in that way obtaining a more satisfactory market, 
and the consumer could get the particular quality that he desired 

These are only a few of the things that could be done toward 
obviating objections to foreign species of lumber—and to som 
of our native species as well. 

One of the hindrances to the exploitation of tropical forests 
at present is that woods of many different species occur in 4 
stand, of which only a few are of possible use and the others 
must be left, thereby increasing the cost of logging. By know- 
ing the properties of all the common kinds in a particular reg 
or country, the best uses for them could be ascertained, and by 
knowing how to overcome objectionable qualities, additional 
uses could be found. With such information more complet 
logging could be carried on in any given forest area of the tropics 


Discussion 


H. 5. Fiemina.?. I am very much in accord with the authors 
proposal to have research work undertaken in respect to tropical 
woods and their treatment, and more especially in the matter of 
the treatment and handling at or near their point or origin witha 
view to determining means of avoiding the loss through checks 
and splitting which occur after the woods leave the humid at- 
mosphere of the tropics and begin to dry out. 

I especially commend the point that woods of many different 
species occur in a stand, of which only a few now have any com- 
mercial use, thus increasing the cost of logging, and that this 
situation might be greatly improved if the properties were known 
of the woods which have no commercial value. In my experience 
in the Amazon Basin, I found as many as 60 species of wood in one 
acre, and it is rare to find any considerable number of one species 
in a stand or witbin a reasonable distance of another of the same 
species. 


H. P. Brown.’ The utilization of the various tropical woods 
which are coming into this country, or which will be introduced 12 

2 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 

3 Professor of Wood Technology, N. Y. State College of Forestry, 
Syracuse University, Syracuse, N. Y. 
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the future, hinges in no small degree upon a proper understanding 
of their technical properties. Fortunately, a routine schedule of 
research sufficient to determine the feasibility of the utilization of 
a given kind of wood for a sp: cifie purpose is already well estab- 
lished for our domestic timbers, and the author’s proposal to 
pursue this same plan in research upon tropical woods is well 
taken. Standardization of research data, especially those of 
timber testing, is absolutely essential, even though these are at 
best only relative in their application. Not only is standardi- 
zation desirable in the United States, but also between research 
centers in various countries, a fact which is already accepted in 
England and India. I believe that we who are interested in re- 
search upon wood can state, with all due modesty, that we are 
prepared to conduct such research on tropical woods in a manner 
satisfactory to the trade. 

lhe successful introduction of tropical woods into this country, 
in my opinion, is less concerned with research, necessary as it is 
to determine their proper use, once here, than with the problem 
of their delivery into this country in sufficient quantity and of 
sufficient quality (to grade) to insure their general utilization. 
In other words, acceptance or rejection depends more on the 
quantity and the condition of the supply than upon the technical 
properties. This is rather a bold statement, but since wood lends 
itself to so many uses, surely some good can be found in almost 
any tropical timber unless prevented by price, quality, or the 
volume of the supply. 

\ few of the obstacles which the importer of tropical woods 
must surmount if he is to meet with success in his venture are 
discussed below. 

1 Prevention of Fungal Decay, Insect Infestation, and Marine- 
Borer Work. The rapidity of fungal decay of wood in tropical- 
rain forests and at certain seasons of the year in monsoon (peri- 
odic rain) forests is always a source of surprise to one whose ex- 
perience in this respect is restricted to the temperate zones. 
From my observations upon tropical woods I have been led to 
infer that it is practically impossible to ship some of the lighter, 
more perishable timbers any distance without serious depreciation 
from fungi, even though the sapwood is removed. Loss from 
this source could be materially lessened were proper measures 
employed in the jungle, but the importer must remember that he 
is dealing largely with illiterate, crude labor, and often with the 
silly superstitions of ignorant jungle folk. Moreover, in the trop- 
ics the boring insect is always to be found, and poor harbor facil- 
ities add to the difficulties, necessitating delays which encourage 
marine borers. Importers, therefore, must be prepared for 
disappointments. 

2 Lack of Sufficient Supply. With the exception of the 
dipterocarps, which are restricted to the Indo-Malayan region, 
I know of no hardwoods which are sufficiently gregarious to form 
Well-nigh pure stands. The problem of successful exploitation is 
therefore the harder to solve because of the many varieties of 
trees that grow on relatively small areas, as the author has al- 
ready pointed out. The lack of winter snows which facilitate 
logging, of rivers to float out logs, and the fact that the logs of 
many species will not float, even after prolonged seasoning in the 
jungle, with its concomitant decay infestation, make lumbering 
the more difficult. 

In many cases the absence of water transportation necessitates 
land conveyance, often over extremely rough topography, 
through dense jungle vegetation, and in regions where the tsetse 
fly prohibits the use of beasts of burden. Furthermore, the 
ignorance and conservatism of the workmen and the cost of intro- 
duction militate against mechanical carriers. In consequence 
the operator is often restricted to the use of man power to remove 
logs from the jungle—at best a slow and expensive process. 

3 The Lack of Trade Names. Mr. Alexander Howard, one 
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of the best-known tropical timber importers of Great Britairi, 
has said that the name under which the wood is placed on the 
market is one of the most important factors which govern its suc- 
cessful marketing. Man is by nature conservative and loath to 
try anything new; consequently in order to introduce a new tim- 
ber, the importer must anticipate a considerable outlay in ad- 
vertising before his sales will justify operation on a large scale. 

4 Delay in Supply. There is a lack of firms in the tropics 
especially in the Far East, who carry stocks of timber other than 
of a few well-known species, such as teak, rosewood, etc., that is, 
woods with an already established world-wide reputation. If an 
order is placed for lesser-known woods, the reply that usually 
comes back is that the lumber can be supplied the next working 
“dry” season, generally six to eight months ahead. 

5 Insistence on the Use of American Grading Rules in Purchas- 
ing Tropical Woods. Firms in the tropics with timber for sale 
feel that they cannot make the grade. In some countries they 
have their own grading rules; in others they have rules of but the 
crudest sort. In many cases the importer must cut the cloth to 
the subject; he must coin his own rules. 

6 Overestimation of the Timber Supplies of the Tropics. 
The term “jungle” does not imply merchantable stands. There 
are thousands of square miles of tropical forests that cannot be 
logged at a profit under present conditions. In certain places 
excellent stands occur, but they are the exception rather than the 
rule. Weed trees of all shapes and varieties abound, and these 
reduce the general average of quality and increase the expense 
of production. 

In conclusion, I hope I have not painted the picture too black. 
I believe in the utilization of tropical woods. Through research 
we technologists can find and devise uses for tropical timbers, but 
in my opinion that is the lesser problem in their successful intro- 
duction. Suecess or failure depends not upon finding uses for 
them once we import them into the country, but in getting them 
here sound, in sufficient quantity, and of reasonably standard 
grade and price for commercial purposes. 


D. M. Marruews.‘ The waning supply of first-grade native 
hardwood, with the consequent increase of price, directs more 
attention every year to the search for substitutes; and sub- 
stitutes other than wood, at greater prices than wood, and some- 
times with less satisfaction in use, are being very generally adopted. 
It is not willingly that wood users are thus turning to other 
materials, but only because they can no longer obtain specific 
wood material in the grades, dimensions, and quantity that they 
require in their particular industry. Quantity is a very impor- 
tant consideration. Often a user might be willing to accept a 
wood which he did not consider quite the equal of the material he 
had been using previously, if he could only be certain of a steady 
supply of this wood in the quantities which he requires annually. 

If the substitution of other materials for wood is to be checked, 
and if the wood-using industries are to continue their develop- 
ment along the lines for which they are organized, new sources 
of supply for hardwood will have to be tapped. The only un- 
developed source of supply lies in the tropics and, with the ex- 
ception of such generally used woods as mahogany, teak, and 
other rare cabinet woods, the timber species which make up the 
bulk of these tropical forests have only been abortively marketed 
in temperate regions and less in the United States than elsewhere. 
We are now in the “cut-and-try,” “rule-of-thumb” period with 
regard to them. Research along the lines suggested by the 
author is the only way in which we are going to reduce the period 
of hit-or-miss experimentation so that the tropical-wood resource 
can be made available in time to take up the slack between the 


‘ Professor of Forest Management, School of Forestry and Con- 
servation, Uni rsity of Michigan, Ann Arbor, Mich. 
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exhaustion of our present native supply and such time as we may 
be able to grow sufficient to supply at least a portion of our current 
requirements. 

General research to determine the normal properties of any 
new wood is, as the author points out, a prime requisite, but I 
am especially interested in the second line of research he mentions, 
namely, “‘the determination of means of overcoming objectionable 
qualities that may appear in any species.” The wood-using 
industry of the United States is, in this day and age, more special- 
ized than ever before and than anywhere else in the world. We 
use a minimum of labor and a maximum of machinery, and speed 
is the “essence of the contract” all along the line. This special- 
ization calls for very specific qualities in the woods which we put 
into use, and slight variations from these specific, standard qual- 
ities often cause the rejection of a wood for a specific purpose. 
Abroad new woods come into use more easily than they do here. 
In other countries users are willing and able to modify their 
methods to meet the species. We are generally unwilling to do 
this, and the suggestion that research may help us to modify 
the wood fo meet our methods is a welcome one. There is a 
wealth of valuable prime-grade hardwood in the forests to the 
south of us, but it is unlikely that we shall find many woods, in 
quantity, which will exactly meet the specifications of woods 
which are in general use here. Many will be close to native 
woods in general use, may have qualities which are superior to 
this characteristic of the native wood, but be turned down be- 
cause some minor point differs from the native wood in use. I 
had a very concrete and vexatious example of a case of this sort 
when exporting timber from Borneo to Australia. We have in 
Borneo a timber called ‘‘kruin,”’ one of the larger dipterocarps, 
known as “‘apitong”’ in the Philippines. We considered it a very 
fine flooring material and, as we manufactured by hand there, 
we had no difficulty in working it. We sent samples to Australia. 
Our friends there were very much taken with the wood, consid- 
ered it superior to any of the floorings they were getting from 
elsewhere at the price, and placed an order for several hundred 
thousand feet of blank flooring stock, intending to tongue, groove, 
and plane it there so as to avoid duty on finished wood which the 
Australian tariff imposes. The wood contains a very consider- 
able amount of oleo-resin which, unless the material is very thor- 
oughly dried, will appear on the surface of planed stock for a time. 
With our slow methods of manufacture this never bothered us. 

The Australians proceeded to put our stock through very high- 
speed planers and matchers which they had been using for Doug- 
las fir. They could not handle it. It dulled the knives; they 
chattered and produced a rough surface, and the temporary stain 
of the resin appeared on the planed surface. As a result they 
refused to accept the shipments. The distance was too great 
for it to be shipped back, and a 50,000-dollar arbitration case arose 
which threatened to go to the courts with no one knows what 
additional expense. We were four years in getting the matter 
settled, and the firm I was with lost the Australian market. We 
have since found out that adequate steam kiln-drying removes 
this objection entirely. Had we known that at the time, we 
should have saved many thousands of dollars, and a steady trade 
in the timber would have continued between Borneo and Australia. 
This is a practical example of how research alorg this line, as 
proposed by the author, is going to permit specialized methods 
and machines to take new woods and put them into use. 

Another point in the paper which seems to me of great impor- 
tance is the proposal to classify tropical species into groups suit- 
able for different purposes. This 1s a step in the right direction, 
whereas producers of tropical timber have been too long moving 
in the opposite direction. The redwood produced by various 
species of ‘‘shorea”’ in the Philippines, Borneo, Dutch East Indies, 
and Federated Malay States is marketed in the East under a host 


of local names, and elsewhere as Philippine mahogany, Borneo 
mahogany, Borneo cedar, Pacific maple, ete. This is not only 
unscientific but it is bad business practice. There are enough 
different woods in the tropics without multiplying them, and yet 
one firm that I know of has been adding trade names in the hope 
that they will get all the business in a certain wood to themselves, 
although the same wood was produced in all the countries men- 
tioned above. This was a very short-sighted policy as the mar- 
kets where they were placing their product could have taken 
much more of the wood than they could produce, and the develop- 
ment of a general market was retarded. As the author suggests, 
we need to group woods of different names but of similar qualities 
so that quantity production is possible. This will reduce the 
costs of production and assure steadier supplies to the consumer. 
However, such grouping must be scientific and based on ade- 
quate data as to the characteristics of each species. Such clas- 
sification should be based on sound research—it cannot be left to 
the producers themselves, for they have already shown a tendency 
to move in the opposite direction. 

So much for the research into the qualities of the woods them- 
selves. The author has shown that it is a very necessary pre- 
requisite to successful marketing. I would only like to add that 
research, or exploration if you like to call it so, of the sources 
of supply of the tropics is an equally needed piece of work, and the 
information so gathered should accompany the publication of 
the results of the research on the qualities of the woods themselves 
When I was conservator of forests in Borneo I was anxious to 
have some authoritative data prepared as to the strengths and 
general qualities of our more important timber species, and I had 
this work done at the University of Hongkong. When I received 
the data I handed them over to the lumber companies. They ap- 
parently sent out small samples of the various species to all of their 
agents and customers with labels attached quoting all the mor 
favorable data with regard to each species, but without stating 
what sizes or quantities could be supplied. Later on I became 
manager of the largest lumber company in Borneo, and I was 
more than once embarrassed by firm orders for quantities and 
sizes of various species which were entirely out of the power of 
my company either to produce or deliver. I remember one order 
for 20 spars of Borneo ironwood to measure 96 in. in circum- 
ference at the center and 110 ft. in length. As the species rarely 
has a clear length of over 30 ft. and a diameter of over 24 in., | 
had to regretfully decline the order. Moreover, as the wood 
weighs about 90 Ib. per cu. ft., the spars would have weighed about 
20 tons each if we could have produced them—I don’t know how 
we would have shipped them. 

Therefore in our efforts to bring the useful timbers of the 
tropics into use in this country we must be equipped with a know!- 
edge of the sources of supply and concentrate research on species 
which can be produced in sizes that will meet market demands 
and in quantities which will enable industry tO standardize with 
them in use. 

The examination of the sources of supply in the tropics should 
not stop with the mere determination of what species were presen! 
in abundance. The accessibility of the larger timber supplics, 
both as regards transportation to the consuming centers in this 
country and with respect to extraction costs of the timber in 
the forests themselves, should be determined and determined in 
detail, at least for a few strategic points. Utilization plans for 
a few tracts of a couple of hundred thousand acres each, showing 
what it would cost to log, mill, and put the finished product down 
f.a.s. at regular points of call for steamers plying between Central 
and South America and the United States, are needed so that we 
may know what species can be produced in quantity and at a cost 
which will permit industry in the United States to plan for their 
continued use. In other words, I feel that research into the 
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specific qualities of tropical timbers and the determination of how 
they can best put into use in this country should be backed up by 
information as to probable available supply, dimensions in which 
the supply can be delivered, and costs. Without this information 
research cannot concentrate on the important problems, and we 
need it concentrated on the species that we are going to be able 
to get in quantity at reasonable costs. 


T. H. Giti.e The following comment and suggested program 
is the result of a recent conference with Samuel J. Record, Pro- 
fessor of Forest Products in Yale University. 

It seemed to both of us that although there can be no question 
as to the desirability of more or less elaborate tests on various 
tropical species, there is strong reason to doubt that such tests 
will be undertaken in the immediate future. It seemed, too, 
there might be a place for an interim program which would not 
only expedite some more elaborate program but which would 
recommend itself because it could be begun immediately and with 
relatively small funds. 

This program which we thought of as an interim program is by 
no means intended as a substitute for complete tests that may 
ultimately be needed. It is rather a suggested means for ob- 
taining immediate results and answering some of the questions 
regarding the practical possibilities of certain tropical species. 

The interim program proposes the formation of a committee 
with the following three functions: 


1 Decide on the species to be tested and the nature of the 
tests 

2 Arrange for the tests with woodworking plants or other 
agencies 

3 Acquire information on the availability, abundance, and 


local uses of each species. 


The working out of this plan would be somewhat as follows: 
The committee will seek the cooperation of woodworking plants 
willing to take one or two selected species and give them such 
practical tests as in the routine of their work they are best fitted 
to give them. Preferably parallel tests should be made by 
sending specimens of one species to two or more plants. After 
an examination of the species the committee will decide to which 
plants they should be sent and the nature of the tests. It will 
also be responsible for correlating the results. 

lf in the light of these practical tests it seems desirable to 
make further tests for certain species, the work could be modeled 
on the procedure of the Imperial Institute of London. Tests 
there are made for sawing, planing, boring, nailing and screwing, 
gluing, and polishing. Mechanical tests include static bending, 
compression, shearing, cleavage, tension perpendicular to the 
grain, hardness, specific gravity, moisture, and weight per cubic 
foot. These tests are sufficient for nine-tenths of the species and 
involve no great cost. Of course the important thing is for the 
industry itself to decide on a wood; and in order to learn the 
fitness of a wood for specific purposes, the wood should be tried 
out for those purposes. 

In addition to the tests, information regarding the occurrence 
and local uses of the various species could be obtained from field 
workers in the tropics. I myself hope to collect within the next 
three years a deal of data on the range, availability, and uses of 
the more important species throughout the American tropics. 

_ The above plan would seem to combine the advantages of an 
immediate start and an adaptability to investigation on any scale 
that funds may dictate. If very little money is available a start 
could still be made by experimenting first with species now offered 
for sale but not yet established on the United States market. 


‘ eet for the Tropical Plant Research Foundation, Washing- 
on, D.C, 
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The promoters of these would undoubtedly provide specimens 
for testing purposes. Later the tests could be extended to 
other woods. British Guiana has recently reorganized its for- 
estry department and is making a survey of available timber 
areas with a view to getting all information concerning her little- 
known but potentially important woods. The forester’s report 
for 1926 indicates that they would be willing to supply material 
for testing. 

The program means a definite start toward answering some of 
the questions that must be answered before the industry will 
accept new woods—it provides a way of establishing satisfactory 
species to take the place of those that because of their scarcity are 
now becoming costly, difficult to obtain, and open to the in- 
creasing inroads of wood substitutes. 


WILLARD WINsLow.® It seems to me, from the point of view 
of a tropical lumberman, that the value of scientific research in 
connection with tropical woods is a secondary consideration. 

The natives using these woods have long ago worked out, from 
experience, the standing of tropical woods, as to durability, 
workability, and the other facts that the author states are im- 
portant. I should put the factors necessary for the successful 
use of tropical woods in the following order: 


— 


Whether the stand of timber is large and uniform enough 
to make lumbering practicable and not too expensive 

2 Whether the woods imported can successfully compete 
with woods now in use, even allowing for a steady 
advance in price 

3 The climate, freedom from diseases, stability of govern- 
ment, and labor supply 

4 Existing or probable means of transportation 

5 Scientific research in these woods, as to their suitability 

for special purposes, after a possible market is estab- 

lished and the other difficulties overcome. 


In Manila, Hongkong, Shanghai, and Yokohama the native 
workmen are satisfied to get hold of small quantities of valuable 
hardwoods in the log. These woods are sawn and manufactured 
by hand, and it is not necessary to duplicate a wood to introduce 
it. 

To interest capital to manufacture or log a tropical wood, it 
must be shown that there is a sufficient accessible volume of 
several good woods and a large and continuing supply. Also, 
all the other favorable features which I have mentioned must 
exist. The absence of any one of these factors would preclude 
any considerable investment. 

To spend the time and money required for scientific research 
as to the value of tropical woods is a waste of time and money 
if these woods cannot be obtained in commercial quantities and a 
steady supply. Any experienced tropical lumberman can tell 
at once whether the necessary factors are present and whether the 
wood is suitable to substitute for our vanishing domestic woods. 

For example, there is a wood in the Philippines that appears 
to be a substitute for lignum-vitae, but tests of this wood for tail 
blocks in ships prove that it is not, as it lacks the oil contained 
in lignum-vitae. There are several tropical woods that appear 
to be a substitute for dogwood for shuttles, but tests show that 
they lack the grain of dogwood and “check.’’ Many substitutes 
have been tried for pencil cedar, but each one is lacking in some 
special quality. 

The author speaks of “‘scientific research showing that mahog- 
any was useful for various purposes.”’ The foreman of any 
factory can tell in a day whether a mahogany is suitable for his 
work, even if he has never seen it before. The log importers in 
London and Liverpool can not only tell at a glance what the 


6 Indiana Quartered Oak Co., Long Island City, N. Y. 


ives 
h 
t 
. 
3, 
wey 
1. 
0 its 
it 
if 
0 
as : 
1d 
ol 
er 
n- 
ly 
ut 
W 
4 
Cs 
ds 
th ¢ 
ld 
nt 
8, 
118 
in 
in 
‘or 
ng 
wn 
ra 
we 
yst 
eir 
“+ 
| 


10 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


wood in question is, but can even tell with certainty from what 
particular ports of the world the logs came. 

The author speaks of scientists sub-classifying mahogany, so 
that the producer could sell ‘‘each group to the proper interests.” 
This is the a-b-c of the mahogany business, and for the past 25 
years mahogany has been sorted for special work, and even 
manufactured to suit special needs. 

It is not a generally known fact that the wood of the same tree 
varies, as well as the wood from different trees of the same species. 
This selection of wood has been carried to a fine art in the manu- 
facture of high-grade pianos. For example, in the manufacture 
of the best-known grand piano, spruce was selected with not less 
than thirteen grains to the inch, as it has been found that slow- 
growing wood has the most resonance. The maple also used in 
the case is selected on account of its resonance. The white pine 
for keys is selected three times, to insure the key’s remaining 
perfectly true. In the manufacture of fast motor boats, where 
the reduction in weight of the boat is a matter of pounds without 
sacrificing strength, experience has determined the special ma- 
hogany required for each part. 

I mention these facts at the risk of redundance to show that 
scientific research cannot be of any aid as against years of ex- 
perience. Our forefathers knew perfectly well that a cedar post 
lasts longer than spruce, but they used spruce when they could 
not get cedar and not because they did not know better. 

The Philippine Malay used Philippine mahogany 350 years 
ago for planking boats, because he had found that it was the most 
suitable wood he had. My somewhat extended experience with 
boats in different tropical countries has led me to the conclusion 
that the native has found out what is the best available wood for 
his purpose invariably, and the man who uses the wood knows 
better than any one else its qualities and defects. 

During the past 40 years I have exported large quantities of 
white pine to ports of the West Indies and South America, where 
mahogany was used for railroad ties, fences, and hog pens, and 
where forests of much better woods for their purpose grew all 
around them. The reason for this is that there were and are no 
sawmill facilities or transportation to make these forests avail- 
able in any volume. 

Probably the greatest available hardwood forests in the world 
today are in the Philippine Islands, and yet there are some 26 
abandoned sawmills scattered among the Islands. The reason 
for this is health.conditions, lack of labor, capital, transportation, 
or local markets for the low grades. Ask the investors who 
were stung! 

At the present time foreign corporations cannot compete with 
local Chinese loggers and lumber yards when it comes to trans- 
porting and manufacturing a great number of scattered but valu- 
able and hanasome hardwoods. These bring a higher price in their 
local markets than the most valuable foreign woods imported into 
the United States. 

After overcoming the many difficulties in obtaining a valuable 
tropical wood in commercial quantities, and establishing a market, 
we might then avail ourselves of the services of the Madison 
Laboratories in assisting us to confirm what experience has 
worked out, especially where the wood is to be used for a very 
special purpose. If experience proves a wood satisfactory, its 
botanical status is of no interest to any one but the dendrologist 
and the nurseryman. 


G. P. Anern.? The author brings out clearly the need for 
systematized investigation in the search for suitable tropical 
woods to meet our needs. We all know how difficult it is to mar- 
ket a new wood. A wood may have very desirable properties and 
the price may be satisfactory, but there will be a lack of interest 


? Tropical Plant Research Foundation, Washington, D. C. 


if there is no real guarantee that adequate supplies of such wood 
can be maintained over a period of years. Scientific research can 
tell the story of stand and distribution of promising tree species. 
But preceding the search for suitable foreign woods must come 
an analysis of wood needs to show: 


(a) The specific properties requisite to the various industrics 

(b) The quantities required by each industry and the extent 
to which native species will fail of meeting requirements 

(c) Range of prices within which new material must |e 
supplied 

(¢) Definition of qualities which new species must present 
to meet the requirements of various industries. 


With that information, which is now being prepared, we shall 
seek woods that must mect requirements. 

The Main Research Committee of the A.S.M.E. very wisely 
suggested at the beginning of this project a year ago that as a 
first step it would be necessary to prepare a bibliography of trop- 
ical woods, thereby making available the world’s literature on 
this subject. The first edition of such a bibliography was pre- 
pared and several hundred copies issued late in 1926 to persons 
and organizations interested, including wood experts in some 36 
foreign countries. 

With each copy was sent a letter explaining the preject and 
requesting cooperation in the preparation of a more complete 
second edition. A very general and helpful response indicated 
keen interest and gratification that such data would be collected 
for the benefit of all. These wood experts have furnished many 
useful data which will make the second edition, soon to be pub- 
lished, more complete than the first. In addition, the cooperation 
of these experts now assured will be most helpful following the 
coming field investigations, when promising tropical-wood speci- 
mens are furnished the laboratories and factories for testing pur- 
poses. All available information concerning the properties of a 
wood will be very helpful to the laboratory man or the factory 
superintendent. 

Our Philippine experience will be helpful in this project. Many 
of the difficulties in the present situation were present in the 
Philippines 25 years ago, when United States woods were trans- 
ported 6000 miles across the Pacific to supply the construction 
needs of the Islands. Field investigations developed the fact 
that in the 60,000 square miles of Philippine forest, some 20 of the 
3000 tree species found there constituted 80 per cent of the stand 
That figure holds good to this day. A majority of the 20 abun- 
dant species were considered unsuitable to market needs, and 
some of them could not be sold at any price. A government 
laboratory and a government workshop developed desirable 
properties in these abundant but unpopular woods which today 
find favor in the markets of some fifteen foreign countries. 

It requires cooperation in support of a properly equipped or- 
ganization to make the preliminary investigations as to sources 
of supply and to conduct researches necessary before new species 
of wood can be brought into use where they are required and in 
the quantities demanded. 

Great national or world needs of this character are often neg- 
lected by governments and industrial organizations until some 
pioneer with vision blazes the way. Thanks to the Charles 
Lathrop Pack Forestry Trust, a fund has been provided for 4 
three-year program of tropical-forest research. This trust fund 
has for its general object the advancement of forestry in the 
United States, but the Trust recognizes that the timber-pro- 
ducing capacities of the tropics are both a domestic and a world 
problem. The Tropical Plant Research Foundation of Wash- 
ington, D. C., has foreseen the necessity of such work, and is 
prepared to undertake it. 

A fact-finding expedition financed by this Trust Fund will be 
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WOOD INDUSTRIES 


sent by the Foundation to tropical America early in November, 
under the leadership of Forester Tom Gill. The forests of the 
Caribbean region will receive attention during the first year. 
Eventually the expedition will visit all tropical American coun- 
tries whose forests are of commercial significance. The field of 
investigation will furnish information concerning: 


(a) The location of accessible bodies of timber 

(b) The quantities and sizes and distribution of various 
important species 

(c) How these species are being used at present 

(d) Primary costs of extraction and milling and approximate 
costs at which logs or lumber can be laid down at Ameri- 
can ports. 


The present program of this Foundation survey provides for 
securing information on tropical woods but not as yet for collect- 
ing logs for testing nor for making scientific tests and factory 
trials of the woods in this country. 

It is hoped, however, that additional cooperation may still be 
secured to defray the cost of securing timber samples, trans- 
porting them to the United States, and testing them at the 
Madison Laboratory or in other institutions. 

The following points concerning these woods require attention: 


a) Their definite structure and identification 

») Their general mechanical properties, strength, dura- 
bility, workability, seasoning possibilities, finishing, and 
possibilities of overcoming objectionable qualities 

c) The correlation of their determined properties with uses 
in the United States 

d) Faetory demonstration tests supplementing laboratory 
investigations. 


The story of the local uses of tropical woods, especially of the 
abundant woods, will not necessarily have a bearing on our 
industrial uses, but will serve as a hint in conducting tests. 
Elaborate laboratory tests will not be feasible, due to lack of 
funds for that purpose, but sufficient information will be made 
available in advance of tests so as to point the way toward the 
most promising and most desirable uses of each wood tested, thus 
saving more or less time and effort. The woods that have stood 
long-time tests in the tropics in the manufacture of spokes and 
rims, wagon poles, tool handles, railroad ties, musical instru- 
ments, ete., are worthy of study, especially if these woods occur 
in quantity. 

Carelessness in logging and delays and neglect in handling logs 
exposed to tropical sun and rain account for unfavorable reports 
as to useful properties. A very different story may be told 
of such woods when not so handicapped but collected and cared 
for properly, botanically determined, and definite information 
gathered concerning stand and distribution, as well as possi- 
bilities of extraction and shipment. 

The experiences in the past arising from disputed nomen- 
clature of tropical woods coming into our markets (the Philip- 
pine mahogany case a recent example) should be a warning of 
other disputes likely to arise as tropical-forest exploitation ex- 
pands. As new tropical woods come into the market, some 
efforts should be made by wood technologists toward standard- 
izing methods of their analysis and description, and with im- 
porters, wood users, and others interested arrive at agreement on 
some scheme for classification. 

It is quite possible that logs can be laid down in quantities at 
attract ive prices and manufactured in our hardwood mills without 
disturbing the hardwood market. A number of hardwood mill 
companies of the Gulf States are becoming more and more in- 
terest d in this tropical field; some are looking into the possi- 
bilities of securing forest tracts; others are making arrangements 
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for shipments of logs. This development will tend to remove one 
of the most serious phases of the opposition to imported hard- 
woods just mentioned. In any event this entire movement 
toward the development of tropical forest resources will move 
slowly, and at a rate dependent largely on market demands. 
The many handicaps in the road will take years to remove. In 
the meantime research will provide accurate information to meet 
the needs as they arise. 


D. H. Auuen.* A necessary preliminary to tropical research 
would seem to be the preparation of a list of domestic woods for 
which substitute species are needed either by reason of the high 
price of the domestic wood or because of its inferior g ade. 

Much wasted effort and expense could be saved if a list could 
be prepared of the principal domestic woods for which substitute 
species are needed: This list, to be a helpful guide to tropical 
research, should include information as to the board footage of 
the wood consumed by the American market, the principal uses 
of the wood, the principal properties and characteristics which 
would be required in a substitute, the approximate average di- 
mensions of f.a.s. selects and No. 1 common in the domestic wood, 
and whether the consumer could afford to pay a premium for 
larger average dimensions in a substitute wood, whether the 
demand is primarily for */, and thinner or whether there is a 
large demand for thick planks, whether pin-wormy lumber in the 
substitute wood could be used for some purpose, whether the 
wood is used both for lumber and veneer and if for veneer whether 
for rotary cutting or slice cutting, and finally the present prices 
at which grades of No. 1 common and better are being sold. 

It is desirable to have in mind that tropical hardwood trees 
as found in virgin stands have greater diameters and lengths than 
most domestic hardwoods. For this reason it is easier to obtain 
from tropical hardwoods lumber of large average width and length 
than from domestic hardwoods. Furthermore, the predomi:ant 
defects in tropical hardwoods differ from the defects found in 
domestic hardwoods. In tropical timber the principal defects 
are usually pin worms and heart defects, whereas in domestic 
hardwoods the principal defects are usually large, scattered knots. 
As a rule it is easier to obtain clear boards of large dimensions 
or clear thick planks from tropical hardwoods than from domestic 
hardwoods, so that wherever lumber of this type commands a 
premium, the tropical wood has an advantage. With the ex- 
ception of the Philippine Islands, tropical logging is selective, 
i.e., trees of certain species are located and hauled out of the 
forest, but no attempt is made to utilize the forest as a whole. 
This process of selective logging is necessarily expensive. For 
this reason it would seem wise at first to concentrate upon finding 
substitutes for domestic woods having an average sales value of 
$100 per thousand board feet or higher for grades of No. 1 com- 
mon and better. 

If it is found possible to market in this country a number of the 
common species of tropical woods, the cost of logging could be 
materially reduced because of the increased yield per acre of 
forest worked. 

As soon as those interested in tropical woods are placed in 
possession of information as to the types of wood for which sub- 
stitutes are needed and the price at which the substitute wood 
can be sold provided it has the desired characteristics and proper- 
ties, arrangements can easily be made for bringing in sample 
shipments of woods having the general characteristics desired. 
It would then be necessary to arrange facilities for laboratory 
tests to compare the proposed substitutes with the domestic 
wood. If these tests showed the substitute wood to have real 
promise, it would be desirable to have the principal consumers 


8 President, Astoria Importing & Mfg. Co., Inc., Long Island City, 
N. Y. Mem. A.S.M.E. 


‘ 
| 
as 
é 
a 
n 
d 
1 
| 
a 2 
ay 
he 
on F 
et 
he 
n- 
nd 
nt 
ay 
or- 
ces 
ies 
in 
: 
eg- 
me 
‘les 
ra a 
d 
in 
the 
yr] 
1 1s 
be 


12 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


of the wood concerned arrange to make practical tests of the sub- 
stitute. 

It is well known that certain tropical woods have special qual- 
ities which no domestic wouds possess. There are in all prob- 
ability consumers looking for a wood with special qualities but 
they are unaware that such a wood is available and are therefore 
using an unsatisfactory wood or some other substance. 

For example, there are known to be tropical woods which are 
very hard, very heavy, and extraordinarily durable under the 
most trying conditions. These woods are expensive to bring 
out and expensive to manufacture into lumber, and the price at 
which the lumber would have to be sold would seem prohibitive 
except for some special purpose. On the other hand, it is quite 
possible that certain consumers would be glad to pay a com- 
paratively high initial cost to avoid constant replacement where 
replacement is difficult and expensive. It is necessary, however, 
that those familiar with tropical woods should know of the special 
need in order to fill it. 

In brief, there are thousands of different woods in the tropics 
exhibiting a wide range of wood properties and characteristics. 
The easiest, quickest, and least expensive method would seem to 
be to ascertain first the type of wood that is needed and the price 
at which it can be sold, and then search for a wood of that general 


type in the tropics. Otherwise it is necessary to bring in thou- 
sands of samples of woods in the hope that out of the number 
some may be found which will prove satisfactory substitutes for 
domestic woods and can be sold at a price to compete with 
domestic woods. 


H. M. Curran.’ My own experience, covering many years 
of exploration and exploitation of tropical timbers, has convinced 
me that the timbers the world needs exist in large quantities 
in the tropics, can be produced economically, and that the price 
levels are at present such that the better grades can flow into our 
markets without. prejudice to our timber business. 

These interests will be benefited rather than harmed by these 
tropical timbers, for they will flow through their mills and sales 
organizations, helping them to retain their markets against 
substitutes. There need be no fear by American lumbermen 
that these timbers will replace the well-known woods of America. 

Less than 20 per cent of the product of a tropical mill will 
probably be exported, and this only high-grade. The remaining 
80 per cent will enter the channels of trade in the country of its 
origin. 


* North Carolina Department of Agriculture, Division of Markets, 
Raleigh, N. C. 
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Our Need for Knowledge of Tropical Timbers 


Rapid Waning of Supplies of Virgin Timber in This Country Calls for Extended Use of 
Tropical Woods, Whose Properties and Uses Must Become Familiar to the Industry 
By SAMUEL J. RECORD,' NEW HAVEN, CONN. 


HAT interest has the American lumber industry and 
American forestry in tropical timbers and forests? 

Of what advantage would it be to our nation to have 
reliable information concerning the forest resources of our south- 
ern neighbors? If lumber from foreign sources is a potential 
competitor of the produce of our own sawmills, why not 
make stronger the barriers of ignorance and prejudice rather 
than try to break them down? Why should the School of For- 
estry of Yale University have any concern in these matters 
outside the realm of pure science? And why should The Amer- 
ican Society of Mechanical Engineers consider the problem of 
tropical woods worthy of serious consideration? 

To those familiar with conditions the answers seem obvious. 
Our lumber industry, in its manifold ramifications, is one of such 
vast and fundamental importance to the prosperity and general 
well-being of our nation that any thing that affects it affects the 
welfare of all our people. If this industry is imperiled, it is the 
duty of those who sense the danger to raise their voices in warning 
and to take such other measures as are within their power to 
anticipate any emergency and reduce the seriousness of its effects. 
Those in the best position to know believe that our lumber in- 
dustry is now facing such an emergency as a result of the prod- 
igality with which it has been consuming its raw materials 
without adequate provision for their replacement. ; 

Warnings of an approaching timber famine have been given 
many times in the past, but changing conditions, especially 
the extension of transportation facilities into more and more 
remote localities, have postponed the day of reckoning. An 
unfortunate economic situation, particularly with reference to 
excessive taxation of standing timber, is forcing the too rapid 
cutting of the remnants of our virgin forests, and the resulting 
abundance of lumber on our markets gives the false impression 
that there is a corresponding abundance of standing timber. 


Tue TIMBER SITUATION IN THE UNITED STATES 


The timber situation of the United States has been made the 
subject of careful investigation by our Federal Government. 
The whole expanse of our country is known, its forest resources 
have been inventoried, and the factors of increase and decrease 
calculated. It requires no gift of prophecy to check our outlay 
against our forest capital and income and compute the result. 
The ageney best qualified to do this is the U. 8. Forest Service, 
and in this connection attention is called to a highly informative 
article by Chief Forester W. B. Greeley, entitled, “The Relation 
of Geography to the Timber Supply.’” 

Most of the industrially aggressive nations [says Mr. Greeley] 
have lived in forested regions, and most of them have been liberal 
users of timber. The course of these nations in satisfying their re- 
quirements for forest-grown materials has usually run through three 
different stages. At first they have cut freely from their own virgin 
forests as long as the supply lasted. Then they have cast about 
for what they might barter from their neighbors. And finally they 
have settled down to the systematic growing of wood on all the land 
that could be spared for the purpose, still finding it necessary or 
convenient in many cases to import a substantial part of their national 


' Professor of Forest Products, Yale University. 

? Economic Geography, March, 1925. 

; Presented at a meeting of the Metropolitan Section of the A.S.M.E., 
New York, February 24, 1928. 
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requirements from other countries whose virgin forests have not yet 
become depleted or whose timber culture produces an exportable 
surplus 

The United States is still in the first of these three stages. By far 
the greater part of the wood we use is still obtained from our own 
Virgin forests. But the end of this supply is plainly in sight. The 
necessity is at hand of finding a new source of wood, either in timber 
culture on our own soil or in the forests of other countries. The 
consumption of timber in this country is so enormous that the problem 
assumes staggering proportions. We use annually about 12 billion 
Cubic feet of saw-log timber, or nearly half of the quantity consumed 
in the entire world. Our use of all forest products, including pulp- 
wood, railroad ties, mine timbers, and fuel wood, aggregates 22'/» 
billion cubie feet, or about two-fifths of the yearly consumption in 
the entire world. 

Other countries which have likewise exhausted their virgin forests 
have found new sources of wood either in the practice of forestry or 
through imports from their neighbors or by combining both of these 
methods, without sudden industrial upheavals or serious timber 
famines. Their consumption of forest products has been relatively 
small; the change was gradual and usually involved no great diffi- 
culty. The enormous use of wood in the United States, however, 
and its intimate relation to national living standards, manufactures, 
and basic industries like agriculture, mining, and transportation, 
make our problem far more serious. We must find, almost overnight, 
a fresh source of raw material sufficient to supply 60 or 70 million 
tons of forest products annually. Instead of a gradual industrial 
evolution, the change is coming with the suddenness of an economic 
crisis. 


Further along in the same article he says: 


The stern facts of geography have largely controlled these past 
developments in our forest industries and in the cost of their wares 
to the American consumer. The true measure of timber supply is 
not quantity but availability. Sixty per cent of all the wood that 
is left in the United States and 75 per cent of its virgin timber lies 
west of the Great Plains, whereas two-thirds of the population and 
an even larger proportion of our agriculture and manufactures are 
east of the Great Plains. The forests bordering the Pacific Coast 
contain over a trillion board feet of virgin stumpage. At the most, 
they will not supply our present consumption very long; but already 
the unbalanced geographical distribution of this resource is creating 
well-nigh famine prices in the parts of the United States where forest 
products are used in the largest quantities. 


Of course the ultimate solution of our timber supply is to be 
found at home where there is an abundant supply of land which 
ean be and should be devoted to forestry practice. We must 
look to the time when lumbering is stable rather than no- 
madic, when timber is cropped rather than mined, when our now 
idle lands are keeping our wood-using industries supplied and 
keeping thousands of people in permanent employment. These 
are ultimate aims, but what of the immediate future? How are 
we going to meet “the change that is coming with the suddenness 
of an economic crisis?” 

It is interesting to note that foremost of the suggestions the 
Chief Forester makes in this connection is that ‘“‘we must get all 
the foreign wood that we can to tide over the lean years, and 
we must go after it intelligently and systematically. For one 
thing, a thorough study should be made of the resources available 
in the hardwood forests of Central and South America, and their 
utility for the replacement of our rapidly waning supply of 
native hardwoods.” 


NEED FOR IDENTIFICATION AND CLASSIFICATION 


Here then is a very definite task at hand for those who are will- 
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ing and qualified to do it. My own interest in it began back in 
1916 when the Yale School of Forestry extended its field of en- 
deavor to the tropics, particularly tropical America. It has 
been pioneer work in a vast region with one man, at the most 
two, with very little assistance of any kind and very limited 
funds, hence you will appreciate how far we are from having 
exhausted the subject! In fact, to be able to make any appre- 
ciable showing at all it has been necessary to emphasize special 
lines of work, particularly the identification and scientific classi- 
fication of the trees and woods. While on first thought this 
may seem to be only of academic interest, as a matter of fact it is 
fundamental. Of what use are reports on woods unless one 
knows exactly what woods are meant? To thread the maze of 
vernacular and trade names requires patient and painstaking re- 
search, often extending over years and requiring many collections 
of specimens from the living trees in the forest. Timber cruisers 
in strange forests are largely dependent upon native guides for 
the names of trees, and when one takes into consideration the 
various languages and dialects spoken even in the same locality, 
the anxiety of the guides to be accommodating to the point of 
invention, and adds to it the cruiser’s attempts at phonetic spell- 
ing, the only surprising thing is that the reports are at all intel- 
ligible. The wise cruiser brings out wood samples and other 
specimens for identification. Such specimens not only show what 
kinds of timber are there, but also, if properly determined, give 
him the benefit of all the information that is available about the 
same or closely related species from other localities and countries, 
and frequently point the way to the proper market. 

The question of the correct naming of woods is of far-reaching 
importance. The introduction of new and untried timbers into 
our market is usually a slow and expensive process, and the 
temptation is always great to resort to subterfuge and deceit. 
Those who stoop to mislabeling their lumber are blind to their 
own interests, because no business founded on abuse of con- 
fidence can long succeed. Many a wood which could have won 
favor on its merits has suffered irreparable injury because its 
promoters forced upon it the reputation of an impostor. Until 
foreign woods can be brought in and sold for what they are, they 
should be kept out, since misappropriation of a valuable trade 
name is unfair competition and serves to degrade the whole 
lumber industry. 

The tropical woods available for introduction in quantity into 
this country represent a wide variety, but for the most part they 
are not in the high-grade furniture or cabinet-wood class. The 
popular conception that all tropical woods are hard and heavy, 
or finely figured, or noted for their beauty of grain and color, is 
all wrong. The abundant kinds are the commonplace ones, use- 
ful but often not beautiful. They are called hardwoods to dis- 
tinguish them from the pines and spruces and cedars which are 
called softwoods, but some of these hardwoods are lighter 
than cork and as soft as the pith of a cornstalk, 

Tropical woods are for the most part of species and tree fam- 
ilies different from those with which we are familiar. Beech, 
birch, maple, hickory, ash, and the other kinds we know so well 
and upon which our hardwood industries are built, do not grow 
in the tropics. One may find oak and certain other temperate- 
zone trees within the tropical belt, but mostly only at high alti- 
tudes. There is pine in Mexico and portions of Central America, 
and the lumber can enter our market without difficulty because 
the trade is familiar with pine and knows how to size up a new lot 
very rapidly. When it comes to judging tropical woods by 
American hardwoods the situation is more complicated because 
the new kinds are different. Being different, however, implies 
neither inferiority nor superiority: it merely means that some 
time and effort must be given to acquiring the information 
necessary to successful utilization. If the same trees grew in 


‘white pine, northern spruce, southern pine, and cypress | 


the forests of the United States they would be utilized as fully 
and in many instances as satisfactorily as are the ones actually 


here. 

There are many problems involved in the introduction and ut) 
zation of unfamiliar woods. There are two ways of going about 
a solution. One is the slow, wasteful, and haphazard method 
of leaving things to chance and individual effort. The other 
is through the cooperation of various scientific agencies and 
trade interests. The latter method will give results quick 
and the knowledge gained will be of service to our lumber in- 
dustry and manutacturers where it is most vitally needed. ‘The 
cost, which would be almost prohibitive for a single institutic: 
or concern, would impose no appreciable burden upon the wox 
using industries if properly distributed. And no matter what thy 
outcome of such investigations may be, the knowledge gained 
will have a value far exceeding its cost. Delay in acquiring 
this knowledge can mean only loss. 


DESIRABILITY OF INTRODUCING TROPICAL Woops 


The American lumber industry should not be antagonistic 
to tropical woods. Our native woods are not going to be driven 
off the market. If any American wood goes off the market it will 
be because the supply fails, and there is no likelihood that the 
supply of any important timber will fail completely. Befor 
that time comes it will be found worth while to practice forestry, 
the eventual and only satisfactory solution of any country’s 
timber problem. 

An older generation of lumber dealers would be lost in a lumber 
yard of today. Carpenters and builders in the East are now tfa- 
miliar with Douglas fir, Pondosa pine, Idaho white pine, western 
spruce, western hemlock, Port Orford cedar, redwood, sugar 
pine, and other West Coast products, as well as Baltic spruce 
and other kinds of lumber from the Old World. Much of this 
change has come about in the last ten years, but in a way it has 
been going on from the beginning of things. People used first 
the timber nearest at hand, gradually extending farther afield 
and discovering unexpected virtues in woods they previously had 
scorned. Lumber from far-away points has not driven «ut 
merely supplements them. It all makes for a new kind of com- 
petition, but it is better for the lumber industry that the com- 
petition should be between different species of wood than |v- 
tween wood and wood substitutes. 

In the case of tropical woods it is better for the lumber trad: 
to accept and become familiar with them and, in fact, weleom 
them, rather than to fight them and try to keep them out }y 
erecting artificial barriers, such as a protective tariff. Foreign 
woods can succeed bere only when there is a demand for them 
at a price that will permit a profit to the producer and importer, 
and such a demand implies dissatisfaction on the part of the 
buyer with the native material offered him—whether it be price, 
or quality, or something else. To fight the foreign woods sim)ly 
because they are foreign is not an act of patriotism and will 
play directly into the hands of the wood substitutes. Eyen- 
tually we shall grow most of the timber we need, but so long as we 
continue to cut it four or five times faster than it grows, it Is 
certainly high time to be looking around for an outside sup)ly 
to tide us over a strenuous period of readjustment. 

The work that is needed to be done has already been cure- 
fully outlined. The agencies to do it are available and willing. 
It remains for those who would profit most from thes investi- 
gations to furnish the means for carrying them out. Our tropical 
work at Yale has received no support whatever from the lumber 
industry. We are constantly appealed to for information and 
advice, but no funds are ever forthcoming from interested sources 
to make it possible for us to get the data necessary to answer 
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the questions asked. The only corporation that is contributing 
anything is the United Fruit Company. This company is not 
in the timber business and does not expect any immediate or 
direct returns from its contributions, but it is interested in any- 
thing that promotes the welfare of the countries in which it oper- 
ates. Our wood-using industries, on the other hand, have a 
direct and immediate interest in the future supply of their raw 
materials. In the words of our Chief Forester, ‘‘We must find, 
almost overnight, a fresh source of raw material sufficient to 
supply 60 or 70 million tons of forest products annually. Instead 
of a gradual industrial evolution, the change is coming with 
th: suddenness of an economic crisis.” Such is the situation. 
VW hat are we going to do about it? 


Discussion 


Grorce P. Anern.’ This topic brings up at once the ques- 
tion, ‘Why such a discussion?”’ The answer lies largely in the 
story of the shift of centers of lumber production and the closing 
down of hundreds of wood-using plants due to lack of local 
supplies. Many hardwood users are disturbed by rising prices 
and the difficulty of getting suitable raw material. This situa- 
tion has impressed the Main Research Committee of the A.S.M.E. 
sufficiently to authorize a study of the facts and an inquiry into 
the possibilities of new sources of hardwood supply. Such an 
inquiry leads inevitably to the present greatest storehouse of 
hardwoods, the tropics, and the Tropical Plant Research Founda- 
tion of Washington was asked by the A.S.M.E. to undertake 
this work. 

\s the first step in this investigation a bibliography of tropical 
woods was prepared and a limited number of copies sent where 
it was thought they would do the most good. This list included 
wood experts in some thirty foreign countries. The issue met 
with a cordial reception. It was accompanied by a letter re- 
questing cooperation in the preparation of a more complete 
second edition, and much new material was received and in- 
corporated in that edition. 

This research project seemed to arouse criticism as to its neces- 
sity, as it was claimed there was no. shortage of wood supplies 
and no likelihood of any in the future. 

To answer that criticism the writer undertook a survey of 
the present forest situation in the United States, going over 
reports and many scientific and commercial journals. The result 
of this study was incorporated in a paper entitled “Important 
Factors in Our Forest Problem,” which has been submitted to 
the heads of the U. 8. Forest Service and other leading foresters 
for comment and criticism with the following results. 

Dr. A. F. Woods, the Director of Scientific Work for the 
U.S. Department of Agriculture, in a letter forwarding this 
paper to E. A. Sherman, Associate Forester of the U. S. Forest 
Service, stated: “I am sending herewith a very interesting and 
constructive survey of the forest problem in the United States. 
It gives a bird’s-eye view of the situation and makes it clear 
that some strenuous work is needed to bring about a more sensible 
and economic procedure.” 

Mr. Sherman’s reply to Dr. Woods included the following 
Statements: ‘Major Ahern’s statement of the situation is 
thorough and concise—Major Ahern’s manuscript is a logical 
assembling of facts and opinions. It shows what the situation 
actually is. Major Ahern’s assembled data lead one to the 
conclusion that the present trend of economic and _ political 
forces is heading the lumber industry into ruin both for itself 
and the natural resources upon which it is based.” 

. Professor Hosmer, head of the Forest School at Cornell, states 
in a letter of February 4, 1928: “I wish most heartily to thank 
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you for giving us the privilege of seeing this masterly presenta- 
tion of the basic problem in regard to forests that faces this 
country. Your report has been read with the greatest interest 
by the members of this staff. I have taken the liberty of having 
the report copied in this office in that it contains so much material 
that is of interest.” 

A number of other comments of a similar character have been 
received from other leaders, and no denial of the facts and 
figures has been made. 

As stated in the study referred to, recent reports by foresters 
in the field all point to a continued rapid disappearance of our 
remaining privately owned forests, with no check to this decline 
in sight. As far as our markets are concerned, but two forest 
regions of importance remain. 

The virgin forests of the South are doomed to disappear within 
ten years at the present rate of cutting. The virgin forests of 
the Pacifie Northwest will disappear or be withdrawn from the 
market within 20 to 30 years and probably less, as increased 
demands on this last virgin stand shorten the period. 

According to these reports, no serious attempt at better 
logging practice is evident. Fire protection as a rule is for 
standing timber and not for cut-over lands. Unregulated slash 


is the rule, and accounts for many of the destructive fires each ~ 


year. These reports state that some 60 per cent of the cut- 
over land is restocking rather unsatisfactorily, and 40 per cent 
is left practically denuded. Recurring forest fires add annually 
to the denuded land, and render less productive the remainder 
of the cut-over land. 

The forest-fire situation is disheartening. A few years ago 
forest fires swept over 7'/. million acres annually; today the 
annual acreage fireswept is beyond 24 million. 

The annual drain on our forest stock makes a huge total and 
continues despite depleted capital stock. In 1919 this depletion 
was estimated at four times the annual growth, a figure which 
today is much too small. 

The national forests, comprising about one-fifth of our total 
forest area, furnish but three per cent of our wood needs. The 
farmers’ wood lots, some 150 million acres, are mentioned in 
numerous reports as in decadence and approaching extinction. 

Even Colonel Greeley, the head of the U.S. Forest Service, 
realizes the seriousness of the situation as quoted in the paper: 
“We must find, almost overnight, a fresh source of raw material 
sufficient to supply 60 or 70 million tons of forest- products 
annually. Instead of a gradual industrial evolution, the change 
is coming with the suddenness of an economic crisis.”’ 

The most serious phase of this appalling situation is that 
with these facts well known at federal headquarters no undue 
alarm is felt over the early disappearance of our virgin timber, 
deteriorating second growth, destructive logging practice, and 
rapidly increasing forest fires. 

These facts apply to both soft and hard woods. Hence the 
urgent need for inquiry into new sources of hardwood supply. 
The story of hickory is typical of what is happening to other 
valuable hardwoods in this country. In recent years the total 
drain on hickory has averaged about 400 million board feet 
annually, and the annual growth is but 84 million feet. 

It must be remembered that we use in this country some eight 
billion board feet of hardwood annually and import but 200 
million feet. 

We must seek at once new sources of hardwood supply. The 
only region available for supply in quantity is tropical America. 
We may need to import within ten years some one to two billion 
board feet of hardwood. Much scientific research is necessary 
in the meantime. We must know the location of accessible 
forest areas, and the stands and distribution of timber; the 
properties, uses, value and availability of these woods—it 
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takes much time to get the facts—and then the market must 
be secured. 

No country in tropical America is attempting to assemble 
these facts and seek a market for its timber. As we are the 
parties most concerned, we in this country must undertake 
the project of opening up new sources of hardwood supply. 


ArTHUR KoErHLerR.* The “overnight” in which we must 
find a new source of wood supply to which Colonel Greeley 
metaphorically alludes will not be a short one. But, while 
many of the wood-using industries are complacently sleeping 
or working overtime to fill a demand which they stimulated, 
some one must be putting in a night’s work in getting ready 
to introduce the tropical woods which are to take the place of 
our diminishing supply of timber. 

The introduction of new woods will not be an easy matter. 
First, the resistance of the wood-using industries themselves 
must be overcome. Manufacturers of furniture, musical in- 
struments, tool handles, and automobiles will want to be assured 
that those woods compare favorably with walnut, birch, maple, 
oak, hickory, and ash, and that they will have no unexpected 
troubles in putting them through their plants, before they 
will buy them in carload lots. They also will want to be assured 
that more of the same kinds will be available for some time to 
come at practically the same prices. Next the resistance of 
the consuming public must be overcome. The buyer of furni- 
ture made from unknown woods will be suspicious that some- 
thing cheap or inferior is going to be put over on him. Perhaps 
the question in furniture is not going to be so much, “How will 
this wood stand up in service?” as, “Is it the thing to buy?” 
Hence a public appreciation of the value of new woods must 
be developed. After the public is once accustomed to buying 
articles made of tropical woods, marketing difficulties will be 
largely overcome, provided, as the author points out, that the 
sale of new species of lumber falls into the hands of efficient 
promoters. 

There need be no fear that the introduction of tropical woods 
will greatly upset existing lumbering operations. In the first 
place, because a market must be developed for new kinds of 
woods, they will come in so gradually that. their inroads on 
markets of native species will not come as a blow to existing 
organizations. In the second place, indications are that tropical 
woods cannot be imported any cheaper than the cost at which 
native timber can be supplied as long as it exists. As native 
species, especially hardwoods, become depleted, the mill men, 
as a rule, would not be materially affected by the introduction 
of new species; in fact, many of them probably would want to 
get into the work themselves. 

There may be some question as to what effect the opening of a 
new supply of timber in the tropics will have on the growing of a 
future crop of hardwoods in this country. In this connection it 
should be remembered that. the area for growing hardwoods is 
greatly limited in the United States. Hardwoods demand 
fairly good soil, and therefore it is only the more hilly areas and 
inundated regions that will be used for growing hardwood timber. 
The more level and drained area will be taken up for raising 
agricultural crops as the population grows. Hence there is no 
prospect of an oversupply of native hardwoods, and whatever 
is grown always will have a decided advantage over tropical 
woods in the cost of transportation to market. 


D. M. Martrnews.’ The author in opening his paper presents 
a number of questions which will naturally occur to the average 
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5 Professor of Forest Management, School of Forestry and Con- 
ervation, University of Michigan, Ann Arbor, Mich. 


individual when the subject of timber from the tropics and its 
use in this country is broached. Due to unfortunate economic 
conditions in the lumber industry of this country the average 
individual does not have the fact of an impending shortage of 
timber brought to his attention. Prices of timber have, it is 
true, risen, and risen sharply during the last two decades; but 
so have the prices of everything else, and only those of us who 
have been familiar with conditions in the lumber industry know 
that, in spite of these rising prices, production has been com- 
pelled to increase in such a rapid and competitive manner that 
there has been little profit. in the business for the lumberman; 
and at first glance this would seem to indicate that we had a 
surplusage of timber in the country rather than any impending 
shortage. There are only a fewof us, relatively speaking, who have 
had the incentive or the interest to look below the surface and 
determine the real cause of overproduction of timber in the 
United States, thereby learning that this overproduction is not 
a result. of existing supplies of more timber than we need but is 
rather due to the existence of greater investments in the pro- 
ducing end of the lumber industry than current demands justify 
It is this overinvestment of capital in lumber production in the 
country which has turned the industry into a nomadic one, 
forced concentration in production, and centralized production 
at the present day in the last big stand of timber in the country 
in the Pacific Northwest, where the rate of production is so 
great that although the current needs of the country at large 
are supplied, the end of the resource is in sight. 

The author has fully and adequately answered the questions 
which he presented at the beginning of his paper. It is very 
clear that the capital invested in the lumber-production industry 
of the United States must seek investment in some other line 
of industry; and that the other industries which are built up 
largely upon the use of wood as prime raw material must greatly 
curtail their operations unless some other source of timber 
supply is to be made available to the country to take up the 
slack as between the time when our virgin resources are no 
longer capable of supplying our needs and that time, in the 
somewhat remote future, when we have put ourselves in a posi- 
tion to supply from our cut-over lands new stands of timber 
by reforestation. The author ends his discussion with another 
question, namely, ‘‘What are we going to do about it?” He 
has not attempted to answer this most important question specii- 
ically, but the writer is sure that he has very definite ideas as 
to what we ought to do about it and, indeed, the mere subject of 
his paper indicates that he is strongly of the opinion that, in this 
emergency, we should turn to the tropics and direct our energy 
and ability, as the first lumber-producing and lumber-consum- 
ing country of the world, toward the development and utilization 
of a great storehouse of timber wealth, heretofore largely un- 
touched and, it is to be feared, considered by many of us of 
little importance or value. 

Before proceeding to a somewhat tentative suggestion as to 4 
means of answering his question, ‘‘What are we going to do about 
it?” the writer would like briefly to summarize the underlying 
facts which arise from a consideration of the paper: 

1 There is a present and a still greater impending shortage of 
timber, and especially hardwoods, within the United States. 

2 Prices are rising and substitutes for wood, too often unsatis- 
factory as regards either price or use, are coming into general 
utilization. 

3 It is necessary to tap new sources of supply. 

4 These are to be found in the southern Americas, especially 
Central America. 

5 Woods of value to American industries which can be obtained 
from these sources are not coming forward in adequate quanti- 
ties because: 
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a The qualities of these useful woods are imperfectly known; 

b Existing sources of supply are unreliable and often un- 
trustworthy; and 

c No reliable data are available as to large potential sources 
of supply. 

If we admit that these facts are incontrovertible we are forced 
to the conclusion that we must take some steps to make available 
to the ultimate consumer in the United States the timber which he 
will no longer be able to obtain from within the United States and 
which we know to be available elsewhere. 

The writer has already said that the average individual is un- 
aware that the country at large is faced with an impending 
shortage of wood material, and that in the long run this means 
that he will have to reduce his use of timber and resort to the 
utilization of timber substitutes often less satisfactory in use 
and almost always more expensive. 

But we cannot expect to turn to the public at large for aid in 
this emergency except in so far as we can awaken public senti- 
ment in behalf of the conservation of our remaining resources 
and enlist their support in programs leading to the creation of 
new forest areas. Nor does the writer think we should expect 
aid from the public in this direction. The public buys its timber 
from dealers who make it their business to supply it to them, 
and the dealers get it in turn from the capital which has become 
interested in lumber production. It is the interest of these 
groups which we must enlist if the problem is to be solved. 
There are four large groups of industry which it seems reasonable 
to suppose might be interested in the problem. These are: 


1 The lumber industry 

2 The wood-using industries 

3 The manufacturers of milling and woodworking machinery 

! Tropical importers and dealers in hardwoods and timber 
from the tropics. 


When this general subject first came up for consideration by 
the Wood Industries Division of the Society, the possibilities of 
obtaining the interest of these four groups were canvassed and 
it was felt that any attempt toward organization of effort in 
meeting the problem would naturally most appeal to the wood- 
using industries and that we could expect greater interest and 
possible aid from them than from any of the other three groups. 

It was apparent right from the start that the lumber industry 
as a whole was not yet sufficiently educated or sufficiently aware 
of possibilities for investment in the tropics to look with sym- 
pathy upon any movement to develop timber resources in 
these regions. We expected indifference if not active opposition 
from the industry, and endeavored to avoid the discouragement 
of the one and difficulties which would arise from the other by 
not approaching them. We anticipated that they would answer 
in the affirmative the third of the author’s queries: “If lumber 
from foreign sources is a potential competitor of the produce 
of our own sawmills, why not make stronger the barriers of 
ignorance and prejudice rather than try to break them down?” 
This expectation would be justified if we attempted to enlist 
the aid of the lumber industry at the present time. It does not 
follow that such would be the case ten years from now, when it 
seems probable that much of the capital so invested will be 
seeking reinvestment elsewhere. We did think, however, that 
we could expect the active support of the wood-using industries, 
but our expectations in this direction were not realized. It 
was found upon canvassing a large number of firms who were 
largely dependent upon the use of wood for the conduct of their 
business that, generally speaking, the wood-using industries felt 
that if any real effort in time and money was to be exerted in 
bringing to them new supplies of wood material from the tropics, 
such effort should be expected only from importers and dealers, 
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and, by inference, from the capital which might invest in the 
business of producing lumber in the tropics. They generally 
admitted that they appreciated the problem and would be pleased 
to be assured of additional supplies of suitable wood material, 
but most of the individual firms approached did not seem to 
realize that it might be considered fairly up to them in their 
own interest to cooperate in the production of such supplies. 
Only a few firms which were already seeking their raw material 
from abroad and were therefore importers as well as users seem 
to be genuinely interested at this time. It must be admitted 
that this was rather a severe disappointment and a setback to 
the program we had under consideration. It indicated pretty 
clearly that more time must elapse and the pinch of shortage 
of supplies become more evident before active support from 
the wood-using industries at large could be anticipated. I 
think that we are safe in assuming that the time is not far distant 
when the active support of both the lumber-producing and lumber- 
consuming industries of the country can be obtained. In the 
meantime it appears to me that the answer to the author’s 
question as to what we are going to do about bringing into the 
United States and utilizing the timber resources of the tropics 
lies, in its initial stages, with the tropical-wood importers and 


dealers and those larger users of high-grade woods who are ~ 


already reaching out into the tropics to augment the waning 
supplies of woods suitable for their purposes obtainable within 
this country. From this group the inquiry which was set on 
foot a year ago last fall received very real encouragement, and 
if real cooperation on the part of this group can be obtained, 
the writer believes the necessary start can be made which will 
bring about the larger development in the future which the 
trend of lumber production and consumption in the United 
States so clearly indicates as an absolute necessity. 

We now come to the question of the definite procedure to be 
adopted in obtaining such cooperation. The work which has 
already been done has resulted in the formation of a strong 
committee to consider the problem in all its aspects. It scems 
to the writer that the next logical step would be an appeal from 
this committee to selected firms and individuals who may be 
considered to have an active stake in the cold-blooded business 
of bringing into this country timbers from the tropics and 
marketing them at a profit, to form themselves into an associa- 
tion avowedly for the purpose of aiding themselves in placing 
tropical timber on the markets of the United States and thereby 
making money out of it. The old axiom that nothing succeeds 
like success is as true today as it ever was, and if such an associa- 
tion as has been indicated results in the pooling of the interests 
of the importers, dealers, and such consumers as wish to see an 
increase in the available supply of hardwoods in the United 
States, success will inevitably attend their efforts. Such success 
more than anything else is likely to attract the support and 
interest of others who would like to share in it. 


Raymonp J. Hoyis.* The paper gives the idea that the solu- 
tion of the problem of our waning timber supply is to be found in 
growing more timber or in the importation of foreign woods or 
both. Not one word has been said about solving this problem of 
timber shortage by improved utilization of our native timber. 
Why must we go to other countries for new supplies of wood with 
all their attendant difficulties while we continue to waste our 
home material to the extent of from two-ninths or four-ninths of 
the annual drain upon our forests? Why is it not the best of 
economy partly to close the spigot of waste rather than import 
the timber of uncertainty to fill our fountain? This process only 
delays the day when better economy with our native timber 
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must be practiced. Already we have a great number of native 
commercial woods which are not all at well understood, and which 
are all in severe competition for markets. Importation of un- 
known wood will only aggravate this situation. 

The author says that lumber from remote points in the United 
States when brought into old territory in competition with species 
of long standing has not driven them out but has supplemented 
the earlier-used woods. In addition to supplementing them it 
has caused severe competition. Prices on lumber have dropped; 
there has been great confusion of sizes, grades, and properties of 
these woods. This great confusion has allowed competing 
materials to secure many markets which lumber should more 
properly occupy. What might the situation be if we import 
foreign woods? 

He further says that carpenters and builders in the East are 
now familiar with our western woods. It is a fact that redwood 
and red cedar are frequently used interchangeably without a 
knowledge of the difference. All of our western pines are one 
grand jumble, and about all that is specifically known is that 
these woods are some kind of pine. West Coast hemlock, a 
wood of great merit, is put in a class with eastern hemlock by 
the public just because it bears the same name—hemlock. 
Douglas fir is condemned or praised depending on whether soft 
texture or young-growth material is used for particular purposes, 
and depending on whether the tree grows on the west slopes of 
the Cascade Mountains or elsewhere. 

As a matter of fact, our knowledge of species in the United 
States is surprisingly lacking among carpenters, contractors, 
builders, and woodworkers of every description, and even after 
centuries of use of some of these woods, our best-trained men 
cannot answer many questions about wood. What will the 
importation of unknown tropical woods mean? 

We must continue to use our wood rather than curtail its use, 
for this latter condition would not result in fo. sst perpetuation. 
Use creates value and encourages timber growing. About four- 
fifths of our timber land is privately owned, and the growing of 
timber on this area cannot be expected until closer utilization is 
practiced. This problem of closer utilization is linked up closely 
with the economic problem of overproduction. Overproduction 
and competition are the causes of present-day low timber prices, 
and low lumber prices are not conducive to close utilization. 

In conclusion, while the growing of timber is essential and 
desirable for our future needs, this practice is dependent on the 
solution of our economic and close-utilization problems. Imports 
of foreign woods in any appreciable amount will complicate our 
situation and delay the day when forest growth and use are on 
a more stable basis. 


H. M. Curran.’ We have more hardwood timber than 
our industry demands. Because of overcutting, the lumber 
industry is in as bad a way financially as the farmer. Price 
levels are high and quality low because we have pushed ex- 
ploitation into the more inaccessible regions or used low-quality 
trees or small-sized trees left from earlier logging. 

High-grade, medium-priced hardwoods must come from new 
virgin forests. 

The strong point made by the author, namely, that we must 
in the near future find large supplies of wood of high quality if 
wood substitutes are not to drive our own well-known species 
from the market, is a telling argument to silence the opposition 
of those who fear the entrance of new hardwoods. 

While the author’s experience is less extensive as to field 
conditions than that of many of the tropical foresters, his 
intimate knowledge of the woods themselves is greater than 
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of any person known by the writer today. When he states tha‘ 
these woods of the tropics have the qualities to supplement our 
own waning supplies, it may be taken as the expression of one 
who has weighed carefully all the existing evidence, and knows 
he is safe in the statement. 


H. P. Brown.’ The accuracy of the statistics quoted by 
the author from Colonel Greeley’s paper in the Economic Geoy 
raphy is unquestionable. Our available timber resources have 
been carefully inventoried, and, at the present rate of co: 
sumption, it is only a question of time before increasing scarcit \ 
will react seriously as an economic brake upon our future in- 
dustrial development. Unfortunately some of the pioneers 
in the forest-conservation movement underestimated the timber 
still available and prophesied the lean years as coming too soon, 
and this has served to lull certain interests into a sense of security. 
The theoretical date of the complete exhaustion of our timber 
supply at the present rate of consumption has been pushed farther 
into the future, but leaner years in lumber production are ss 
certain as death and taxes. 

In a discussion of the possible utilization of tropical woods, 
it is well to bear in mind certain fundamental aspects of the 
question. We are utilizing our timber several times faster 
than we are growing it. Our reserve supply of soft or coniferous 
wood is proportionately much greater than our hardwood 
supply. Coniferous trees are trees essentially of the temperate 
zones; while they occur in tropical forests, the supply of conif- 
erous timber is negligible. Conifers should be grown in the 
temperate zone, and it is most economical to grow them there 
There is no reason why, using proper forestry methods, we shoul: 
not grow, in the confines of the United States, all the softwood 
lumber that we require. 

In the writer’s opinion, once the original stands of our haril- 
woods are exhausted we shall never be able to grow them in 
sufficient quantity to meet our requirements. Hardwood trees 
attain their best development in the tropics, and it is here they 
show the best annual increment growth, speaking in terms of 
averages. Just as the dark races are the result of a tropical 
climate, working through generations, so are hardwood trees 
the result of tropical conditions. On the other hand, the white 
races belong to the temperate zones; so do the conifers. 

Granting that we cannot hope ever to grow hardwood lumber 
in sufficient quantity for our needs in the United States, the 
question of tropical hardwoods comes to the fore; the demand 
for tropical woods is here to stay. Their utilization involves 
finding means of identification, the study of their technical 
properties in the laboratory to determine their proper uses, and 
investigations in the field to determine if sufficient supplies «are 
available to warrant marketing at home. To do all this requires 
funds. No federal or state funds have been made available to 
date, and there is little likelihood of this possibility in the near 
future. But two of the forestry schools, Yale through the 
efforts of Professor Samuel J. Record, and the New York State 
College of Forestry at Syracuse through the writer's, have 
devoted any attention to tropical timbers, and this has been 
largely due to their enthusiasm on limited funds and in the 
writer's case to what is even more important, limited time 
owing to teaching responsibilities. Certain firms of importers 
have been shrewd enough to compile much information upon 
the timbers of districts in which they are financially interested, 
and in some cases at least they have employed scouts with expe- 
rience in tropical forestry to make surveys for them. The lumber 
industry at large cannot expect to obtain much information 
from this source, however, as it is usually considered as con- 
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fidential, to be used for the advancement of their own monetary 
interests. 

The writer would urge that the lumber industry set aside 
funds for the study of tropical timbers, not only of our American 
tropics but of those of the Old World as well. American capital 
is secking outlets throughout the world. Foreigr bonds at 
present are more attractive than domestic, and the American 
people are rapidly acquiring investments in the tropics. The 
study of tropical timbers should proceed as we acquire a better 
knowledge of the torrid zone. 

The information upon tropical timbers should be made avail- 
able to the whole lumber industry, not to the small coterie which 
is interested at present. The demand for tropical woods will 
increase mightily in the next decade, and the lumber industry 
at large should profit financially. Divide up the profits among 
you; there are enough for all. 

Funds made available for the study of tropical woods, in the 
writer’s opinion, should not be allocated to one school. A 
healthy competition in research between schools is desirable. 
Research fellowships of a thousand dollars a year would help 
materially in forwarding the study of tropical timbers. Men 
would thus be made available to carry on the work under proper 
direction, and they at the same time would receive a training 
which should render them valuable to firms engaged in the 
importation of tropical timbers. Not only for tropical timbers 
but for domestic timbers as well, the lumber industry can well 
afford to finance fellowships which will enable it to get men 
who are better trained in the structure and the physical, in- 
cluding the mechanical, and chemical properties of wood. The 
lumber industry, whether it be domestic or tropical woods, is 
competing with steel and concrete. The forestry schools are 
sending out their best men, but they are often outclassed for 
lack of training, for lack of understanding of raw-product wood. 
Agents must know “wood” to compete with steel and concrete 
engineers. The National Lumber Manufacturers Association is 
now engaged in a mammoth advertising campaign. How 
much more drive, how much more impetus, would be secured 
with properly trained men. The men now in the work are 
able, but blind men cannot fight. Four years at a forestry 
school is not enough. Scholarships are needed for additional 
years, and this applies for domestic woods and for tropical 
woods alike. 


C. D. Meu. The author asks five questions in the first 
paragraph. The writer’s answer to the first two is, ‘‘None what- 
ever.’ The third is not entirely clear. The last two questions 
he would answer most appropriately by the Latin-American 
slang ‘Quien sabe,” meaning knows.” 

\pparently, the object of the paper is to obtain contributions 
from organized business and scientific men so as to enable the 
author to send his students to tropical America to collect wood 
samples. He states that the United Fruit Company—not in the 
lumber business—is the only organized unit that is making 
funds available for enlarging his activities, implying that the wood 
industries are lacking in vision in not contributing to his project. 

Moreover, the title of the paper, “Our Need for Knowledge of 
Tropical Timbers” apparently has reference only to tropical 
American timbers, as nothing is said regarding woods from the 
Philippines, for instance, which are tropical and which are now 
entering this market in rapidly increasing quantities. It is 
well known that the woods occur in undeniably large quantities 
in the Philippines, which are among our insular possessions, and 
can furnish us with the necessary supplies, when ‘‘we must find 
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almost over night,’ borrowing Mr. Greeley’s text, “fresh sources 
of raw material sufficient to supply 60 to 70 million tons of forest 
products annually.” 

The Philippine mahoganies, for instance, can come to our 
rescue and satisfy the author’s final question, ‘“‘What are we going 
to do about it?’’ At the hearings of the Federal Trade Commis- 
sion, when the question of nomenclature was under review and 
notwithstanding the fact that there are over 30,000,000 feet 
of these woods now being used in this country and that all the 
users are satisfied, the author made statements which, if they 
could not be controverted, would greatly lessen the use of these 
very admirable woods in this country; their use was established 
at tremendous expense and hard work on the part of dealers, 
but the author asks for funds with which to seek other woods 
in foreign countries after he has discouraged the use of those that 
have been found available in our insular possession. 

It is safe to say that no one who is measurably acquainted with 
the lumber business or with some phases of the wood industry 
and their relations to the supply and demand of lumber wiil be 
alarmed by the statements of Mr. Greeley and the author. They 
appear to be unaware of the frequent recurrence of predictions 
of a complete exhaustion of our domestic lumber supply. More 
than 150 vears ago a fear of a timber famine was in the minds of 
many in America, and it was suggested that the only means of 
averting a serious economic crisis was to plant catalpa trees on 
all available lands not needed for agriculture; the catalpa tree is 
a fast grower, but it remains too small to produce lumber logs. 

Our period obeys the same process, and the author’s proposal 
is in line with the catalpa plantation scheme. Since the early 
timber famine reports, the lumber industry continued to prosper; 
it survived and assumed increasing proportions, and even now 
the common complaint is among wholesalers that the demand is 
poor and that selling their mills’ output is getting more difficult. 
The lumber substitutes are rapidly gaining ground, and we now 
read accounts of the fact that the lumber industry is spending 
two million dollars annually in an advertising scheme designed 
to discourage the use of the lumber substitutes. 

If the author should succeed in finding the woods he imagines 
are somewhere in tropical America, the lumber industry would 
probably have to spend another two million dollars annually 
in order to discourage the use of foreign woods and to enable 
the mill owners here to sell their domestic lumber in the home 
markets. 

The author takes it for granted that his scouts will find an 
abundance of good timber the wood-using industries can use, 
but apparently he has no first-hand knowledge of the tropical 
bush and does not realize that the American tropics outside of 
limited areas in southern Mexico and perhaps parts of British 
Guiana are almost depleted of timber. Dr. John Gifford, the 
father of American forestry, once said that there is a lot of wood 
in tropical America, but that very little can ever be used here; 
he also stated that if we want just wood, we have plenty right 
here in the United States. 

In the foregoing the writer has endeavored to point out reasons 
why the lumbermen and woodworking concerns can have no 
faith and little or no collective interest in helping defray expenses 
incident to searching for woods in tropical America. The re- 
publics to the south of us import from the United States the bulk 
of the structural timbers as well as the common lumber they use. 
These countries cannot furnish their lumber requirements from 
their own forests; therefore it is inconceivable to believe that the 
author could find enough of available material not only to satisfy 
the local needs, but also to ward off Mr. Greeley’s predicted 
economic crisis in the United States. 
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Problems of Design for Mass Production in 
The Furniture Industry 


An Application of the Line Method of Assembly to the Manufacture of Office Desks 


By BAYARD EDWIN RICHARDSON,! GRAND RAPIDS, MICH. 


HILE the title of this paper is broad enough to encom- 

pass the furniture industry as a whole, it is not the 

purpose or intention of the writer to set forth the full 
possibilities of design for mass production in every branch of the 
woodworking industry. Such an undertaking would require 
the combined efforts of many men selected from diversified 
branches of the industry, and their combined knowledge, prop- 
erly compiled, would more fittingly embrace the entire thought 
expressed in the title. 

The subject of this discussion will be confined more particularly 
to the problems of design for mass production in the manu- 
facture of commercial furniture. While the principles involved 
are now in general use in the automotive industry, the appli- 
cation of these principles to the manufacture of office desks will 
disclose a new departure in this branch of the furniture industry. 

\ll previous conceptions of structural design have been aban- 
doned, and while external appearance has been only slightly 
altered, the component parts of the desk have been radically 
changed, 

These changes in structural design have brought about marked 
reductions in manufacturing costs, greater strength in the 
assembled produets, and best of all, a method of assembly which 
permits the use of the principles of mass production now so suc- 
cessfully used in the automotive industry. 


Propucrion 


Modern industry is indebted to the automobile for the prin- 
ciple of line production, and production engineering has without 
doubt achieved more through the automobile industry than 
through any other industrial development. But the application 
of these principles to the manufacture of furniture has been 
slow. It is surprising and almost unbelievable that an industry 
Which has been in existence for centuries should be so slow to 
take advantage of the production methods developed by and 
universally used in this much younger industry. 

Surely the furniture plants can boast of marked improvements 
in their manufacturing processes —for marked changes in plant 
Management and machinery methods have come to light in 
recent years in every branch of the wood-working industry. 
It would not be fair to say that the automobile industries have 
a monopoly on all of the engineering brains of the country for 
there are many shining examples of accomplishment in the direc- 
tion of production engineering in a number of the larger wood- 
working plants of Grand Rapids and other cities having similar 
industrial plants. Nevertheless tne fact still remains that none 
of these has, as yet, taken full advantage of the principle of 
line production. Just why should this condition prevail in our 
industry? 

A careful analysis of the problem of line production as applied 
'o our particular product has brought to light many interesting 
facts regarding structural design for large production. It has 
given us a better understanding of the relationship of these two 
factors, which play such an important part in the manufacture 
of any product. 

‘Plant Engineer, Stow-Davis Furniture Co. 

Presented at the First National Meeting of the A.S.M.E. Wood In- 
dustries Division, Grand Rapids, Mich., October 17 and 18, 1927. 
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PRODUCTION BY THE CONVEYOR SYSTEM 


It has been demonstrated conclusively by all of the large auto- 
mobile plants in this country that by means of a production line, 
it is possible to carry on assembly operations at a predetermined 
rate of speed; operators must keep up; materials must flow to 
the assembly line; the finished product must drop from the end 
of the line at scheduled intervals; and lowered costs are bound 
to result from such a program. 

The mechanical conveyor has become the backbone of the 
materials-handling system. Materials must be handled with 
greater dispatch and less demand on floor space. The conveyor 


must be kept moving. Various types of power-driven conveyors — 


have been developed to meet these demands. 

Electric screwdrivers and socket wrenches have been in the 
course of development for many years and within the last two 
or three years have supplanted laborious hand methods, parti- 
cularly in line-assembly operations. 

All production is a matter of time. It is the basic factor in 
every production schedule. Time and speed are synonymous, 
because change of speed means a corresponding change in pro- 
duction time. Speed flexibility is therefore vital. To be able 
to change the time production of any machine it must be flexible 
in speed. There is one best speed for every operation. 

The day's production and the number of men on the line 
determine the speed of the assembly conveyor. Variation of quan- 
tity per unit of time or in the number of operators at work calls 
for an adjustment in speed of the assembly conveyor. 

All production machinery must be flexible. 

In order to take full advantage of the power-driven assembly 
conveyor, it is necessary to have all parts entering into the 
assembly completely processed from raw material to a state of 
completion before being fed to the assembly line. 

A high degree of accuracy must be adhered to in the production 
of parts, to insure quick assembly. 

In the use of sub-assembly operations the number of operations 
carried out on each unit is reduced to the minimum, at the same 
time quantity production is at a maximum. This plan shortens 
the final assembly operations, and permits the use of a shorter 
assembly conveyor, with fewer men to maintain a desired pro- 
duction schedule. 

At each operator's station along the assembly conveyor are the 
tools necessary for his particular part of the work. As the con- 
veyor passes along, each operator contributes his share of the 
work. The separate parts which enter into the assembly are 
brought to the line at proper intervals. This insures constant 
flow of materials. 


CHANGES IN CONSTRUCTION OF DESKS 


To apply these principles to the manufacture of any product 
requires a large volume of sales. Without large volume of sales 
no real production schedule can be entertained. The economies 
resulting from mass production depend primarily on quantity. 
The larger the quantity, the greater are the economies to be made. 

The sales possibilities in the commercial-desk field are very 
great. It goes without saying, however, that sales will in- 
variably increase with every decrease in retail price. This 
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has been the impelling thought back of our efforts in attempting 
to apply the latest principles of mass production to our product. 

Early attempts to fit any of our desks, as they were then being 
built, into the production picture Just painted, disclosed the fact 
that the construction was all wrong. The construction of our 
desks, like all other pieces of furniture, had been developed to 
fit the age-old art of cabinet making. It required the skill of 
a cabinet maker to assemble our product. To dissect that art 
for distribution along an assembly line meant the teaching of 
many new tricks. 

This procedure was useless because only minor economies 
could be gained. It still remained that the total number of 
operations were practically the same, whether done at the cabinet 
maker’s bench or on the assembly line. 

Thus it became evident that some new construction, some 
new way of putting wood together, would have to be developed 
to permit the use of line-production principles; a construction 
which would eliminate the cabinet work, the hand-fitting and glu- 
ing operations now in common use in all furniture plants. 

Every known method of detail construction used in the furni- 
ture industry was given careful consideration in an effort to deter- 
mine a suitable means of applying the principle of line pro- 
duction to the manufacture of desks. We were determined 
to effect the greatest possible savings in machining operations, as 
well as in the final process of assembly. 

None of the present woodworking methods of construction 
seemed to fit all of the requirements named, so they were all 
laid aside and forgotten completely for the time being while 
a search for new ideas in construction went forward. 


CoMBINATION Woop AND STEEL ConstTRUCTION ADOPTED 


Careful consideration of automobile-body construction dis- 
closed the fact that steel and wood can be combined advantage- 
ously, and this thought served to direct our efforts in working out 
a new construction. 

Considering for a moment the general details of any com- 
mercial desk, it will be apparent that they are all built along one 
conventional line, and are very similar in general appearance. 
Compared to the finer types of executive office furniture, the 
average commercial desk is severely plain and lacking in beauty. 
All have plain square corner posts, plain end and back panels, 
square-edged tops, and drawer fronts lacking any trace of orna- 
mentation other than some cheap type of wood or metal pull. 
The corner posts usually terminate at the floor with a brass cup 
or socket. 

To develop a new type of construction for desks without im- 
proving the general appearance to a marked degree, would be 
falling short of the desired goal. From the sales standpoint 
alone a marked improvement in exterior design over the general 
run of commercial desks would be an advantage. 

With all of these facts directing our efforts, a new desk con- 
struction gradually developed, having an interior framework of 
steel and an exterior of wood—assembled without the use of glue 
and without the skill of a cabinet maker. 


SrrucTURAL DETAILS OF THE NEW Desk 


Square corner posts were abandoned, giving way to rounded 
corners formed by laying up the end panels of the desk in specially 
built cauls which bend the five-ply veneer to the desired shape 
at the ends, at the time of applying pressure. This eliminated 
the solid wood used for corner posts, and all the machining oper- 
ations necessary to attach the end panels to them. These new 
panels are used both on the ends of the desk and in the well 
space, two panels being used to form the sides of each pedestal 
of the desk. 

Top and bottom pedestal frames or plates are formed of steel, 


having grooves pressed into them to receive the end panels, 
while inside of this assembly is located the steel frame formed 
of angles spot-welded together in such a manner as to provid 
slides for supporting the pedestal drawers. 

At the corners and on the under side of the bottom pedestal 
frame are steel cups spot-welded in place which receive thi 
upper ends of the turned wood legs of the desk. These turn- 
ings are bored to permit a bolt to pass up through their center, 
and are provided with a pressed-bronze cup at the floor line. 
The bolts referred to pass up through the legs, base frames, and 
top frames of each pedestal and serve to clamp the complete 
pedestal assembly rigidly together. A small back panel closes 
the back of each pedestal and is securely clamped in position 
between the top and bottom frames along with the end panels 

Between two such pedestals is located the well-drawer frame 
which is also fabricated of steel. This is secured to the end 
panels of each pedestal by means of bolts. The five-ply desk 
top is secured to this completed assembly by means of wood 
screws which pass through holes punched in the top pedestal 
frames. 

All steel parts making up the inner frame of the desk pedestals 
are stamped from cold-rolled steel, and when spot-welded together 
make a rigid assembly, resembling in appearance the familiar 
steel structure of the modern skyscraper. 

The drawers used are made of wood, with the conventional 
dovetail construction at the corners and three-ply veneer 
bottom panels completely framed in. These are assembled in a 
specially designed air clamp, which insures uniform pressure at 
all dovetail joints and perfectly squares the work at one opera- 
tion. 

All machining operations on the wood parts entering into the 
new desk are being done with particular attention to accuracy 
in dimensions, on production machines of the very latest type, 
steel snap gages being used for checking each set-up. 

Careful attention was given to the design for interchange- 
ability of both the steel and wood parts entering into the con- 
struction of the various sizes of desks. 

It will be apparent from the description given that the com- 
pletely assembled desk, from the exterior viewpoint, is primarily 
an all-wood desk, having an interior superstructure of steel, 
greater in strength than that of wood. 

Only the base molding and the narrow beads between the 
drawers in each pedestal are exposed steel. These surfaces re- 
ceive a natural wood-grain finish before reaching the final assem- 
bly line, and match the finish of the wood perfectly. 


THE FINISHING Room 


One great advantage of the new construction lies in the fact 
that the component parts can all be put through the finishing 
room before proceeding to the assembly line. This feature led 
to the use of a mechanical conveyor for the finishing of all parts 

The conveyor is of the roller-chain type having wood slats 
which form a continuously moving table 24 in. wide and 50 ft 
long—passing through the spray booth and ventilated drying 
tunnel, from which it emerges sufficiently to permit unloading. 

A variable-speed drive provides adjustment of travel to meet 
every requirement. This system of finishing reduces the problem 
of spraying lacquer down to the terms of square feet of surface 
covered per minute of time. It insures a uniform coverage on al! 
surfaces which pass before the operator stationed within the spray 
booth. 

The drying tunnel carries off the fumes which are emitted from 
the wet lacquer surface in the drying process. Temperature and 
humidity control, together with a constant change of air in the 
tunnel, insures a uniform drying rate for the finish and elim- 
inates the element of chance in the finishing room. 
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These ideal conditions hasten the drying process so that all 
parts can be readily handled when discharged from the end of the 
conveyor, where they are placed in portable racks and allowed to 
stand a suitable length of time before being rubbed. 

Portable racks serve to carry the finished parts to the stock- 
room which is parallel to and on both sides of the assembly con- 
veyor. This arrangement supplies every operator on the assem- 
bly line with the correct parts to carry on his part of the con- 
struction process. 


ADVANTAGES OF LINE-ASSEMBLY METHOD 


A power-driven mechanical conveyor similar in construction 
to that used in the finishing room, and approximately of the 
same length, serves the process of assembly. This is also pro- 
vided with a variable-speed drive, permitting a variation of 
from 1 to 3 ft. per min. to meet variations in the production 
schedule. 

One of the great advantages of this entire process of line pro- 
duction lies in the fact that orders received in the morning's 
mail can be delivered from the assembly line to the packing room 
for shipment by noon of the same day. This is a condition 
never before attained in the furniture industry. It is one of 
the most important developments resulting from our study of 
structural design for mass production. 

From the standpoint of exterior design, the new construction 
lends itself readily to modification in detail. Drawer fronts can 
be overlaid with fancy wyods, or shaped on the face. They can 
be made flush front, without bar rails between each drawer. 
Different turnings can be used to fit any period in design for the 
legs of the desk, and fancy woods may be applied to end panels, 
back panels, and top. Character changes in the base molding 
are aso permissible without affecting materially the inter- 
changeability of structural parts. Thus a number of patterns 
differing in external design can be assembled at will from the 
stock racks carrying the finished parts. 

A more desirable manufacturing schedule than this could hardly 
be hoped for. 


ECONOMIES RESULTING From NEW CONSTRUCTION 


Before bringing this paper to a close, it might be well to point 
out some of the manufacturing economies resulting from the new 
construction. 

First of all, a marked saving in materials and labor can be 
realized from the substitution of steel for wood in building the 
framework. 

Greater accuracy can be maintained, thus eliminating all 
hand-fitting operations at the time of assembly. 

All gluing and clamping operations have been discarded for 
a much quicker form of assembly, which can be done by unskilled 
labor in minutes, as compared to hours for cabinet making. 

Finishing costs have been lowered considerably as a result 
of the continuous flow of parts through the spray booth as against 
the method of finishing a fully assembled article. 

The total number of machining operations on all wood parts has 
been reduced. Those remaining have been simplified to fit into 
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only the faster cutting operations performed by the latest types 
of wood-working machinery. 

Many smaller savings have resulted from quicker processes of 
handling materials in various departments by methods which 
have been omitted in this article for the sake of brevity. 

In conclusion, it is hoped that this new development in the 
manufacture of commercial furniture will point out more clearly 
the relationship of structural design for mass production in 
other branches of the woodworking industry and the fact that 
the old order of things can be departed from in this day and age 
of competition. 

New methods of construction must be developed before line 
production and assembly principles can be fully applied to the 
manufacture of furniture. 


Discussion 


Tue AvuTHor, in answer to many questions, brought out the 
following points: The upper frame of the desk is of steel, and has 
a projecting lip around the upper part of the pedestal, through 
which ordinary wood screws pass up into the top to fasten it in 


place. The five-ply top referred to is of conventional con-- 


struction, heavy core stock with cross-pinning on both sides and 
face veneer. The desk is to be put on the market in two grades, 
one a commercial grade and the other lending itself more par- 
ticularly to use in executive offices. There will be a 1!/¢in. 
top on the commercial grade and a 1'/:-in. top on the better grade. 

The rate of speed of the conveyor through the spray booth is 
adjusted to give the proper coverage on unit of area, in unit 
of time, we will say. The operator covers the surface as it 
goes by and there is very little lost motion. We find that 
the rubbing operations are done in much less time if the parts are 
accessible than when finishing the completed desk. A desk is 
a large, bulky piece of furniture and must be handled; there 
are many angles and corners to get into, and curved surfaces 
and inaccessible places that take time. We are now finishing 
all separate parts as they pass long. Each man does his operation 
as it moves along. 

No attempt has been made to measure the quantity of lacquer 
used. In fact many things referred to in the paper are only 
just emerging from the stage of experimentation. It will be 
noticed that no reference has been made to any exact detailed 
savings. It is hoped that figures will be available soon which 
will prove a number of the broad claims made here. 

It is going to take about five minutes with the combined efforts 
of a number of men, to completely assemble one of the desks 
from the start to the finish. 

We have tried to retain the beauty of wood desks by making 
the entire exterior, so far as construction permitted, of wood, 
and using steel only in the interior for such parts as are better 
made of steel. The minimum of steel shows on the face of the 
desk. I do not think we have sacrificed anything in appearance 
by the use of steel. Through actual tests, we find the sample 
desks turned out are far superior in strength to desks made as 
well as it is possible to make them entirely of wood. 
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Compressive Tests of Balsa Wood 


By A. H. STANG,! WASHINGTON, D. C. 


ALSA wood has been used on several occasions to insulate 
machinery so that the vibrations would not. be trans- 
mitted to the floor, and has apparently proved successful 
for this purpose. 
properties of balsa wood, the United States Bureau of Standards 
conducted tests to determine how much shortening took place 


Since few data are available on the compressive 


under a uniformly distributed load, how much permanent set 
remained when the load was removed, and the compression- 
time relations when the balsa wood was loaded by dead weights. 
Eleven specimens furnished by the Balsa Wood Company, 
New York City, each 12 X 12 in., were used for these tests. 
Each specimen was composed of three boards, side by side and 
dovetailed together. Three were one inch thick, five were two 
inches thick, and three were three inches thick. Three of the 
specimens had been coated with a black paint which appeared 
to be a bituminous compound. These specimens 
will be referred to as painted, the others as unpainted. 
Nine of the specimens were tested in compression 260 
by applying the load to the 12 & 12-in. faces through 
a large spherical bearing attached to the moving head cA 
of the testing machine. ia | 
The decrease in the thickness of each specimen “a 
under load was measured at the middle of each 
of the four sides by dial micrometers which were 
graduated in thousandths of an inch. An initial 


was increased by increments of 10 Ib. per sq. in. 
until the proportional limit had been exceeded. 
After each increment, the load was decreased to the 


load of 10 Ib. per sq. in. was applied, then the load © \¢ AH 


initial point. 
The deformations of the specimen were read at § 
each load. 
The set due to a given load was taken as the dif- “| 


— 
— 


ference between the readings at the initial load after 60ff—F 
the given load and the first readings taken at this 
initial load. 

\t low loads the proportionality between the 20¢— 
stress and the shortening of these specimens was 


painted than for the unpainted specimens. They also had a 
higher density. 

None of the specimens was perfectly elastic. The set after 
each application of load was in all cases a very appreciable part 
of the deformation under load and was, roughly, one-half of this 
deformation up to the proportional limit. 

At higher loads the set became proportionally larger. 

As with specimens of other materials having a large area com- 
pared to thickness, the balsa wood did not appear to have a 
definite maximum compressive strength. The load continued 
to increase as the thickness decreased. 

A study of the test results of these nine specimens seemed to 
indicate that the density of the wood was an important factor 
in the strength properties of the material. For use as supports 
under heavy machinery, the different supports should have the 


remarkably close. It was therefore possible to find 0 4 
fairly definite values of the proportional limit from 
the stress-strain curves. 

For stresses higher than the proportional limit, 
the compression increased more rapidly than the 
load, and consequently the load increments were increased and 
the tests were continued until the final thickness was about 
one-haif of the original thickness. 

Typical curves are shown in Fig. 1 for specimens of each of 
The proportional limits and moduli of 
elasticity together with the weights of the specimens are given 
in Table 1. 

‘The specimens three inches thick were composed of pieces which 
contained the heart of the tree. These specimens had a lower 
density than the specimens one and two inches thick which 
did not contain heartwood. ‘The tests showed that they also had 
lower proportional limits. 

Lower values for the modulus of elasticity were found for the 


the three thicknesses. 


' Engineer, Bureau of Standards, Washington, D. C. 

Presented at the First National Meeting of the A.S.M.E. Wood 
Industries Division, Grand Rapids, Mich., October 17 and 18, 1927, 
and published by permission of the Director, U. S. Bureau of 
Standards. 
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TABLE 1 PROPERTIES OF BALSA WOOD SPECIMENS 
Modulus of 
Weight, P-limit, elasticity, 


Specimen Thickness, lb. per Ib. per Ib. per 
No. Condition in. cu. ft. Sq. in. sq. in. 
(Tested in a testing machine) 

1-A unpainted 1 7.76 85 2550 
1-B unpainted l 7.53 70 2400 
1-C painted 1 8.40 75 1650 
2-A unpainted 2 7.90 65 4200 
2-B unpainted 2 7.68 95 3900 
2-C painted 2 7.93 50 3600 
3-A unpainted 3 5.06 36 3500 
3-B unpainted 3 5.14 45 2500 
3-C painted 3 5.67 48 2000 
(Tested under dead load) 
2-D unpainted 2 9.76 oe eve 
2-E unpainted 2 9.76 an 


same properties to preserve the level of the machine. Two 
other specimens, 2-D and 2-E, each two inches thick, ‘were there- 
fore prepared. Each specimen consisted of three boards joined 
to make the 12 X 12-in. surface, and these parts were selected 
so that both specimens had the same weight, as given in Table 1. 


va | | | | 

| ge. | | 


Each of these specimens was tested under a deadweight of 
15,000 Ib. which was applied to the 12 X 12-in. face, thus 
producing a compressive stress of 104 Ib. per sq. in. Vertical 
compressometers were mounted at the center of each of the four 
sides of the specimen to indicate the shortening produced by 
the load. They were subjected to this load for about seven 
days, readings being taken as indicated in Fig. 2, which shows 
the time-compression curves. The rate of compression for these 
two specimens, which had the same density, was practically the 
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same for both specimens and was about the same on the seventh 
day as it was on the third day. 

With material of this kind used for the support and insulation 
of heavy machinery that is under a constant load, it is probable 
that a stress about equal to the proportional limit can be safely 
used. Careful selection based on uniform density of relatively 
heavy balsa-wood blocks appears to be well worth while for this 
purpose. 


Discussion 


W. J. Kreretp.? The test results given by the author indi- 
cate a variation of the proportional limit as determined by a 
static test from 48 to 95 lb. per sq. in. with a change in density 
from 5.67 to 7.68 lb. per cu. ft. This fact is of considerable im- 
portance in the use of the material as a support under heavy ma- 
chinery, as has been suggested by the author, especially where the 
area is large, necessitating the use of a number of pieces suit- 
ably connected together. A variation such as just indicated 
over a large supporting area would undoubtedly result in a non- 
uniform bearing pressure, with probable overload of the denser 
material and unequal settlement of the machine. 

The curve shown in Fig. 2 indicates practically a uniform rate 
of compressive strain under a constant static load over a period 
of 1 to 9 days. It is to be noted that these specimens were of 
comparatively small area when considering machinery supports, 
and no data are available concerning this rate of compressibility 
for wood of varying density. The average compressibility of a 
large area of a composite foundation bed would depend upon 
the relative properties of the wood used in making up the bed. 
Where the supporting bed is of uniform material, Fig. 2 would 
indicate a continued settlement and, while the machine may 


2 Engineer of Tests, Columbia University, New York, N. Y. 
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remain level, its alignment or grade would be changed, which 
would be of considerable importance in the case of shafting, 
bearings, ete. 

All of the tests have been made under static loads. It would 
be interesting to determine the properties with respect to the 
compressibility-time relation under repeated loads, introducing 
the effect of vibration and impact produced in many machines 
with moving parts. It has been the experience in other species 
of wood that the resilience may ultimately be destroyed when 
loads slightly above the elastic range have been applied re 
peatedly. In order to determine the permanent supporting 
power of balsa wood under a vibrating machine it would lx 
necessary to ascertain the limiting stress under which practically 
no further permanent sets were produced. 

The writer would suggest that the author furnish data relative 
to the ultimate deformation under varying static and dynami: 


loads. 


H. F. Horve..* The most important requirements of a good 
insulating material against the transmission of vibration of ma- 
chines are permanent and sufficient elasticity. Its task is to 
absorb vibration by converting the energy of motion (kinetic 
energy) into internal strain (latent energy). An insulating ma- 
terial will answer these requirements all the better the more i: 
compresses or shortens under a certain load, and the more com 
pletely and quickly it recovers and resumes its original shape after 
the load has been removed. 

Machines, including their foundations, placed on insulating 
material usually exert a pressure on the material of up to 2000 
lb. per sq. ft. and very rarely up to 3000 Ib. per sq. ft. A ma- 
terial must be judged by its elasticity and insulating effeet within 
these loads. 

From the data given in Fig. 1 it appears that balsa wood 
compresses very little and therefore has little insulating effect 
under loads up to 20 Ib. per sq. in., or the equivalent of 2880 |}. 
per sq. ft. Attention is also drawn to the statement in the 
report that the set after each application of load was in all cases 
a very appreciable part of the deformation under load and was 
roughly one-half of this deformation up to the proportional 
limit. This means that balsa wood after a downwardly directed 
vibration impact will recover only one-half of its compression 
Consequently the energy of motion of additional downwardly 
directed vibration impacts will not fully be converted into in- 
ternal strain by balsa wood but will pass through the insulating 
material and will travel into the soil as vibration. The elasticity 
and resilience necessary for the insulation of machines has been 
attained to a remarkable degree in the product known commer- 
cially as ‘‘Korfund,” through the peculiar type of construction 
employed. It consists of strips or blocks of pure natural cork, 
specially selected for this purpose, carefully cut to size and bound 
together with an iron frame which is not quite as thick vertically 
as the cork. The cork used is treated by a special process to 
preserve the normal degree of moisture which is so vital to it. 

Tests made by New York University, College of Engineering, 
show that it compresses readily under a pressure of about 2000 |b. 
per sq. ft. and that the permanent set immediately after the 
load has been removed is only about 1'/. per cent to 4 per cent, 
and even less, 5 minutes after the load has been removed. 


Pau. H. Bitnuser.* The writer’s first knowledge of the use 
of this wood as a packing material was its application by the 
Victor Talking Machine Company of small blocks glued to the 
insides of the cases into which machines were packed, the idea 

3 President, Korfund Co., New York, N. Y. Mem. A.S.M.E. 


4 Assistant Factory Manager, Steinway & Sons, Long Island City, 
N.Y. Assoc. A.S.M.E. 
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being that they would take a certain amount of compression, 
be more or less elastic, and protect the contents of the case from 
the shocks incident to transportation. 
was given up in favor of some more elastic material after about 
two years. Steinway & Sons also made similar use of it for a 
very short time. 


That practice apparently 


It seemed that when the material was com- 
pressed and dented, it did not have the elasticity the users hoped 
to find, and for that reason its usefulness ended. The balsa 
tree is of very rapid growth, therefore the texture of the wood is 
not uniform; it is very hard to get large pieces of uniform tex- 


ture. 


T. D. Perry.’ The writer had quite an acquaintance with 
balsa wood just before the World War, and one of the great 
difficulties encountered at that time was its very great tendency 
to decay. It isa very soft wood, very porous, and absorbs mois- 
ture readily. The wood decays so rapidly that it has been 
found necessary for various applications to impregnate it with 
paraffin. In attempts to make the wood strong it has been 
compressed after impregnation, and the author has seen pieces 
Balsa wood did 
The 


writer's last contact with it was in connection with life preservers. 


of it compressed almost to the hardness of oak. 
not seem to get very far then as a wood of commerce. 


It has almost twice the buoyancy of cork, and with the paraffin 
Many of the life rafts observed 
toward the end of the war, instead of being blown up with air 


impregnation has a long life. 


or filled with pulverized cork, were made of solid pieces of this 
wood. The wood is so soft that one may with perfect ease drive 
a half-inch dowel into a block without fear of splitting or in any 
way damaging the wood. The writer has grave doubts as to 
its value as a cushion for machinery in comparison with the 
harder woods we are accustomed to using. Pines, spruces, and 
birch woods, and a number of native woods would have nearly 
as much elasticity as balsa wood under compression and would be 
easier to get and not so liable to deteriorate. 

\rrHurR Koexter.* There seems to be no mention of the 
moisture content of the samples tested. That is very important 
because of its great influence on strength. A piece of spruce, 
for example, kiln-dried, may be four times as strong as the green 
Anything put 
high variation in this respect; in one shop it might be air dry 
and in another shop it would have a very high moisture content 


wood, into machinery would be subject to 


down on the floor, thereby greatly reducing the strength. 
\t one point in the paper the “heart of the tree’ is mentioned. 


‘ 


In the next sentence the words “specimens for lower density 
which generally contain heartwood” appear. Now, in all the 
pieces of balsa that the writer has seen there seemed to be no 
difference between heartwood and sapwood. They were all the 
same color and were uniform throughout. Perhaps the author 
will explain in more detail just what he means, and if he means a 
certain distance from the bark. 


C. H. Tancer.? Experiments have been conducted on balsa 
wood as a vibration absorber underneath household refrigeration 
units. In order to get the proper characteristics of the wood 
balsa was used as a core for a laminated board, a board hard of 
Surlace being employed to distribute the weight over a large 
surface. The balsa-wood core was subjected to a specifie-gravity 
test for density before laminating. 


’ Director, Woodworking Division, Bigelow Kent, Willard & Co., 
Inc., Boston, Mass. Mem. A.S.M.E. 

, Forest Products Laboratory, Madison, Wis. 

’ Kelvinator Corporation, Detroit, Mich. 
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The refrigerator manufacturers are particularly interested in 
its use as an insulator. 
frame for the refrigerator is not required; the insulation and 


Because of its strength, a separate 
the frame are one. 


C. C. Travis.® 
success in the aircraft industry at this time, and its ability to 


Balsa wood is being used with considerable 


absorb vibration and reduce noise, as well as insulate against low 
temperatures, would seem to indicate that this field promises 
It has also found favor as a ma- 
terial for the manufacture of radio parts, because of its excellent 


much for this tropical wood. 
acoustic properties. Another interesting use of balsa is in the 
construction of the new ramp alongside the Grand Central 
Station in New York City. 
layer of balsa under the pavement absorbed a large part of the 


The city engineers found that a 


vibrations that ordinarily would be transmitted into the steel- 
work. It is also being used as a sound deadener where a vessel 
is inclined to vibrate sympathetically with a machine. Oil 
burners have been made to operate quietly by placing them on 
balsa-wood sases. Its use in household refrigerating machines 
has already been mentioned. 

The density of the wood can be controlled by proper attention 
at the point of origin. 
to seven years, when they attain a diameter of 22 inches and 
reach a height of 50 feet. 
three times its weight in water. 


Balsa trees reach commercial size in six 


At that stage the wood contains about 
After that time the sap starts 
to harden and the wood deteriorates at an increasing rate. Prior 
to two years ago the chief difficulty lay in this fact. In other 
words, the wood was cut after it had reached too advanced an 
Fur- 
ther, in the kiln-drying process the destructive bacteria also 


age, after the sap had hardened, or was well on the way. 


are killed before they have had time to attack the wood. 
AutTHor’s CLosuRE 


It is realized that the tests described in the paper are by no 
means exhaustive and that more tests should be made, not only 
of balsa wood, but also of other materials used for the same pur- 
If the problem of insulating machinery so that the vibra- 
tions are not transmitted to the floor is an important one, it 
would be well for some committee of the Society to decide what 
properties of the material are important and what tests should 
be carried out in order to differentiate between materials. 

Mr. Hoevel has pointed out that a pressure of about 20 lb. 
The curve of Fig. 2 
represents conditions much more severe, and it is probable that 
there would be little compression with time for a load of 20 lb. 
per sq. in. 

Balsa wood has a modulus of elasticity very much smaller 
than that of any common wood, and therefore would have a 
proportionately greater insulating effect, even at 20 lb. per sq. in. 

The specimens were very dry when tested. No measurements 
were made to determine the moisture content, but the material 
was in the laboratory for several weeks before test. It is recog- 
nized that the moisture content would probably affect the prop- 
erties of any insulating material. 

Some of the specimens contained the pith at the center of the 
tree, and this part was referred to as “heartwood.” The annular 
rings were much farther apart near this center and the density 
less. The appearance of the piece was similar to that of any 
softwood cut across the grain and was not uniform throughout. 
Specimens 2-D and 2-E were selected so as to have the same 
density. Fig. 2 shows the remarkable similarity in strength 
properties of these pieces having the same density. 


pose. 


per sq. in. is usual under machine bases. 


8 The Travis-Quaintance Co., Grand Rapids, Mich. 
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Engineering Characteristics of Plywood 


By THOMAS LD. PERRY,* BOSTON, MASS. 


LYWOOD is a recently adopted name for the product 

of an age-old art. The story of the early art has been 

found cut in stone in the days of the Pharaoh of the Exodus. 
Furniture recently discovered in the tomb of King Tut gives 
evidence of wonderful skill in veneering, and veneering is an 
early type of plywood. 

Fundamentally, wood consists of bundles of slender fibers 
growing vertically in trees, and most fibers are substantially 
parallel to each other. A few fibers oceur in radial directions 
in certain species, of which the quartered-oak ‘‘figure’’ is a well- 
known example. Wood splits with relative ease along the grain, 
but is most difficult to cut across the grain unless a swath or saw 
kerf is removed with a saw. 

While much attention has been given to determining the 
ultimate strength as well as reasonable working limits of many 
materials used in the engineering trades, wood is not among 
those adequately demonstrated. Wood joists and timbers have 
had considerable testing, but smaller units have had almost 
no attention as to strength limits and ranges. Hence the need 
for this consideration of plywood possibilities. 

Plywood is one kind of laminated or compound wood and 
consists of several sheets (plies or folds) of thin wood (or veneer) 
glued together, either in flat or curved shapes. Usually, but not 
necessarily, the adjacent layers or sheets of wood have their 
respective fibers or grain at right angles toeach other. Obviously, 
internal stresses and strains are balanced in such construction, 
resulting in permanence of dimension and shape. 

The strength increment of plywood over solid wood comes 
from this skilful combining of wood fibers at suitable transverse 
angles in proper ratios of thickness and with sufficient gluc of 
a character suited to the ultimate utility of the plywood. 


Kinps oF Veneer Usep In PLywoop 


Ihe thin sheets of wood or veneer used in assembling into 
plywood are manufactured in four ways, viz.: 


Rotary cul from logs revolved in a veneer lathe 

Slice cut from logs or flitches moved angularly against a 
slicing knife 

Nawed on segment saw 

Half-round cul from flitches mounted on a wide-swing or 
eccentric lathe. 


If these are to be arranged according to volume of production, 
rotary cutting (Fig. 1) will easily stand at the head of the list 
(92 per cent), since most plain veneers are so made as well 
48 some figured woods. The veneer is lathe cut and spirally 
unrolled from the log somewhat as paper is unwound from a roll. 
Logs never grow perfectly symmetrical, so that a sheet of rotary 
veneer may show parts of several growth rings. 

The straightening out or flattening of rotary-cut veneer is 
shown (greatly exaggerated) in Fig. 2. While logs are cooked 
to sotten the texture before rotary cutting, yet some stretching 
on the concave side is essential to allow flattening. In veneer 

' Portions of the material herein presented were prepared by the 
author and published in ‘‘Veneers and Plywood” by Knight and 
Wulpi, Ronald Press, 1927, and are used here by permission. 

* Director, Woodworking Division, Bigelow, Kent, Willard & Co., 
Inc. Mem. A.S.M.E. 

Presented at the Third National Meeting of the A.S.M.e. Wood 


sadentrien Division, Grand Rapids, Mich., November 26 and 27, 


1/\, in. thick (and less) these cutting checks are negligible and 
commercially and scientifically unimportant, but in veneer '/, 
and #/i¢ in. thick their presence must be recognized as an ele- 
ment of wood strength. 

Slicing veneer (Fig. 3) is the standard cutting practice for 
mahogany and most other figured woods. The sheets of veneer 
are sheared from the flat surface of a hewn log or sawed fliteh. 
These cuts extend across many or few growth rings, according 
to the distance from the center of the log. Sliced veneer is 
sometimes cut radially (quartered), but is usually cut across. 

Sawing (Fig. 4) veneer with segment saws, although the earli- 
est modern method, is chiefly used for quartered oak. The 
saw-kerf waste is usually equivalent to the thickness converted 
into veneer, hence the method is not economical and is 
applied only to woods and products that cannot be cut advan- 


tageously by any other method. About 5 per cent of all veneer | 


is sawed. 


Half-round cutting (Vig. 5) is done on a lathe by the use of~ 


a “stay log,” an eccentric device that permits rotary cutting 

in a wider sweep, or with greater diameter, than when the log 

is mounted on the usual lathe centers. Semi-circular sheets, 

instead of being cut from the outside of the log toward the 

heart, may be cut from the heart toward the outside. 
Usep in PLywoop 

Animal Glue. This standard and recognized wood adhesive 
is sold in many grades and is made from bones and hides. It 
is prepared for use by dissolving it in water under moderate 
temperatures (140 deg. fahr.). It penetrates wood well, but is 
best applied in a hot room. It is soluble in water. 

Vegelable Glue. Vegetable glue is made of a starch flour, 
usually tapioca flour or cassava, with water and caustic. It 
is prepared in a mechanical mixer by vigorous beating and cooked 
for some time. While in the early stages of preparation it ap- 
pears to be a milky water, it later becomes a viscous fluid, rather 
thicker than syrup. It is economical in cost, principally used 
for plywood, of abundant strength, easy to use, but not water- 
proof. 

Casein Glue. Casein glue is the resul. of vigorously mixing, 
without heat, casein (from self-soured or acid-soured milk), 
caustic, water, and hydrated lime. The resulting glue is a thick 
milky liquid, not “‘tacky”’ in its fluid form, but producing a highly 
water-resistant glue when dry, practically non-soluble in water. 
Hence it is usually specified for plywood for vessels, aircraft, 
and other exposed locations. 

Albumin Glue. This consists chiefly of dried blood, mixed 
cold and rather gently. When applied to veneer, not over 1/j6 
in. thick, it adheres due to the coagulation of the glue under 
action of steam-heated platens. This coagulation takes place 
from 175 to 200 deg. fahr., and veneer thicker than ?3/,¢ in. 
is likely to discolor from heat during coagulation. Each layer 
of veneer applied requires separate coagulation. This glue 
when property coagulated is practically waterproof and hence 
its use is permitted under the most rigid waterproof specifica- 
tions. 

Silicate Glue. Silicate glue consists of silicate of soda or liquid 
glass and is a low-priced glue used in box shooks and less costly 
plywood products. 

There are various other less frequently used wood glues: liquid 
glues from fish bladders, soy-bean glue, potato-starch glues, and 
others, but their use in plywood is unimportant. 
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PLywoop ASSEMBLY PROCEDURE 


Plywood glues are usually mixed mechanically and spread 
by revolving spreaders. The assembled plywood must go under 
a hydraulic press (at approximately 75 lb. per sq. in. pressure) 
before the initial set of the glue has begun, and remain under 
pressure or in clamps for not less than four hours. It is then 
dried, cut to size, and sanded. 


Fig. 1 SHowinc How Rotary VENEER Is Cur From a LoG or 


Bout Arrer THE UNEVEN Exterior Has Been Cut Away. Nortr 
Tue Propasiwity oF IRREGULAR Figurn, With No Two SHEETS 
ALIKE 


Fie. 2 Snowre, Greatry Rorary-Cut 

Wuen Fuatrenep From Its Curvep Form 

Witt Exuisit Cutting Cuecks WHERE THE Have Breen 
Forcep Apart IN THE FLATTENING PRocESS 


WATERPROOFNESS AS APPLIED TO PLYwoop 


There is as yet no simple and effective process of rendering 
wood entirely waterproof. At the present time, certain glues 
are more waterproof than the wood they join together. In 
other words, the immersion of plywood in water will not soften 
or dissolve a properly made and applied casein or blood albumin 
glue. Such immersion, however, will eventually penetrate the 
openings of the wood sufficiently to shrink or swell the wood 
fibers enough either to tear them apart, or to tear them away 
from the glue. When immunity from such water saturation 
of wood becomes practicable, the opportunities for the develop- 
ment of plywood along mechanical lines will be almost un- 
limited. 


oF Piywoop In FuRNITURE 


, The original use of veneer in furniture and interior construc- 
tion was to supply a base or inert foundation on which to mount 
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an extremely fragile or intricately patterned thin veneer. While 
economically sound in principle and scientifically correct in re- 
sult, this utilization gave rise to the erroneous opinion, most 
widely held, that veneer is used to cover up an inferior product, 
and therefore is superficial, and represents neither a high grace 
of craftmanship nor a substantial product. 

Furniture manufacturers have continued this use of veneer 
because of the fundamental correctness of the policy from every 
viewpoint, but popular opinion is still reluctant to accept a ma- 
hogany-plywood table top as even the equivalent of a solid-ma 
hogany top. The facts are, as developed from the author's 
twenty-five year intimate contact with wood construction, that 
a well-made plywood table top is mechanically and artisticall) 
superior to one of solid wood. 

The original method of applying a thin veneer by hand on a 
white-pine core or base, with face and core grain parallel and 
without a right-angled cross veneer between, has been supplanted 
by the modern plywood construction shown on the left half of 
Fig. 6. In this the transverse stresses are carried by the crossed 
grain of the adjacent layers, and the plywood product is therefore 
obviously stronger, stiffer, and less likely to warp than solid 
wood. 

In addition to this use of 5-ply in furniture, chiefly designed 
to furnish a substantial base for a fragile veneer as well as for 
matched and intricately patterned veneer effects, consideral|: 
3-ply is used in the plain woods where strength and lightness 
are essential, This is shown in the right half of Fig. 6 

In the making of furniture and allied products, however, neither 
solid wood nor plywood is subject to anything like maximum 
stresses, and while the strength increment of plywood is of ser- 


Fig. SHowrna How Suerets Are Sucev From a Hews (on 
Sawep) Loe, Sometimes Hatvep AND QUARTERED. THI 
oF ALMostT IDENTICAL FiguURE ON ADJACENT SHEETS 


vice, the laminations are usually to preserve the figured face 
of the veneer. 


PosstBL® STRENGTH QUALITIBS OF PLYWooD 


The tremendous potential field for the use of plywood as 4 
wood construction of maximum strength consistent. with mini- 
mum thickness and weight, was realized only in meager outline 
during the development of airplanes during the war. From 
time to time the vigorous promotion of sheet and tubular metals 
has threatened to outdistance plywood, but still plywood remains 
as a product of remarkable utility in a wide diversity of products 
required by engineers. 


ANALYsis OF PLywoop CHARACTERISTICS 


Plywood, or laminated wood glued up with thin sheets of veneer 
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WOOD INDUSTRIES 


alternating in direction of grain, is stronger than an equal thick- 
ness of ordinary solid wood for several reasons, among which 
the following clearly come within the engineering field. 

Tension and Compression. Wood will resist a much greater 
tension and a much greater compression per unit of sectional 
area in the direction of the grain (the fibers) than it does at right 
angles thereto. 

Resistance to Shear. This same difference occurs in resisting 
shear, or the force necessary to make one part slide by another 
inagiven plane. In shear, however, the wood will resist a greater 
force along a plane perpendicular to the grain than along a plane 
parallel to it. Furthermore, in a plane parallel to the grain 
it has higher resistance to shear sidewise, at 90 deg. to the grain, 
than along the grain. In other words, the resistance of wood 
to shearing is less along the grain than in any other direc- 
tion. 

Bending. There can be no bending without the development 
of tension and compression. Wood has a much greater resistance 
to bending in the direction of the fibers or lengthwise of the grain 
than sidewise, or at 90 deg. to the grain. If, therefore, it were 
possible to have an ideal form of wood construction with the 
fibers running in both directions, it would provide an equal 
strength in every direction so far as tension and compression 
are concerned. 

Furthermore, the bending of an object of uniform thickness 
produces the maximum tension and compression per unit of 
sectional area at the outer and opposite surfaces. That is, when 
an object is bent there is a pulling apart or tension on the con- 
vex side and a pressing together or compression on the concave 
side. Somewhere between is a point at which there is neither 
pulling nor pressing, which is called the neutral axis. As the 
tension and compression are zero at this neutral axis and maxi- 
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mum at the opposite surfaces, it can be easily seen that a rela- 
tively small thickness at each surface supplies the great bulk 
of the tension and compression which together constitute the 
resistance to bending. That is the chief reason why a thickness 
of veneer, perhaps one-sixth of the total thickness of a board, 
placed with parallel grain on top and bottom of an inert sub- 
Stance, will supply nearly all of the tensile and compressive 
Strength supplied by a solid board of equal thickness. 
Cross-Laminations Distribute the Load. When such a laminated 
board is made with similar cross-layers directly under these 
outer layers, the board will have a similar resistance to bending 
in the opposite direction, but not so great because the layers 
are nearer together and have the effect of a board of so much 
less thickness. If, however, the length of span sidewise is re- 
duced so that its square is in the same proportion to the square 
of the length of the main span as the relative distance between 
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the centers of the inner and outer veneers, approximately, the: 


board will have practically equal resistance to bending (or equal 
strength) in both directions, other things being equal. The 
result is that the load will be distributed when supported contin- 
uously on four sides, and therefore require much less thickness 
in plywood than in solid wood, depending on the arrangement 
of the veneers and the relative length of span in each direc- 
tion. 

There can be no resistance to bending, even when the resis- 
tances to tension and compression are supplied, unless there is 
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also provided a resistance to longitudinal shear. Several thin 
layers just placed together (without glue) will offer little resis- 
tance to bending and carry but a relatively small load because 
they bend independently of each other and have no bond to 
unite them so as to resist sliding upon each other in the direction 
of the span, and thus they fail to bring into use the full strength 
of the outer layers. This resistance is known as longitudinal 
shear. It is necessary, therefore, that the successive layers 
should be firmly bonded together into plywood by means of 
glue. 

Since wood, as stated before, has a greater resistance to shear 
sidewise than along the grain, and because this shear in bending 
acts in the direction of the span parallel with the top and bottom 
fibers, it is perfectly apparent that layers of veneer placed cross- 
wise in plywood increase this resistance to this longitudinal 
shear. As wood is likely to fail as much in longitudinal shear 
as in tension and compression, the alternate layers of cross-veneers 
in plywood materially increase the ultimate resistance to bend- 
ing in both directions. 

Condined Resistance. In effect therefore, when the grains 
of the alternate layers are, by construction, at right angles to 
each other as in plywood, one layer supplies a maximum resistance 
either to tension or compression, and the next to longitudinal shear 
in one direction. Adjacent layers act with a maximum resis- 
tance in the reverse direction. 

As a matter of strength of materials and of mechanics alone, 
the use of plywood or laminated veneers does not increase the 
resistance to vertical shear. Vertical shear is the tendency or 
force of a load on a span, acting in a direction opposite to the 
support, to shear across the object. When a piece is supported 
on four sides, however, the load is divided and passes to each 
pair of supports, and in this way reduces the effect of vertical 
shear at any cross-section. 

Influence of Glue. The use of glue, however, undoubtedly 
helps this shear resistance, but as wood does not as readily show 
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failure from vertical shear as from the other forms of stress, 


, transverse shear does not enter largely as a factor into this 


case. 

The effect of using glue in bonding the alternate layers into 
plywood is an important factor. The application of glue to 
wood acts not only as a binder between surfaces, but in so far 
as it penetrates the wood fibers, it acts as a binder between the 
fibers themselves. It also provides this resistance to longitudinal 
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shear, depending upon the quality of the layers, and thus increases 
the total resistance to all forms of stress. It does this because 
good glue generally is stronger than the element of adhesion that 
nature provides between wood fibers. 

As the penetration of the glue into the wood is not great, its 
influence on the ultimate strength of thick layers, other than 
at their immediate junction, is not appreciable. In the case 
of such plywood construction as has been described, however, 
particularly inner veneer layers glued on both sides and treated 
under heat and pressure, the penetration is an appreciable pro- 
portion of the lamination and adds to the aggregate ‘‘built-up” 
plywood an appreciable resistance to all forms of stress. 

Cross-veneering or cross-layers in plywood also have a tendency 
to counterbalance stresses and uneven shrinkage in the wood, 
and thereby prevent the manifestation of the internal stresses 
that are an element of weakness in solid wood. 

Summary. The foregoing may be summed up in the state- 
ment that plywood made of relatively thin layers of veneer, 
with the direction of grain alternating, owes its valuable and 
economic qualities to the fact that this arrangement, properly 
applied, utilizes all of the strength of the wood to the best pos- 
sible advantage in resisting the several kinds of stress and def- 
ormation that occur in all forms of bending and torsion. 

Government tests at the Forest Products Laboratory have 
proved that plywood at its best is stronger per pound of weight 
than solid steel. 
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APPLICATIONS OF PLYWOOD TO THE ENGINEERING TRADES 


This multiplication of wood strength secured by the laminations 
of veneers into plywood opens a new field of great usefulness 
that has scarcely been seriously considered as yet. 

Shipbuilding. Many are the places on shipboard, particular! y 


’ passenger ships, where the sturdy strength and relative lightness 


of plywood together with its economical installation in large 
sheets make it the ideal material for bulkheads or partitions. 
It can be curved as much as desired when glued and can be 
slightly bent and twisted in installation. Shrinking and swelling 
are reduced to a negligible minimum by the balanced stresses 
in the alternately crossed plies. It is dust- and light-proof and 
more sound-resistant than solid wood or metal. Plywood bulk- 
heads are usually 5-ply or 7-ply, and are cut from sheets approxi- 
mately 48 in. by 96 in. long. 

Automotive Construction. Disk automobile wheels with a wel 
of plywood instead of metal will greatly reduce wheel weighi's 
and are already in the experimental stage, giving promise of suc- 
cess. Laminated side frames afford easy riding qualities to one 
popular make of car. Plywood bumper bars afford resilient 
and elastic properties and do not so easily mark and damage 
the opposing car as do meta! bumpers. Bus and delivery body 
sides and tops are formed in plywood, resulting in a maximum 
of strength with a minimum of weight. Where larger than stani(- 
ard sizes are required, joints can be “scarfed” and glued together, 
resulting in strength equivalent to that of the original sheet. 

Airplane Requirements. During the war, plywood of veneers 
proved to be light and strong, and was largely used for fuselage 
and wing construction. Propellers were made of another type 
of plywood which might be described as “‘laminated lumber.” 
The speed of a propeller tip is enormous, and lightness in weight 
is essential to reduce centrifugal force and the resulting strains 
and stresses. When this country seriously undertakes the ce- 
velopment of a protective as well as a commercial air policy, the 


5 PLY 3-PLY 
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opportunity for the use of plywood in airplanes will be greatly 
enhanced. 

Plywood Containers. The plywood packing case is an example 
of “equal-thickness ply” construction made of three thicknesses 
of 1/a- or */i-in. rotary-cut veneer. After gluing and cutting 
these sheet shooks to size they are stiffened by means of wooden 
strips nailed on all four edges. These reinforced sheets are se! 
up ina case, and when so set up may be used for a wide variety 
of merchandise packing. 
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TABLE 1 OVEN-DRY WEIGHTS OF VENEER OF VARIOUS SPECIES AND THICKNESSES 
(In ounces per square foot of 1-ply.) 


-—-—Veneer Thickness in Inches 


Spe- 
cific 
gravity 
based Air- 
on dry 
oven- moits- 
dry ture 
weight con- 
and tent, 
per 
Species volume cent ‘'/100 1/eo 
Ash, black...... 0.50 10.4 0.42 0.52 0.65 0.69 0.76 0.87 1.04 
Ash, commercial 
err 0.58 8.9 0.48 0.60 0.75 0.80 0.88 1.00 1.21 
Basswood....... 0.38 8.4 0.32 0.40 0.49 0.53 0.58 0.66 U.79 
Beech.......... 0.63 11.2 0.52 0.66 0.82 0.87 0.95 1.09 1.31 
Birch, yellow.... 0.63 9.6 0.52 0.66 0.82 0.87 0.95 1.09 1.31 
Butternut....... 0.39 7.6 0.32 0.41 0.51 0.54 0.59 0.68 O.81 
Cedar, Spanish... 0.37 7.2 0.31 0.38 0.48 O.51 0.56 0.64 0.77 
Cherry, black... 0.51 9.2 0.42 0.53 0.66 O.71 0.77 O.88 1.06 
Chestnut....... 0.44 8.6 0.37 0.46 0.57 0.61 0.67 0.76 0.92 
Cottonwood 
common),..... 0.43 4.7 0.36 0.45 0.56 0.60 0.65 O.75 U.90O 
Cypress bald.... 0.44 9.0 0.37 0.46 0.57 0.61 0.67 0.76 0.92 
Douglas fir 
W as hington 
and Oregon)... 0.51 6.2 0.42 0 53 0.66 O.71 O.77 1.06 
Douglas fir 
Montana and 
Wyoming).... 0.44 9.4 0.37 0.46 0.57 0.61 0.67 O.92 
Elm, white...... 0.51 8.8 0.42 0.53 0.66 O.71 1.06 
Gum, black..... 0.52 7.2 0.43 0.54 0.68 0.72 OU.79 0.90 1.08 
Gum, cotton.... 0.52 6.1 0.43 0.54 0.68 0.72 0.79 0.90 1.08 
Gum, red....... 0.49 11.3 O.51 0.64 0.68 O.85 1.02 
Hackberry...... 0.54 9.2 0.45 0.56 0.70 0.82 0.94 1.12 
Hemlock, western 0.42 8.6 0.35 0.44 0.55 OU.58 0.64 O.73 OU 
Magnolia (ever- 
8.8 0.42 0.53 0.66 O.71 O.77 O.88) 1.06 
Mahogany, Cen- 
tral American. 0.49 7.9 0U.41 O.51 0.65 0.68 O.75 O.85 1.02 
Mahogany, Afri- 
can 0.46 8.0 0.38 0.48 0.60 0.64 O.70 O.80 0.96 
Maple, silver.... 0.48 8.2 0.40 0.50 0.62 0.67 0.73 0.83 1.00 
Maple, sugar.... 0.62 10.5 0.52 0.65 0.81 0.86 0.94 1.08 1.29 
Oak, commercial 
vet 0.64 10.7 0.53 O.83 O.89 O.97 1.11 1.33 
Oak, commercial 
white ..ee. 0.68 11.0 0.57 O.71 0.88 0.94 1.03 1.18 1.41 
Pine, longleaf.... 0.66 9.2 0.55 0.69 0.86 0.92 1.00 1.15 1.37 
Pine, sugar...... 0.37 11.4 0.31 0.48 0.56 0.64 0.77 
Pine, shortleaf... 0.54 11.0 0.45 0.56 O.70 O.75 O.82 O.94 1.12 
Pine, western 
yellow........ 0.41 10.8 0.34 0.43 0.53 0.57 0.62 0.71 
Pine, white...... 0.39 9.9 0.33 0.41 O.51 0.54 0.59 0.68 0.81 
Poplar, yellow... 0.41 6.1 0.34 0.43 0.53 0.57 0.62 O.71 0.85 
Spruce, Sitka.... 0.38 8.9 0.32 0.40 0.49 0.53 0.58 O s 0.79 
DSycamore....... 0.50 9.2 0.42 0.52 0.65 0.69 0.76 O.87 1.04 
Tanguile (Philip- 
pine mahog- 
(ee .. 0.54 11.8 0.45 0.56 0.70 0.75 0.82 0.94 1.12 
Walnut, black. 0.57 4.8 0.47 0.59 0.74 OU.79 O.86 O.99 1.19 


1.30 1.49 1.74 2.08 2.60 3.47 4.16 5.20 6.94 7.81 10.41 
1.51 1.72 2.01 2.41 3.02 4.02 4.82 6.04 8.05 9.05 12.06 
0.99 1.13 1.32 1.58 1.98 2.64 3.16 3.96 5.28 5.94 7.92 
1.64 1.87 2.19 2.62 3.28 4.37 5.24 6.56 8.74 9.84 13.12 
1.64 1.87 2.19 2.62 3.28 4.37 5.24 6.56 8.74 9.84 13.12 
1.02 1.16 1.35 1.62 2.03 2.71 3.25 4.06 5.42 6.09 8.12 
0.96 1.10 1.28 1.54 1.92 2.56 3.08 3.85 5.13 5.77 7.70 
1.33 1.52 1.77 2.12 2.65 3.54 4.25 5.31 7.08 7.97 10.62 
1.14 1.31 1.52 1.83 2.29 3.05 3.67 4.58 6.10 6.87 9.16 
1.12 28 1.49 1.79 2.24 2.98 3.58 4.47 5.97 6.71 8.96 
1.14 1.31 1.52 1.83 2.29 3.05 3.67 4.58 6.10 6.86 9.16 
1.33 1.51 1.77 2.12 2.65 3.53 4.24 5.30 7.08 7.96 10.6 
1.15 1.31 1.53 1.83 2.29 3.05 3.66 4.58 6.10 6.87 9.16 
1.33 1.52 1.77 2.12 2.65 3.54 4.25 53.31 7.08 7.97 10.62 
1.35 1.55 1.80 2.17 2.71 3.61 4.33 5.42 7.32 8.12 10.82° 
1.35 1.55 1.80 2.17 2.71 3.61 4.33 5.42 7.32 8.12 10.82 
1.28 1.46 1.70 2.04 2.55 3.40 4.08 5.10 6.80 7.66 10.20 
1.40 1.61 1.87 2.25 2.81 3.75 4.49 5.63 7.50 8.44 11.24 
1.09 1.25 1.46 1.75 2.18 2.91 3.50 4.37 53.83 6.56 8.74 
1.33 1.51 1.77 2.12 2.65 3.353 24 5.30 7.08 7.96 10.6 
1.28 1.46 1.70 2.04 2.55 3.50 4.08 5.10 6.80 7.66 10.20 
1.19 1.37 1.59 1.91 2.39 3.19 3.83 4.78 6.38 7.17 9.57 
1.25 1.43 1.67 2.00 2.50 3.33 4.00 5.00 6.66 7.530 7.00 
1.61 1.85 2.15 2.58 3.23 4.30 5.16 6.46 8.60 9.69 12.91 
1.66 1.90 2.22 2.66 3.33 4.44 5.32 6.66 8.88 9.99 13.3 
1.77 2.02 2.36 2.83 3.54 4.72 5.66 7.08 9.43 10.61 14.1 
1.72 1.96 2.29 2.75 3.44 4.58 5.50 6.88 9.16 10.32 13.75 
0.96 1.10 1.28 1.54 1.93 2.57 3.08 3.85 5.14 5.78 7.70 
1.40 1.60 1.87 2.25 2.81 3.74 4.49 5.62 7.49 8.43 11.2 
1.07 1.22 1.42 1.71 2.13 2.8 3.41 4.27 5.69 6.4v 8.54 
1.02 1.16 1.35 1.62 2.03 2.71 3.25 4.06 5.42 6.09 8.12 
.OF 1.22 1.42 1.71 2.13 2.84 3.41 4.27 5.69 6.40 8.54 
0.99 1.13 1.32 1.58 1.98 2.64 3.16 3.96 5.28 5.94 7.94 
.30 1.49 1.73 2.08 2.60 3.47 4.16 5.20 6.94 7.82 10.41 
1.40 1.60 1.87 2.25 2.81 3.74 4.49 5.62 7.49 8.42 11.20 
1.48 1.70 1.98 2.37 2.97 3.§ 4.75 5.94 7.92 8.91 11.87 


Weight of glue per square foot of single glue line: blood albumin, about 0.3 oz.; casein, about 0.4 oz. 


The plywood shooks weigh less than half as much as lumber 
box shooks and are tougher and stronger in service. Plywood 
packing cases are frequently used to protect plywood furniture 
from injury during shipping. 

Small Formed Boxes. A process has recently been perfected 
in Europe in which veneer is cut !/,o9 in. thick and glued into 
3-ply, resulting in '/y-in. plywood. This plywood can be formed 
in dies and cauls, after the glue is dried, just as pasteboard and 
thin metal are stamped. It is used for small boxes for cigarettes, 
cosmetics, and the like. This material as now made has a much 
wider manufacturing application. 

/ntertor Fitments. Plywood is the only form of wood that 
can be used for large paneling without shrinking or swelling 
appreciably. Both flat shapes and curved ones can be used. 
This constructional utilization of plywood has suffered serious 
neglect. 

Flush plywood doors offer an attractive and sanitary type 
of door for hospitals and public buildings. Plywood doors are 
more free from temperature and climatic change than any other 
type of door. Plywood doors can be interlined with asbestos 


or metal for fire-resistant or X-ray-proof purposes without de- 
‘racting from their exterior appearance. 


EXPLANATION OF TABLE 1 


Table 1 gives the approximate weight of individual sheets of 
vencer in ounces per square foot, making possible the compu- 
tation of the weight of plywood built up of any combination of 
thicknesses and veneer species listed and of any number of plies. 
The approximate weights of two common water-resistant ply- 
wood glues in ounces per square foot of glued surface are also 
given. 

It should be remembered that the weight of woods is quite 
variable, and that large differences from the figures are to be 
expected, particularly with small quantities of material. 

Example: To get the weight of a square foot of 5-plywood 
consisting of 1-ply of '/.-in. basswood, 2 plies of '/i.-in. bass- 
wood, and 2 plies of !/2-in. yellow birch for faces, at 12 per 
cent moisture, glued with casein glue: 


Weight = [(1 X 2.64) + (2 X 1.98) + (2 X 2.62)] 1.12 + 
(4 X 0.4) = 14.9 oz. 


The example above is slightly in error through neglecting the 
change in volume between the moisture content at 12 per cent 
and the moisture listed in the table. 
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TABLE 2. STRENGTH OF VARIOUS SPECIES OF 3-PLY PANELS 


(All plies in any one panel were of the same thickness and of the same species —grain of successive plies at right angles. In most cases eight thicknesses o 
plywood, ranging from in.{to in. were tested.) 
——————— Column bending-—-——-——-— 
Average Modulus of 
specific elasticity 
gravity Tensile Test 
of plywood Column bending modulus Paral- Perpen- Splitting 
based on lel! dicular! Parallel! Perpendicular! resistance 
oven-dry Parallel! Perpendicular! 
weight and Average 1000 1000 Per 
7 volume moisture, No. of Lb. per No. of Lb. per Ib. per Ib. per No. of | Lb per No. of Lb. per No. of cent of 
Species at test per cent tests Sq. in. tests sq. in. sq. in sq. in. tests sq. in. tests sq.in. tests birch* 
eee : 0.49 9.1 120 7,760 120 1770 1070 96 120 6,180 120 3940 240 ; 
Ash, commercial white..... 0.60 10.2 200 9,930 200 2620 1420 143 200 6,510 200 4350 400 71 
Basswood......... 5 aban ah carte 0.42 9.2 200 7,120 200 1670 1210 85 200 6,880 200 4300 400 63 
0.67 8.6 120 15,390 120 2950 2150 167 120 13,000 120 7290 240 
Birch, yellow..... 0.67 8.5 195 16,000 200 3200 2260 197 200 13,210 200 7700 400 100 
Cedar, Spanish............ 0.41 13.3 115 6460 115 1480 1030 S4 115 5,200 115 3340 230 60 
Cherry®.......... aan 0.56 9.1 115 12,260 115 2620 1630 152 115 8460 115 5920 230 80 
0.43 11.7 40 5,160 40 1110 740 75 40 4,430 40-2600 80 74 
Cottonwood‘............ 0.46 8.8 120 8,460 120 1870 1440 109 120 7,280 120 4240 240 85 
Cypress, bald.......... 0.45 8.0 113 8.890 113 1850 1220 9 113 6,160 113 3980 148 49 
err Tre 0.48 8.6 176 9,340 200 1940 1530 126 200 6,188 200 3910 374 63 
Elm, cork...... ia ae alee 0.62 9.4 65 12,710 65 2500 1980 136 65 8,440 65 5500 130 ag 
Elm, white.... as Gola ame en 0.52 8.9 160 8,680 160 1970 1220 109 160 5,860 160 3990 320 75 
0.40 8.5 24 9,200 24 1811 1580 100 24 5,670 24 3770 48 60 
a ae eer er 0.54 10.6 40 8,090 40 1920 1280 113 35 6,960 35 4320 70 5 
Oe ee ee 0.50 10.3 80 7,760 80 1580 1300 111 8O 6,260 80 3760 160 60 
ve 0.54 182 9,970 182 2070 1590 120 182 7,850 182 4930 364 
0.54 10.2 80 8,100 80 1880 1150 99 80 6,920 80 4020 160 
Hemlock, western.......... 0.47 9.7 119 9,250 119 1960 1580 112 119 6,800 119 4580 238 63 
ee 0.58 8.8 80 10,830 sO 2600 1700 138 80 9,220 80 5730 120 5 
Mahogany, African®....... ; 0.52 12.7 20 8,070 20 2000 1260 144 20 », 370 20 3770 — 
Mahogany, Philippine’’...... 0.53 10.7 25 10,160 25 2310 1820 169 25 10,670 25 5990 50 wo 
Mahogany, true............ 0.48 11.4 35 8,500 35 1940 1250 117 35 6,390 35 3780 
wee 0.57 8.9 120 11,540 120 2420 1750 145 120 8,180 120 5380 240 106 
0.68 8.0 202 15,600 202 3340 2110 189 192 10,190 202 6530 404 
Oak, commercial red........ 0.59 9.3 115 8,500 115 2070 1290 120 115 5.480 115 3610 230 >) 
Oak, commercial white.. . 0.64 9.5 195 10,490 195 2310 1340 118 195 6,730 195 4200 390 85 
0.42 9.4 65 8,050 70 1670 1310 90 70 5,430 70 3690 140 i7 
eee oe 0.42 5.4 40 10,130 40 2050 1570 lil 10 5,720 40 3340 80 $1 
Poplar, yellow..... “trie ee 0.50 9.4 165 8,860 165 1920 1540 115 155 7,390 165 4720 330 rh 
EO er ee eer 0.42 9.7 105 8,230 105 1550 1180 108 105 4,770 105 2960 210 $8 
Spruce, Sitka...... Pan : 0.42 8.3 121 7,710 121 1690 1370 105 121 5,650 121 3410 224 rf. 
0.56 9.2 163 11,040 2340 1630 130 163 8,030 163 5220 326 
Walnut, black.............. 0.59 9.1 110 12,660 110 2770 1740 141 110 8,250 110 5260 220 7 
00 0.49 7.3 33 2,960 33 900 560 44 33 2,210 33 1700 66 


1 Parallel and perpendicular refer to the direction of the grain of the faces relative to the direction of the application of the force. 


? The relative splitting resistance of the various panels tested depends largely on the holding strength of glue. 


6 Probably white fir. 


% Probably black cherry. ? Probably black 
7 robably Diack gum. 


4 Probably (common) cottonwood. 
5 Coast type. 


8 Probably (evergreen) magnolia. 


* Probably Khaya sp. '? Sugar or black maple 
‘0 Probably tanguile 


‘! Probably silver maple 


NotTg.—In some of the species listed above the tests are rather limited in number. Since there is considerable variation in the strength of wood, further 
tests on additional material would be expected to modify the values appreciably in some cases. 


EXPLANATION OF TABLE 2 


The data of Table 2 may be used to compute the thickness 
of three-ply wood members of various species when the forces 
acting on these members are known. The strength in bending 
is given by the column-bending modulus, which may be used 
in computations in a capacity similar to the modulus of rupture 
of ordinary wood. The direction in which the external forces 
act on the member relative to the direction of the face grain 
of the plywood must be taken into consideration in using the data. 
The strength values correspond to the moisture contents listed. 


Types or PLywoop CoNsTRUCTION 


Several of the more commonly used types of plywood construc- 
tion are shown in Fig. 7, and a still wider range can be secured 
by combining veneer and lumber. Many other variations and 
combinations can be made in plywood construction, with more 
plies, or even number of plies, or angular and radial grain ar- 
rangements, each having its particular use and purpose. 

Plywood With Equal Thickness of Each Ply. Plywood made 
with plies of equal thickness had a purely utilitarian origin, 
i.e., to use the best veneers for the faces, the next for the back, 
and the poorest for the inside layers, thus working up the entire 
product of the log. Door panels are customarily made of three 
thicknesses '/; in. thick sanded down so as to fit into a °/s-in. 
groove, or five thicknesses '/, in. thick fitted to a °/,-in. groove, 
depending on the size of the panel. 

Some stock panels are made in this way, but !/,in. stock 


3-PLY FLEXIBLE 
3-PLY BENT 


SPLY BENT 


Fig. S FLexipLe Curvep PLywoop SHowina RELATION OF 

THICKNESSES AND BenpinG. Benoina THE Grain Is Easy 

PosstpLe oN Tuick VENEER. BENDING AGAINST THE GRAIN 
SHoutp Be on THIn VENEER 


panels are more often made with a */j;s-in. veneer core and ‘, »:- 
in. face and back. 

This same style of construction with plies of equal thickness 
is used for player-piano bellows stock and automobile instru- 
ment boards, dashboards, floor boards, and the like, although 
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TABLE 3) THICKNESS FACTORS FOR VENEER 


{Giving: (1) Veneer thickness for the same total bending strength as birch (K,); (2) veneer thickness for the 


same weight as birch (K w).] 
D 


Average 
specific gravity Specific gravity 
of species!! of glued ply- 


Unit bending strength 
based on oven- wood as :ested, Moisture con- strength com- 4¢ pirch 
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study of suitable glues and ad- 
hesives, but the opportunity is 
Ss K, Kw most promising. 
Thickness 
factor for the 
same total ‘Thickness 
bending factor for the 
same weight 


EXPLANATION OF TABLE 3 


When substituting one species 


dry weight and based ou oven- tent of plywood pared with 100 — for another in airplane plywood 
air-dry dry weight and as tested, »irch,! it is desirable to know the thick- 
Species volume volume at test per cent per cent D 
oe 0.50 0.49 9.1 52 1.39 1.26 ness of veneer which will give 
Ash, commercial white... 0.58 0.60 10.2 72 1.18 1.09 >} > » hendi > 
Bassweed. 0.38 9.2 45 1.44 1.66 either the same be nding stre ngth 
VS RGN 0.63 0.67 8.6 94 1.03 1.00 or the same weight as the origi- 
Birch, yellow.......... 0.63 0.67 8.5 100 1.00 1.00 pone 
Cedar, Spanish...... 0.3 0.41 3.3 : 1.52 
berry? 0.51 0.56 9.1 80 1 12 1 24 factors K, and Ky given in Table 
Chestnut............ 0.44 0.43 11.7 34 1.72 1.43 2 wl : ful for thi 
Cottonwood... . 0.43 0.46 8.8 56 1.34 1.47 3 will be found useful for this 
Cypress, bald. . 0.44 0.45 8.0 57 1.32 1.43 purpose. For instance, the 
Douglas fir’... .... 0.51 0.48 8.6 60 1.29 1.24 thickness of basswood veneer 
Elm, cork... 0.66 0.62 9.4 78 1.13 0.95 flord 
Elm, white. . eign 0.51 0.52 8.9 58 1.13 1.24 required to afford approximately 
Fir, true*.... 0.38 0.40 8.5 57 1.32 1.66 
GO 0.52 0.54 10.6 55 1.35 1.21 the ng 
rello 
Gum, cotton... 0.52 0.50 10.3 49 1.43 1.21 one-tenth inch yellow -popiar, 
Gum, red....... 0.49 0.54 8.7 64 1.25 1.29 may be obtained by multiply- 
Hackberry....... 0.54 0.54 10.2 55 1.35 . 
Hemlock, western. 0.42 0.47 97 60 1.29 1.50 ing the thickness of the yellow 
Magnolia®.......... 0.51 0.58 8.8 a4 1.16 b.2@ poplar by the ratio of the thick- 
Mahogany, African’ 0.46 0.52 12.7 56 1.34 1.37 ass woc t 
Mahogany, Philippine* 0.57 0.53 10.7 65 4.21 1.10 ness factor (K.) of b wood to 
Mahogany, true... .. 0.49 0.48 11.4 57 1.32 1.29 that of yellow poplar. The 
Maple, soft® 0.48 0.57 74 1.16 1 31 
Maple, hard'®....... 0.62 0.68 8.0 100 1.00 1.02 factor Kw may be used in a 
Oak, commercial red... . 0.63 0.59 9.3 59 1.30 1.00 similar computation to obtain 
Oak, commercial white 0.69 0.64 9.5 69 1.20 0.91 > thickness of o cies re- 
Pine, OU@OT......... 0.37 0.42 9.4 51 1.40 1.70 the thickness of one sansa 
Pine, white... .. i 0.39 0.42 5.4 64 1.25 1.61 quired to equal the weight of 
6 1 1 
Poplar, yellow. . . 0.41 0.50 9.4 58 1.31 1.54 another. 
Redwood..... 0.36" 0.42 9.7 50 1.41 1.75 
Sycamore........ 0.50 0.56 9.2 71 1.19 1.26 
Spruce, Sitka 0.38 0.42 8.3 50 1.41 1.66 THE TEsTING oF PLYwoop 
Walnut, black 0.57 0.59 9.1 83 1.10 1.10 
Yucca species. ... 0.49 7.3 23 2.09 The possibility of using ply- 


Average of the column bending moduli parallel and perpendicular to grain compared to birch, based on tests 


of 3-ply wood, each ply one-third of the total panel thickness. 
* Probably black cherry. 
' Coast type. 
Probably white fir 
* Probably black gum 
Probably (evergreen) magnolia 
Probably Khaya species 
Probably tanguile 
Probably silver maple 
Probably sugar or black maple 


Values of domestic species taken from U.S. Department of Agriculture Bulletin 556, Mechanical Properties 


of Woods Grown in the United States 
Based on tests not included in Bulletin 556 


the core wood often is of a different species and sometimes of a 
different thickness from face and back, thereby departing from 
the original utilitarian urge. 

Flexible and Bent Plywood. Veneers do not bend easily against 
the grain, hence a flexible panel may be made with a very thin 
core of veneer and thick faces of loose-cut veneer. (See Fig. 8.) 
‘The old-fashioned sleigh was made using this class of plywood. 
The combined flexibility and stiffness of such plywood is surpris- 
Ing 

Bent plywood carries this flexible plywood idea one stage 
further. The reverse-curve opera seat should be bent rigid, 
not flexible, hence if a face and back of thin veneer are glued 
on to the above 3-ply flexible panel, it will result in a rigid bent 
o-ply panel. It is, of course, made in one gluing operation and 
pressed and dried in nested cauls or dies. 

This rigid bent plywood can also be made in 3-ply, using a 
thin face and back, and a thick, loosely cut core, bending the 
core with the grain. This is cheaper and not equal to the 5- 
ply seat. 


Plymetal. Not only is it possible to produce combinations 
of different woods through a series of thicknesses and through 
various methods of assembling of wood veneers, but a new field 
appears in which wood-fiber board and metal may be ‘“‘plied” 
together in various combinations. This will require a careful 


wood in the manufacture of air- 
planes, fuselages, and wing-beam 
covers and for many purposes 
where heavy silk and other fab- 
rics were previously used was a 
war development, and Govern- 
ment departments were immedi- 
ately put to work investigating 
the subject. Starting with the 
proved fact that laminated wood 
or plywood may be stronger than steel, weight for weight, of 
what practical use could this have been in winning the war? 

Considerable literature was developed by the Forest Products 
Laboratory at Madison, Wis., but the results are too new, the 
scope of the investigations too limited, and our perspective is 
too short to do full justice to the subject. 

The testing of veneer was chiefly as a component part of ply- 
wood to determine what any single ply might do under various 
conditions. The weights of commercial species of veneer (Table 
1) were determined, but it was found that different trees of a 
single species yielded veneer of somewhat varying weights—heart 
wood was heavier than sap, highland and lowland growths had 
different textures, and so on. 

Table 1 should be used in determining the approximate weights 
per square foot of oven-dry veneer. Utilizing the glue weight 
given, it is possible to compute the weight of plywood and re 
duce it to pounds per square foot. Table 2 is developed for 
the purpose of computing the approximate tensile strength of 
plywood per square inch. Table 3 gives thickness factors for 
determining the thickness required in basswood or ash to be 
equivalent to yellow birch. 

In addition to the tables on veneer tests just described, another 


3 ‘Data on the Design of Plywood for Aircraft,’ National Advisory 
Committee for Aeronautics, Report No. 84, 1920. 
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Table 4 (from Report No. 84) is given, showing the strength 
of the various species of wood when made into 3-ply. 

Both of these series of tests, however, relate to the develop- 
ment of ultimate strength in plywood and apply to airplane de- 
sign rather than to other industries where abundant strength 
can be obtained by sufficient size and weight. 

Tests of commercial glues have a much wider application 
than the veneer and plywood tests outlined above. The glue 
tests fall into two general forms, one for the constituents and 
qualities of the glue in powder and fluid form,‘ and the other for 
the strength of joints made in various ways with different glues. 

The British and the United States Governments have adopted 
similar methods for testing the strength of a plywood glued 
joint. Pieces of veneer are glued up into plywood, of the size 
and arrangement shown in Fig. 9. The arrangements of trans- 
verse grooves is such that when the samples are pulled apart 
in a tensile testing machine the separation must come on either 
one or both of the glue lines, or in the short center piece of ve- 
neer core. 

The difficulty with this test is the lack of uniformity in mixing 
and applying glues to different woods under varying pressures. 
There are too many variable elements to isolate clearly the one 
of glue-joint strength. This method, however, gives satisfac- 
tory comparative tests where an unknown glue is tested under 


Fie. 9 Guus Test SpectImMEN AS MADE FOR THE MANUFACTURE 
oF PLywoop, ADOPTED BY THE AMERICAN AND BriTIsH GOvVERN- 
MENTS DuRING THE RECENT WAR 


similar conditions with one whose qualities are known to be 
satisfactory. 

Another similar shear test but under compression rather than 
tension is usually made by gluing blocks of hard maple together 
and pushing rather than pulling apart. 


EXPLANATION OF TABLE 4 


Table 4 lists the tensile strength of 3-ply wood of various 
common veneer species and the approximate strength of single- 
ply wood. The strength figures, given in pounds per square 
inch, correspond to the moisture contents listed. 

Sample Computation: To obtain the tensile strength of 3-ply 
wood consisting of two '/2-in. birch faces and a '/j»-in. basswood 
core: 

Tensile strength parallel to face grain = 2 * '/» X 19,820 
= 1982 lb. per in. of width. 

Tensile strength perpendicular to face grain = 1 X '/is X 
10,320 = 645 lb. per in. of width. 

This computation neglects the tensile strength of the ply or 


4A bulletin describing ‘‘Standard Methods for Determining 
Viscosity and Jelly Strength,’’ adopted by the National Associa- 


tion of Glue Manufacturers at Atlantic City, Oct. 10, 1923, may be 
obtained from the National Association of Glue Manufacturers, 
1355 West 31st Street, Chicago, IIl. 

See also ‘Recent Advances in Methods of Glue Evaluation,” 
by Wilbur L. Jones, MecHanftat ENGINEERING, vol. 47, no. lla, 
Mid-November, 1925, p. 1072. 


plies perpendicular to the grain, which is comparatively small, 


and the results are therefore slightly in error. 


The mechanical properties of wood are quite variable, and 
the strength of individual pieces may be expected to differ con- 


siderably from the average values given. 


TABLE 4 TENSILE STRENGTH OF PLYWOOD AND VENEER 


Tensile 
strength? 
of 3-ply Tensile 
wood strength? 
parallel of single- 
Moisture Specific to grain ply veneer 

content gravity! of faces, 1/2 (d), 

Number at test, of ply- Ib. per Ib. per 

Species of tests percent wood sq. in. $q. in. 

(a) (b) (c) (d) 

120 9.1 0.49 6,180 9,270 
Ash, commercial white. 200 10.2 0.60 6,510 9,760 
Basswood. 200 9.2 0.42 6,830 10,320 
Beech. 120 8.6 0.67 13,000 19,500 
Birch, yellow.. 200 8.5 0.67 13,210 19,820 
Cedar, pou... 115 13.3 0.41 5,200 7,800 
Cherry*..... 115 9.1 0.56 8,460 12,690 
Chestnut ae 40 11.7 0.43 4,430 6,640 
Cottonwood®........ 120 8.8 0 46 7,280 10,920 
Cypress, bald..... 113 8.0 0.45 6,160 9,240 
a 200 8.6 0.48 6,180 9,270 
ES eee 65 9.4 0.62 8,440 12,660 
Elm, white....... 160 8.9 0.52 5,860 8.790 
Fir, true’ 24 8.5 0.40 5,670 8,510 
Gum’..... 35 10.6 0.54 6,960 10,440 
Gum, cotton sO 10.3 0.50 6,260 9,390 
Gum, red........ : 182 8.7 0.54 7,850 11,780 
Hackberry......... my 8O 10.2 0.54 6,920 10,3380 
Hemlock, western..... 119 9.7 0.47 6,800 10,200 
Magnolia’. . Epis 80 8.8 0.58 9,220 13,830 
Mahogany, African’... 20 12.7 0.52 5,370 8,060 
Mahogany, Philippine'! 25 10.7 0.53 10,670 16,000 
Mahogany, true....... 35 11.4 0.48 6,390 9,580. 
Maple, soft!?.......... 120 8.9 0.57 8,180 12,270 
Maple, hard'?...... , 192 8.0 0.68 10,190 15,290 
Oak, commercial red. 115 9.3 0.59 5,480 8,220 
Oak, commercial white. 195 9.5 0.64 6,730 10,100 
eee 110 8.0 0.42 5,530 8,300 
Pine, WaneR...... 40 5.4 0.42 5,720 8,580 
Poplar, yellow... 155 9.4 0.50 7,390 11,080 
MeGweed.....6. 4% 105 9.7 0.42 4,770 7,160 
Spruce, Sitka. 121 8.3 0.42 5,650 8,450 
Sycamore 163 9.2 0.56 8,030 12,040 
Walnut, black... . 110 9.1 0.59 8,250 12,380 
Yucca species 33 7.3 0.49 2,210 3,320 


| Specific gravity based on oven-dry weight and volume at test. 
2 Based on total cross-sectional area. 
3 Based on assumption that center ply carries no load. 
* Probably black cherry. 


5 Probably (common) cottonwood. 


* Coast type. 
7 Probably white fir. 


8’ Probably black gum. 


* Probably (evergreen) magnolia. 

10 Probably Khaya species. 

Probably tanguile. 

12 Probably silver maple. 

13 Sugar or black. 

Data based on tests of 3-ply panels with all plies in any one panel sa: 
thickness and species. 


CONCLUSION 


The engineering field offers many other openings for the econo- 
mic and effective use of a plywood that is strong for its weight 
as well as thoroughly waterproof. 

The maker and the user of plywood may well join forces in 
striving to bring about a better understanding of plywood in 
its many aspects, in an intensive development of the processes 
of making plywood, and a broader utilization for both economic 
and utilitarian purposes. 


Discussion 


Cuarves B. Norris.’ I would like to make a few additions 
to the paper, in parts that might possibly be a little misleading. 
The author says, ‘“Cross-veneering or cross-layers in plywood 
also have a tendency to counterbalance stresses and uneven 
shrinkage in the wood, and thereby prevent the manifestation 


5 Mechanical Engineer, Haskelite Mfg. Corp., Grand Rapi:s, 
Mich. Mem. A.S.M.E. 
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of the internal stresses that are an element of weakness in solid 
wood."’ The word ‘manifestation’ is well chosen, because 
the stresses are there. In fact, the internal stresses of plywood 
are likely to be greatly in excess of those found in ordinary 
wood. In some cases, where the panel is rather thick and the 
core is also thick with respect to the thickness of the panel, 
plywood panels have large longitudinal shear stresses due to 
the internal forces built up. But these stresses in plywood 
are balanced so that they do not tend to warp the plywood. 
They are balanced in the degree that when the panels fail in 
longitudinal shear, they show no signs of warping until the 


failures have actually occurred. Then, of course, there are some ~ 


signs of warping. 

The author also says, “Since wood, as stated before, has a 
greater resistance to shear sidewise than along the grain, and be- 
cause this shear in bending acts in the direction of the span paral- 
lel with the top and bottom fibers, it is perfectly apparent that 
lavers of veneer placed crosswise in plywood increase this resis- 
tance to this longitudinal shear.” The meaning of that para- 
graph evidently is that the likelihood of failure in longitudinal 
shear is decreased. It is; but another factor is involved—the 
rigidity of wood is much less across the grain than with the grain. 
‘Therefore in a piece of plywood there is a much greater tendency 
for the layers to slip over each other than would be the case if the 
lavers were glued with the grain of all layers lying in the same 
direction. This means that the wood, under certain conditions, 
could be bent without inordinately increasing the compression 
strains that would naturally result from such bending. 

In another place the author says, ““‘When such a laminated 
hoard is made with similar cross-layers directly under these outer 
layers, the board will have a similar resistance to bending in the 
opposite direction, but not so great because the layers are nearer 
together and have the effect of a board of so much less thickness.”’ 
‘This is approximately true in the average case of plywood panels, 
say three-ply panels, where the faces have about the same longi- 
tudinal thickness as the core. There are some special cases, 
however, which are important enough to be considered. For in- 
stance, it isevident that a piece of three-ply plywood, having a 
core Which is thick compared to the thickness of the total piece 
ol plywood and having very thin faces, will act like a board whose 
grain is in the direction of the core. On the other hand, a piece 
ol three-ply plywood with an exceedingly thin core and thick 
faces will aet like a board whose grain runs in the direction of 
the faces. Undoubtedly somewhere between those two limits 
there will be a construction of three-ply plywood which will have 
exactly the same strength in both directions. In fact, such a 
construction can be rather readily determined mathematically. 
Also, between these two extreme constructions, there is a con- 
struction of plywood that has the same stiffness in both 
directions. 

lt is interesting to note that if the problem is analyzed mathe- 
matically the construction for equal stiffness in both directions is 
ound not to be the same as that for equal strength in both direc- 
tions. It is important to call attention to this fact because the 
real advantage in plywood is that the construction can be de- 
signed to suit the particular purpose the designer has in mind. 

In discussing albumin glue, the author says, “This coagulation 
takes place from 175 to 200 deg. fahr., and veneer thicker than 
in. is likely to discolor from heat during coagulation.” We 
have found that discoloration can be controlled by controlling the 
temperature. In fact, faces of plywood as thick as '/, in. can be 
glued without any discoloration. 

The author adds, “Each layer of veneer applied requires sep- 
arate coagulation.” That limitation also has been overcome. 
We often glue up seven- and five-ply panels in a single opera- 
tion. 
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C. W. Core.* It would be unseemly for a non-technical repre- 
sentative of a comparatively non-engineered industry to discuss 
in technical detail the paper just presented. The author has 
touched on a few of the many factors involved in the production 
of plywood, indicating that his profession has a thorough under- 
standing of them and the need for further study of plywood pro- 
duction and use, control of production factors, further develop- 
ment of comparative tests, and research of partially developed 
and potential markets. 

Every new or partially developed use for any product must go 
through an experimental stage with the cooperation of both the 
consuming and producing branches. It is during the develop- 
ment or experimental stage that both factors need the kindly 
guidance of the engineering profession. 

It is perhaps safe to say that only recently has the woodworking 
industry in its several branches been discovered as a fertile field 
by the strictly technical profession. As yet a great many, per- 
haps the majority, of the large commercial units in the wood- 
working industry are without the benefit of technical advice from 
within their own personnel. While many manufacturers of the 
thousands comprising the woodworking industry have at least 
one technical man on their staff, the bulk of them are dependent 
upon outside advices or, as is done largely, accept what is brought 
to them without studying any of the technical phases of the 
material. Some of these technically uneducated commercial 
units comprise a very large market for plywoods of various sorts, 
but because of the lack of any definite basis to purchase on and 
because of insufficient study of their plywood requirements they 
have selected materials with which they have had unfortunate 
experiences. Such experiences have weakened their faith, and 
even though its superior appearance value stimulates trade, the 
manufacturer of the product finds the replacement of plywood 
parts so heavy that he hesitates to use it in his goods. 

It is not unreasonable to expect that eventually research and 
dissemination of the results will progress to the point where the 
large markets, both in the engineering and the commercial fields, 
can purchase on a detailed specification basis with a consideration 
of all factors of production and use involved. Already there are 
standards for the production of plywoods for the aircraft industry, 
and it is bought largely on a specification basis. It is true that 
the standards have been fostered by the Government, but most 
of the users of aircraft plywoods use the same standards. 

The engineering profession has indicated the possibilities of 
study in the plywood-producing industry and has made great 
strides in analyzing the engineering characteristics and possi- 
bilities of the material. The next step must be one of further 
study and a translation of the results into standards for both the 
technical and non-technical user. 

Many companies are forced to accept material brought to them 
without technical research and advice and without a thorough 
knowledge of whether that material is particularly suited to their 
uses. There are many instances where certain branches of the 
woodworking industry have selected plywoods because of their 
appearance value and because their trade demands the appear- 
ance value a plywood assures, and have had very unfortunate 
experiences with it and have been forced to use less of it or to 
cease using it entirely, even in the face of a large demand for that 
particular product. 

Plywood is being purchased for specific purposes and from, I 
might say, specific units in the plywood-producing industries 
on a specification basis. It is not unreasonable to assume that, 
later, plywood can be engineered or that standards can be set up 
so that any industry can buy the plywood for a particular pur- 
pose on the specification basis. This to me is the outstanding 
feature of the paper. An engineering knowledge of plywoods has 

6 Alaska Refrigerator Co, Muskegon, Mich. 
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been established and that it should be further developed is neces- 
sary so that it will be possible to buy on the specification basis. 

In the refrigerator industry there has been a large call for ply- 
wood doors because of the smooth appearance that it gives to 
the refrigerator. One factory used perhaps two cars of plywood 
last year, and the replacement was about 10 per cent. This is 
not an unsolvable problem, but the company has been forced to 
discontinue the use of plywood entirely because the plywood they 
had been using had not been properly specified, because they 
were without technical advice in their own industry, and because 
the plywood producers were unable to give them that technical 
advice. 


C. 8. Wetcu.’? A discussion of plywood which would be im- 
pervious to atmospheric changes, possibly through impregnation, 
would be of very great interest, and I am of the belief that very 
little has been done along this line in the manufacture of plywood. 

The author stresses the point that very little has been done in 
substituting plywood for solid wood in most of our manufacturing 
for engineering purposes. This is entirely true, and the next 
few years will bring forth uses of plywood in cases where now no 
thought has been given to this possibility. 


Raven K. MERRILL.’ In his description of the uses of ply- 
wood, the author gives a number of the properties of plywood 
when used in building stateroom partitions on board ship. He 
makes the statement that the resistance to the transmission of 
sound is greater than solid wood or metal. Are we to take that as 
meaning that it is less likely to absorb sound or to reverberate, 
i.e., to reflect sound? 

Furthermore, some definition of the terms “‘plywood” and 
“veneered” panels should come out of this meeting. It should 
be clearly stated where one leaves off and the other begins, if it 
does begin at all; whether we are to consider that the panel made 
up of a very thick core, such as Mr. Norris has referred to, and 
covered with a thin sheet of wood, is to be known as a veneered 
panel or a plywood panel and whether such panels are now good 
practice in the furniture trade or any other. 

Undoubtedly, the three-ply with a very thick core makes a 
panel which is in itself very superior to solid wood, regardless of 
what the wood may be, in its resistance to warping, checking, 
swelling, and so on. 

I have noticed that on the edge of a piece of seven-ply plywood, 
say '3/,, in. thick, the plies are quite visible, and the wider the 
panel, the more visible they become. Is this a characteristic of 
plywood or is it due to extreme haste in manufacture, indicating 
the lack of drying the center plies in the present type of plate 
dryer, or is it because it was sanded and finished too soon after 
it was glued? 


D. J. McLaveuurn.’ I was a little disappointed that the 
author had nothing to say about the preparation of cross-banding 
and veneer for laying and the redrying of the cores before laying 
finished veneer. Mr. Norris has said that the five-ply and seven- 
ply are sometimes built up in one operation. On the other hand, 
on a large table-top construction, it has been our practice to 
build the plies separately, redrying after each gluing operation, 
to guarantee a minimum of shrinkage in the finished work. My 
suggestion would be that at some future date we have a paper on 
drying and redrying which is so important a part of properly 
building plywood. 


The Brunswick-Balke-C'o lender Co., Muskegon, Mich. 

§ Industrial Mechanical Enuineer, American Seating Co., Grand 
Rapids, Mich. Mem. A.S.M.E. 

* Superintendent Wood Division, Yawman-Erbe Mfg. Co. Assoc- 
Mem. A.S.M.E. 


Mr. Norris. In speaking about gluing five- and seven-ply 
panels in one operation, I should explain that the panels were in- 
tended for structural purposes and not for furniture. It was not 
necessary that they be good looking. In regard to the terms 
“plywood” and ‘“‘veneer,’”’ during the war or shortly afterward 
the Forest Products Laboratory, which is a Federal Government 
institution, decided to call all panels built up of veneer “plywood” 
and to call the different layers themselves ‘‘veneer.”’ 


D. OLANDER.” In regard to moisture-proofing wood we have 
tried out a process, and in the case of one species of wood it was 
apparently possible to reduce swelling practically completely. 
In general the reduction amounted to 50 per cent or more. 

I believe the possibilities are very good, providing sapwood is 
used and also with the heartwood of certain species. It is a pre 
servative process and seems largely a question of getting enoug) 
of the preservative into the wood. We tried some Sitka spruc 
which had been treated and found that at a relative humidity o/ 
SS per cent which was maintained for several weeks there was no 
indication of swelling so far as we could measure. 


O. M. Dunron."! In line with Mr. Merrill’s remarks as to 
the expansion of plywood due to the internal stresses, and als. 
in line with Mr. Welch's first paragraph, I recall an article on 
plywood which told of a study which was being made on closing 
the pores and making it impervious to moisture. This process is 
the impregnation of plywood with chemicals which will make 1 
impervious to moisture. I am wondering what success has been 
made along that line, if any. 


WituraM Braiw Wuire.'? A word was said about sound trans- 
mission through solid woods as compared with the same process 
through plywoods, and again with reference to the general ques- 
tion of reflection or absorption. In the first place, very little 
work has been done on the subject. 

Secondly, if transmission through a piece of wood is meant, then 
it follows that the more the plywood is built up or the more plies 
there are in the plywood, the less transmission there will |» 
through them, so that transmission in the case of plywood would 
be very small indeed, probably negligible as compared with met:!. 

Thirdly, reflection of sound, other things being equal, becomes 
solely a question of the surface hardness. If, therefore, the outer 
ply of a piece of plywood is of the same species as the solid wood, 
other things being equal, their reflective qualities will be the same. 
The height of the index will depend entirely upon the surface 
hardness. That also will apply to metal. Other things being 
equal, a sheet of steel, for instance, will have a higher reflective 
index. 

On the other hand, reversing the effects, a parallel result wi! 
be found with regard to absorption. If it is desired to absor) 
sound, other things being equal, more will be absorbed from any 
known wood, except possibly one or two of the extremely hard 
woods, than from steel. 


AvuTHOR's CLOSURE 


Mr. Merrill raises the question of the sound-resistant qualities 
of plywood compared with metal or other wood. .I think, com- 
pared with metal, plywood will not transmit sound as will metal. 
Neither will plywood transmit sound as well as solid wood. Mr. 
White has covered this in his discussion. 

On the question of the proper use of the terms ‘‘veneer’’ and 
“plywood,” I believe the term “‘veneer’’ should be applied to thin 


Baldwin Company, Cincinnati, Ohio. 

1! American Seating Company, Grand Rapids, Mich. 

1? Consulting Acoustic Engineer, American Steel & Wire 
Chicago, Ill. Mem. A.S.M.E. 


( 


4 
4 
* 
i 
é 


WOOD INDUSTRIES 


single sheets and that as an adjective the word ‘“veneered’’ is 
misleading. Plywood is made up of sheets of veneer. If this 
phraseology is used, much confusion will be avoided. 

With regard to the value of three- or five-ply plywood, there 
is no question that five-ply is better than three-ply, but it is also 
more expensive. I think that the value of three- or four-ply in 
certain products rests largely on an economic base. 

Many attempts at impregnation of plywood have been made, 
but in every instance that I know of impregnation has added so 
much weight that it has largely eliminated the strength-for- 
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weight advantage. That is, anything that fills the pores of the 
wood and renders it impervious to moisture adds so greatly to 
the weight as to throw plywood out of its particular function. 
There are quite a number of such processes. 

There are some other developments in certain research channels 
looking toward gaseous impregnation of woods, with a later lique- 
faction or solidification of those gases in the pores of the wood 
by another gas, a much lighter impregnation than is possible by 
the liquid processes. The process is in the laboratory stage now, 
and no one can predict what will come of it. 


\ 
- 
Mg 
t 
eet 
; 
j 
Ned 


= 
- 
5 
Fa 
| 
be 
| 


WDI-50-14 


Efficiency Methods and Standards in German 
Woodworking Industries 


A Brief Description of Work Being Carried on in Germany for the Purpose of Attaining 
Higher Efficiency in Woodworking 


By ROBERT SCHLUETER,' GERMANY 


explain the necessity of obtaining greater engineering effi- 

ciency in industries, no matter where located, in the United 
States, in Germany, or elsewhere. It has been the engineer 
who has originated research and technical supervision in the 
industrial field, with the aim of obtaining better quality, lower 
costs, and greater safety. 


7 ADDRESSING mechanical engineers there is no need to 


In 1921 the Verband Technisch-wissenschaftlicher Vereine 
(The Association of Technical and Scientific Societies) in co- 
operation with the German Government’s Department of Eco- 
nomics, started the Reichskuratorium fiir Wirtschaftlichkeit 
(German National Committee for Promoting Industrial, Commer- 


The RKW works through its Ausschtisse (committees) which 
operate in direct connection with the different groups in in- 
dustries, commerce, and agriculture. 

Fig. 1 gives an idea of the organization of the RKW. But 
it must be understood that this sketch shows a very small part 
of the committee’s activities, just enough to illustrate its relation 
to the woodworking field. 

It goes without saying that none of these sub-committees 
works for itself, but all interchange their results among them- 
selves and with the committees representing other lines, as, 
e.g., the committees on technical teaching, organization, tex 
tiles, forging, welding, ete. 


Normenausschuss 


tigung 


Reichskuratorium fiir Wirt- 
schaftlichkeit 

(German National Committee ungen 
for Promoting Industrial, 
Commercial and Agricultural 
Efficiency) 


lung 


(Committee on 
terials) 


(Committee on Standards) 
tschaftliche Fer- — Unterausschuss fiir  wirtschaft- 


—Ausschuss fiir wir 


(Committee on 
Manufacturing) 


—Ausschuss fiir Lieferungsbeding- Unterausschuss fiir Lieferungs- 


(Committee on Specifications) 


—Ausschuss fiir Arbeitszeitermitt- Unterausschuss fiir Arbeitszeiter- 


(Committee on Time Studies) 


— Ausschuss fiir Férderwesen 


— Unterausschuss fiir Normung 
in der Holzindustrie 
(Sub-Committee on Standards 
in the Wood Industries) 


liche Fertigung in der Holzin- 
dustrie 

(Sub-Committee on Economical 
Manufacturing in the Wood 
Industries) 


Economical 


bedingungen in der Holzindus- 
trie 

(Sub-Committee on Specifica- 
tions in the Wood Industries) 


mittlung in der Holzindustrie 
(Sub-Committee on Time Studies 
in the Wood Industries) 


— Unterausschuss fiir Férderwesen 
in der Holzindustrie 
(Sub-Committee on Handling 
Materials in the Wood Indus- 
tries) 


Handling Ma- 


Fic. 1 ORGANIZATION OF THE RKW (GerMANn NATIONAL 


COMMITTEE FOR PROMOTING INDUSTRIAL, COMMERCIAL, 


AND AGRICULTURAL EFFICIENCY) 


cial and Agricultural Efficiency), generally called the “RKW.” 
This association works under the auspices of the German Govern- 
ment, but is entirely controlled and managed by the industries 
themselves through committees made up of experts in the various 
above-mentioned industries. The government provides the 
expenses of management. The cost of research is usually 
contributed by the industry concerned, either in cash or by 
sending engineers and other experts to the different meetings 
and conventions of the RKW. 


_' Diplom-Ingenieur, Member of the German Committee on 
Economical Manufacturing in the Wood Industries. 

Presented at the Third National Meeting of the A.S.M.E. Wood 
Industries Division, Grand Rapids, Mich., November 26 and 27, 
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The best way to explain the work done by the sub-committees 
will be by means of some examples. 

The Unterausschuss fiir Normung in der Holzindustrie 
(Sub-Committee on Standards in Wood Industries), together 
with the Verband deutscher Holzbearbeitungsmaschinen-Fabri- 
ken (Association of the Manufacturers of Woodworking Ma- 
chinery), works on standards for interchangeable parts of wood- 
working machinery, having first revised all the published stand- 
ards for machinery in the other industries with respect to their 
application to the woodworking field. 

Fig. 2 shows the adopted standard for cap nuts for the spindles 
of shapers. No matter what kind of shaper one buys, these cap 
nuts will always be the same and interchangeable. The engineer, 
the man out in the field, will understand what a big advantage 
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this is. The figure shows just 
one out of numerous standard- Rete: Untersuchungen an Kreissagenblattern. 
ized parts of shapers. These 
standards are published and Zweck des Vereuches: 
copyrighted by the Deutecher Aufgenommen am ___ 192___ von ____h bis h. Beobachter: — 
Normenausschuss (German — 
Committee on Standards), and 
printed by the Beuth-Verlag, Art 
The  Unterausschuss fiir 
wirtschaftliche Fertigung in der Schiff: Lange | Starke m 
Holzindustrie (Sub-Committee — | Umer Motor n. Umdr. Motor Keilwinkel a Biatt-2 Gute der Schnittflache 
in the Wood Industries), be- 
(the right machine in the right Riemschsagew 4, Riemsch.Vorsch 4, Anechragwinkel Zahnezahl 2 
on saws and knives. Fig. 3 
Sagewellen-@ Tischmabe Schneidhitkt. Std. | Schnittbreite b 
is a reproduction of specifica- 
tions for research on circular Semerkungen; — 
saws, showing plainly how 
many different factors have to 
be considered to get real prac- 
tical results. The necessary Fig. 3) SpeciFIcATIONS FoR RESEARCH ON CIRCULAR Saws 
be: Deutsche _Normen experiments are then made in various factories. The sub-commit- 
. Frasmaschinen BIN tee gathers, coordinates, and classifies the data of the experiments, 
Sa a VDH 3 sometimes being assisted in this work by the universities and 7 ch- 
. nischen Hochschulen (technical colleges). The results are then 
ere printed and distributed to all interested parties. These data 
do not relieve woodworking engineers from the necessity of 
j doing their own research work. Rather, they supply bases 
z from which to start. On the other hand, as is generally known, 
f if one should ask five different foremen concerning the best 
e shape of tooth for a certain kind of wood with a given moisture 
ise . content, he would get at least six different answers, probably 
| Fa all of them more or less erroneous. 
2 Another task of this committee is to settle the terminology, 
i i.e., coin names for different methods and materials which can 
{ be universally understood. This very delicate work is much 
| appreciated by those who have to write about woodworking 
: Ghesmusheutnes 00-Gteter —. and have to address an audience scattered all over the country. 
The Unterausschuss fiir Lieferungsbedingungen in der Holz- 
i Spinderewinde | Gecnde | t | Far Spindetkopt industrie (Sub-Committee on Specifications for Raw Materials 
W 39x16" Ri” mSp |65|40| 5 40 VDH 2 in the Wood Industries) is publishing, e.g., Lieferungsbeding- 
_W m Sp | 80/50] 6 | 80 und 60 vOH 2 ungen fiir Haut-, Leder-, Knochen- und Mischleim (Specifica- 
Gewinde: Whitworth-Feingewinde 2 nach DIN 240 tions for Animal Glues), and is preparing specifications on soft 
Whitworth-R mit S jel nach DIN 260 
Werkstoff: St 60.11 and hard woods. 
Spindelkopte an f siehe DIN VOH 2 Der Unterausschuss fiir Arbeitszeitermittlung in der Holz- 
Messerdorne siehe DIN VOH 6 industrie (Sub-Committee on Time Studies in the Wood In- 
dustries) is making time studies on woodworking machinery 
and methods, thus supplying data for the precalculation of, say, 
{ a certain piece of furniture, the proper piece-work rate to employ, 
ete. 
Fig. 4, which has been taken from Dr. Oswald Beck's Die 
Stiickzeitberechnung fir Holzbearbeitungsmaschinen (Time Studies 
on Woodworking Machinery), published under the auspices of 
the Sub-Committee on Time Studies, gives a number of curves 
showing the actual time consumed in boring holes of various 
diameters in hard wood. Special diagrams have also been 
showing the time required in putting on and taking off wooden 
pieces of different sizes. 


The Unterausschuss fiir Foérderwesen in der Holzindustrie 
Fic. 2 German STANDARD For SpinpLE Cap Nuts or SHapers (Sub-Committee on Handling Materials in the Wood Industries) 
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is investigating methods for handling logs in the saw mill, lumber 
in the yards, ete. 

The results of the work of the RKW, with discussions of the 
various problems dealt with, are published monthly in the 
RKW-Nachrichten (RKW-News) and in the AWF-Nachrichten 
(AWF-News). Both journals may be obtained from the 
Nachrichtenstelle des Reichskuratoriums fiir Wirtschaftlichkeit, 
Berlin NW 6, Luisenstrasse 58. 

Woodworking is no longer the cut-and-fit art it used to be. 
The evolution of the wood industries into engineering arts 
proceeds steadily, and as a result there comes a demand for 
cooperation, not only between the different branches of the 
wood industries of one country but between the industries of 
different countries, as e.g., the United States and Germany. 
It is the desire of the German committees to get in touch with 
those in America who are traveling the same roads, and the author 
would be very glad if this paper might contribute toward initiat- 
ing such technical cooperation. 

This short description of an important movement in the 
industrial development of Europe owes its origin to the interest 
of P. H. Bilhuber, Secretary of the Wood Industries Division of 
The American Society of Mechanical Engineers. The author 
is indebted to William Braid White, Chairman of the Wood 
Industries Division, for kind assistance in preparing this 
paper. 


GLOSSARY OF GERMAN TECHNICAL TERMS USED IN 
WOODWORKING 


In order to render more intelligible Figs. 2, 3, and 4, the following 
glossary of German technical terms is appended: 


Abteilung. Department. Bemerkungen. Remarks. 

Anschragwinkel. Beveling angle. Beobachter. Observer. 

Art. Kind. Betriebsleiter. Superintendent. 

Auflockerungskoeffizient. Factor Bezeichnung. Designation. 
showing increase of volume of | Blattdurchmesser. Diameter of 
the sawdust. blade. 
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Blattstirke. Thickness of blade. Sdgewelle. Saw arbors. 
Feuchtigkeit. Moisture. Schlif. Kind of grinding. 
Firma. Firm. Schnittwinkel. Cutting angle. 
Frasdorne. Mandrels. Schnittgeschwindigkeit. Cutting 
Frdsmaschinen. Shapers. speed. 
Freiwinkel. Clearance angle. Schnittbreite. Saw kerf. 
Giite der Schnittflache. Quality Schréinkung. Width of set. 

of surface of saw cut. Spanwinkel. Hook of tooth. 
Gewinde. Thread. Spindelgewinde. Thread of the 
Hakenschliissel. Hook spanner. spindle. 
Hartholz. Hardwood. Spindelkopf. Spindle head. 
Holzangaben. Wood specifica- Spiralbohrer. Twist drill. 

tions. Stirke. Thickness. 
Holzbearbeitungsmaschine. Wood- Teilung. Pitch. 

working machine. Tischmasse. Measurements of 


Keilwinkel. Angle of tooth point. table. 
Kreissdgeblatt. Circular-saw tin min. (Fig. 4). Drilling time 
blade. in minutes. 


Linge. Length. Uberstand der Sage. Projection 
L in mm (Fig. 4). Depth of of saw blade above board being 
hole in millimeters. cut. 
Lochbohren. Drilling. Uberwurfmutter. Cap nut. 
Liickenfliche. Tooth space. Untersuchungen. Researches. 
Maschinenangaben. Machine Umdrehungen des Motors. Revo- 
specifications. lutions of the motor. 
Maschinenzeiten. Cutting times. Umdrehungen der Sdgewelle. 
Marzimale Schnitthéhe. Thickest Revolutions of the arbor. 
board to be cut. Umdrehungen der Vorschubwal- 


Marimale Schnittbreite. Widest zen. Revolutions of feed rol- 
board to be cut. lers. 
Messerdorn. Mandrel. Versuch. Experiment. 


Photo. Photograph. Vorschub. Feeding speed. 
Riemenscheibe, Motor. Pulley of | Werkzeugangaben. Specifications 
motor. of tools. 
Riemenscheibe, Sagewelle. Pulley Zahnhéhe. Height of tooth. 
of saw arbor. Zéahnezahl. Number of teeth. 
Riemenscheibe, Vorschub. Pul- Zweck. Purpose. 
ley of feeder. 


Discussion 


Pau H. Bitavser.? It may be of interest to explain how this 
paper came to be written. One of the research projects of the 
Wood Industries Division has to do with standards for saws and 
knives. The committee organized to carry on that work has 
been busy on this large and comprehensive subject. It will 
submit a progress report at this meeting. In connection with this 
work, it seemed desirable to get information on the subject from 
other countries. The opportunity came last summer when a 
German engineer visited this country. He was identified with 
the governmental bureau which was to set up in Germany an 
organization to deal with questions of this sort. This engineer 
was Mr. Robert Schlueter, and he consented to write this paper, 
giving a brief outline of some of the work in Germany. 

The paper will repay careful study because it is an example of 
work already done and work that will take some years to com- 
plete. A competent staff of experts is working on this project, 
but the very important and vital element which supports it is the 
German Government. The Germans are particularly interested 
in work of this nature because it is realized in Germany that the 
woodworking-machinery industry, in so far as design, output of 
machines, construction, electrification, and high rates of speed 
and feed are concerned, has as a result of the war lagged behind 
the progress made in other countries, notably our own and 
Sweden. With their accustomed thoroughness, the Germans are 
going hard after it, and they want to beat us if they can. 


M. D. Batpwin.* It may be postulated that any problem of 
standardization is attractive to the engineer. The engineer 


2 Assistant Factory Manager, Steinway & Sons, Long Island City, 
N. Y. Assoc. A.S.M.E. 

3 Vice-President, Oliver Machinery Company, Grand Rapids, 
Mich. 
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specializing in the application of his profession to the economical 
working of woods is no exception. The author states that in 
Germany sub-committees for the woodworking-machinery in- 
dustry operate under general committees, in turn under the 
German national committee, for promoting industrial, commer- 
cial, and agricultural efficiency, and that these sub-committees 
are functioning today toward standardizing certain interchange- 
able parts of woodworking machinery, and that these committees 
are planning very extensive additional items for interchangeable 
manufacture. It is to this part of the report that the following 
remarks are directed. 

It is not believed that any exception will be taken by any one 
on the efforts for research affecting cutting possibilities of saws, 
knives, boring bits, and the like. 

In Germany, as in Great Britain and Europe generally, the 
development of woodworking machinery has followed quite differ- 
ent channels from the development here in America. In Europe 
materials are conserved while labor is cheap. In America ma- 
terials are cheap and labor is high. Developing naturally along 
economical lines, under the circumstances, America has de- 
veloped heavy-production and single-purpose machinery, whereas 
the European practice has evolved general-purpose equipment 
covering a multitude of uses. 

The shaper in America has a function too well known to warrant 
description. The shaper in Europe, however, not only performs 
as a shaper as we know a shaper, but it is also equipped with 
sundry appliances making it a molder, a router, a tenoner, a 
flooring matcher, and what not. Again the hand jointer is as 
likely as not to be found in combination with a surfacer or thick- 
nessing machine and so it goes. 

It is difficult to see how the practice of standardizing particular 
parts within the woodworking-machinery industry, other than 
saws and knives, will confer a benefit commensurate with the 
effort of standardization. 

A project which may be readily possible in a country of rela- 
tively small geographic size like Germany may be difficult of 
accomplishment in this large country of ours. In the United 
States where a machine purchased last November may be in the 
scrap heap tomorrow, due to the advances in the manufacturing 
art, such standards become limitations to efficiency as we under- 
stand the word. 

In other words, the best thing for the purpose at hand is the 
American practice, rather than a compromise made in the inter- 
est of a theoretical advantage of interchangeability throughout 
the nation. 

Finally, the engineer in the woodworking practice in this 
country is keenly favorable to research, the object of which is 
increased output, safety and convenience to the operator, quality, 
accuracy, and interchangeability of product, but he is little con- 
cerned with the infinitesimal returns to the industry theoretically 
brought about by standardization of machinery parts. 


J.D. Watuace.* It requires no discussion in American engi- 
neering circles to prove that facts are more valuable than guesses 
in any industry. The progress made by Germany in industrial 
research is known to all, and the outline submitted by the author 
reveals an interesting alinement of his Government with tech- 
nical organizations and industrial concerns which explains the 
widespread success of such enterprises in Germany. 


* President, J. B. Wallace & Co., Chicago, Ill. Mem. A.S.M.E. 


The shortcomings of the United States along these lines are 
equally well known to us. In this country manufacturers cannot 
carry out a program such as outlined by the author, because our 
laws probably make the procedure illegal. It is a well-known 
fact that only the unofficial interposition of the Department ot 
Commerce by Herbert Hoover has made possible the standardiza- 
tion enterprises which have recently been conducted in coopera 
tion with various trade associations. 

The present condition of each nation calls for neither excessive 
praise nor excessive recriminations; each proceeds on the plan 
dictated by its own requirements and economic position. Here in 
America we are highly individualistic and by temperament ar 
skeptical of laborious research which our rapidly changing con- 
ditions may render obsolete before it is available for use. 

There is need in Germany as well as here for original researc! 
as a basis for standardization; too frequently exhaustive tests 
are predicated on empiric figures which are anything but accurat: 
In the woodworking industries, as an example, no authoritative 
facts are known about the fundamental characteristics of wood 
sufficient for a proper starting point in the problem of its fabrics 
tion into useful commodities. 

Woodworking is an old industry; so old that many of its proc- 
esses have been handed down from grandfather to father and to 
son; and habits acquired before the age of scientific inquiry are 
hard to root out. Woodworking operations lend themselves 
easily to small-scale production, bringing into the industry 
numerous concerns too small to pay for expensive research. The 
material used is irregular in structure and lacks uniformity under 
various conditions of age and climate. 

For these and other reasons the facilities of most research 
bodies in this country are taxed in the pressing business of s:cur- 
ing highly specialized information that is only indirectly of funda- 
mental value. 

Despite the absence of a sound theoretical basis on which to 
work, American woodworking industries blunder through to suc- 
cessful results that are in nowise inferior to German achievements 
We start out with the acknowledged advantage that in business 
a “‘doer”’ generally accomplishes a great deal more than a thinker. 
We prove the truth of the statement of our great philosopher Will 
Rogers that “one man digging is better than one hundred com- 
mittees sitting.” 

The attention of our woodworking interests are today centered 
on the greater possibilities of saving by mass production and a 
wider extension of market. One thousand dollars spent for ad- 
vertising or improved equipment will bring more profit than the 
same amount of money spent in research under present condi- 
tions, and it is likely this condition will continue until our eco- 
nomic situation changes greatly. 

The author rightly says, “Woodworking is no longer the cut 
and fit art that it used to be.” We could well afford to exchange 
with Germany some of the individualistic products of our genius 
for the stabilizing results of their profound research. To effect 
this exchange we have need of some agency to provide authorita- 
tive translations, because at the present time the subject matter 
of German publications is practically unavailable to the ordinary 
American manufacturer. 

The Wood Industries Division could perform a valuable service 
by formally accepting the invitation of the author to cooperate, 
to make frequent translations of the material specified in his 
paper, and to distribute it generally among engineers of this 
country. 
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Automatic Production of Small Wood Parts 


By I. B. WHINERY'! anv G. A. WHINERY,? GRAND RAPIDS, MICH. 


The authors point out that more attention has been given to the de- 
sign of hand-fed and manually controlled general-purpose ma- 
chinery for woodworking than to the building of automatic machines. 
Among other reasons it is shown that the set-up time is generally 
long as compared with the working time because of the rapidity with 
which wood can be worked. 

As examples of automatic woodworking machines the authors de- 
scribe three: (1) A knob-tapping machine, chosen to show how pro- 
duction may be increased by performing a single operation more 
rapidly than the best operator could do it by hand; (2) a square- 
knob blanking machine to illustrate the combination of several dis- 
tinct operations in one mechanism; (3) a rosette machine as an 
example of one the primary purpose of which is to achieve quality 
without sacrificing speed. 

The economic principles involved in the use of automatic wood- 
working machinery are discussed in the remainder of the paper. 


machine builders have given much more attention to the 

design of hand-fed and manually controlled general-pur- 
pose machinery than to the building of automatic machines. 
In general, metal-working machinery builders have found many 
more applications for the automatic principle than have builders 
of machines to work in wood. 

One reason for this is the relatively small number of wood parts 
required to be manufactured. With the exception of matches 
and toothpicks, which are not, strictly speaking, wood parts, 
there is no article made of wood the production of which ap- 
proaches in quantity that of such items as screws, bolts, nuts, 
nails, and a number of other metal parts which might be enu- 
merated. 

Another contributing factor to this situation is the fact that 
even by means of unspecialized machinery, operated manually, 
wood parts can be produced relatively rapidly. With so ele- 
mentary a machine as an ordinary hand turning lathe, simple 
wooden turnings can often be produced more rapidly than the 
same shapes could be turned out of metal in an automatic metal- 
working lathe. Due to this, it is more difficult to save enough 
time with an automatic woodworking machine to make it a 
good investment than in the case of a machine for working in metal. 

A corollary to the rapidity with which wood may be shaped on 
simple machines is the relatively long period required to set up 
an automatic wood-turning machine in comparison with its 
running time. Unless a considerable number of parts can be 
run at one set-up, it often takes less time to produce the parts 
on general-purpose woodworking machinery than to set up an 
automatic machine. 

However, it must not be concluded that the automatic field 
has been entirely neglected by the machine builders. There are 
standard machines on the market for the production of such 
turnings as dowels, insulator pins, clothes pins, spools, and bob- 
bins. Wedges are now made by means of automatic machin- 
ery, and a number of machine manufacturers build automatic 
feeding mechanisms which can be incorporated in shapers and 
other woodworking machines, lending themselves readily to the 
production of small wood parts. 


| YOR a number of very apparent reasons, woodworking 


f Manager, Waddell Manufacturing Co. Assoc-Mem. A.S.M.E. 
* Superintendent, Waddell Manufacturing Co. Jun. A.S.M.E. 
Presented at the Third National Meeting of the A.S.M.E. Wood 


industiles Division, Grand Rapids, Mich., November 26 and 27, 


17 


The basis of the material to be presented in this paper is a 
group of automatic machines which have been developed for the 
manufacture of wood ornaments for furniture. They are inter- 
esting because there are a number of factors to be considered 
in connection with machinery of this type which do not exist 
in the better-known types of automatic machines, such as auto- 
matic turning machines of various kinds. 

The machines which have been selected for discussion in.this 
paper are taken as typical machines; that is, they illustrate 
principles which apply to automatic woodworking machinery as 
a whole. A knob-tapping machine has been chosen to show how 
production may be increased by performing a single operation 


Fic. 1 Knos-Tappinc MAcHINE 


more rapidly than the best operator could do by hand; a square- 
knob blanking machine illustrates the combination of several 
distinct operations in one mechanism; and a rosette machine is 
an example of a machine the primary purpose of which is to 
achieve quality without sacrificing speed. 


Knos-TApPpING MACHINE 


An example of an automatic machine which performs only 
one operation, but does that one much more rapidly than could 
be done by hand methods, is the knob-tapping machine illus- 
trated in Fig. 1. Fig. 2 illustrates the operation this machine 
performs. Round knobs are furnished to the machine with the 
screw-holes bored, but not tapped. The operator places them 
in holes which are spaced around a horizontal disk and which are 
just large enough to allow the knobs to drop in easily, with the 
hole up. A cam operates a finger which indexes the disk so that 
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each hole stops directly underneath a vertical tap. The spindle 
on which this tap is located rotates and moves up and down at 
the same time, the mechanism being so arranged that during 
the descending stroke the tap tends to screw into the knob 
and during the rising stroke the tap revolves in the opposite 
direction. The speed with which the tap moves up and down 
is regulated according to the lead of the tap. 

When the machine is in operation, the attendant places the 
untapped knobs in the holes in the disk as they come past his 
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Fig. 3) iN MAKING SQUARE-KNoB BLANK 


side of the machine. The machine indexes the disk around, one 
hole at a time, bringing each knob directly underneath the tap 
and holding it there until the tapping operation is completed. 
As each knob stops to be tapped, a jaw swings against it from one 
side, clamping it to prevent its turning with the tap. A little 
further on in the circle is a hole underneath the disk through 
which the tapped knobs drop into a receptacle. A pushing 
rod fastened to the spindle frame and moving up and down with 
it pushes out of the disk any completed knobs which may fail to 
drop out of their own accord. 

This machine is relatively simple in its construction, but it 
performs the tapping operations at least twice as rapidly as 
could be done by hand. Instead of having to perform a number 
of movements, the operator is relieved of all motions except 
placing the untapped knobs bottom side up in a hole in a plate. 


SquaRE-KNos MACHINE 


The next type of automatic machine to be discussed is one in 
which several operations are performed by one machine. An 
example of this is a machine for cutting sticks into square blocks, 
each having a bored and tapped hole part way through its center. 
Blocks of this kind are used as blanks for square knobs, such as 
are used on mission furniture, and the process is illustrated in 
Fig. 3. The machine for doing the work is shown in Fig. 4. 

Stock coming to the machine is in the form of sticks planed 
on both sides and ripped to uniform width. The operator 
starts a stick through the machine on edge, that is, with the 
planed sides vertical, after which the piece is carried through 
the machine by means of the feed mechanism. 

Three tools are mounted on a carriage which oscillates at right 
angles to the direction of the stick, a drill, a tap, and a circular 
saw, all in line. The feed first pushes the stock so that the 
end is opposite the drill and remains motionless while the car- 
riage moves in and the drill bores the hole. After the carriage 
has moved back from the work, the stock is indexed auto- 


matically, bringing the hole which has just been bored opposite 
the tap and presenting a new section to the drill. On the 
following inward movement of the carriage, the first hole is 
tapped, while a new one is bored. The last operation of the 
series consists of cutting off the block with the saw and dis- 
charging it into a receptacle underneath. Once the series of 
operations is started, it is automatic and continuous, a block 
being drilled, tapped, and cut off at each stroke of the carriage. 

On account of the tapping operation, the carriage must move 
in and out at a speed which will allow the tap to cut a clean 
thread and the tap must be reversed when it reaches the bottom 
of the hole. This is accomplished by feeding the carriage back 
and forth with a reversing screw mounted on the same shaft 
with the tap. Power is supplied from a countershaft by means 
of belts. 

It is conceivable that each of the operations performed by the 
machine just described might be done as rapidly by means of 
simple machines operated by hand. However, much greater 
production is possible per operator when the three tools are 
combined in one mechanism. 


MAcHINE 


Automatic machinery is often thought of merely as a means 
of speeding up production. However, it may sometimes be 
used primarily to turn out work of a higher quality than hand 


Fig. 4 Saquare-Knos MaAcuHINeE 


methods, although it should be mentioned that production is 
very likely to be increased incidentally. A machine the main 
purpose of which is to benefit quality is the rosette-cutting ma- 
chine. Its function is to cut a rosette in the face of a stick of 
lumber, a subsequent process releasing the rosette from the 
stick. The piece to be produced is shown in Fig. 5, and the 
machine in Fig. 6. 

The machine uses as a foundation a standard high-speed 
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shaper, which has been changed into a special-purpose machine 
by the addition of special attachments. The top of the spindle 
has been cut off and threaded to receive a chuck for holding 
rosette knives. The standard screw mechanism for raising and 
lowering the spindle has been removed and a cam and pedal have 
been mounted underneath. The pedal raises the spindle for 
purposes of trial during the set-up, whereas the cam gives it an 
oscillating movement during the production period. The ro- 
tating knives are thus raised and lowered through a hole in the 
table, over which is placed the stock to be cut. A shoe mounted 
above the hole presses the stock down tightly against the table 
while the knives cut the stock from below. 

Attached to the shaft operating the cam which raises and 
lowers the spindle, and timed with it, is another cam which 
controls the stock-clamping shoe just described. A feed mecha- 
nism is also operated from this same shaft by means of bevel 
gears and universal joints and indexes the stock forward between 
cuts. One stick is fed into the machine after another, the 
mechanism pushing them under the shoe, where they are clamped 
and cut as the spindle rises and are pushed along the diameter 
of the cut between strokes. The sticks are supplied to the ma- 
chine in random lengths and the operator has time not only to 
feed the machine, but to saw out knots and other imperfections in 
the lumber with a handsaw before starting the sticks through the 
machine, 

The outstanding feature of the rosette-cutting machine is the 
fact that the rise of the revolving knives into the wood is con- 
trolled mechanically and therefore accurately. The same oper- 
ations could be performed on a manually operated machine 
with about the same speed, but it would be practically impossible 
to find an operator who could make all the strokes in exactly 
the same way, neither burning the wood by pushing the revolving 
knives into it too slowly, nor tearing it out by too rapid a cut. 


Economic PRINCIPLES INVOLVED 


As stated before, the machines just described have been taken 
as types. They are not models of machine design nor of work- 
manship, having been built out of materials at hand by a factory 


Fic. 5 Cross-Section oF Roserres Cut in Stick 


millwright. However, they illustrate some of the principles 
involved in the design of automatic woodworking machinery as 
well as the fact that standard machines may be converted into 
single-purpose automatic machines by the addition of special 
attachments. 

The rosette-cutting machine is built to meet requirements 
which do not usually have to be met by the standard automatic 
machines generally shown in manufacturers’ catalogs. It must 
be able to do satisfactory work with all the ordinary kinds of 
cabinet woods, regardless of grain and texture. Clothes pins, 
spools, dowels, and most of the small parts for which standard 
machinery is made can be manufactured out of any wood which 
happens to combine strength, cheapness, and workability. The 
rosette-cutting machine not only has a larger variety of materials 
to deal with, but must turn out a product which is much smoother 
in finish than articles of a more practical nature. 

Another factor present in the design of the machinery which 
has been deseribed is the relatively short duration of the pro- 
duction period after the machine has been set up. Ten or twelve 
hours on one pattern is a high figure and one or two hours per 
Set-up represents more nearly the average. For this reason, it is 
often necessary to sacrifice speed in production in the interests of 
rapid set-up. 
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In the opinion of the authors, there are a number of appli- 
cations for automatic machinery in the woodworking industries 
which have not been developed. However, they believe that 
most of these applications are so isolated that the solutions are 
special machines for special operations rather than attempts on 
the part of the machinery manufacturers to turn out vastly 
increased lines of standard automatic machines. The most 
logical manner, in which to develop an automatic machine is 


Fic. 6 MACHINE 


often found to be the application of special attachments to a 
standard machine. 

Unless a comparatively large number of special machines are 
to be built, the cost of special patterns and the machining of 
special castings in small lots is unduly expensive if it is possible 
to adopt a standard machine for the purpose at hand. 

When choosing the type of machine that will best perform a 
certain operation or group of operations, every method of work- 
ing in wood should be considered. For instance, a lathe is not 
necessarily the best machine for producing a turning. A modified 
shaper may be able to handle the work much more efficiently, as 
in the case of the rosette-cutting machine. Among the less 
common processes of working in wood that should be taken into 
consideration are embossing with hot dies and shearing with 
cold dies somewhat similar to those used on metal punch presses. 

After the type of machine has been decided upon, the machine 
designer must weigh ease of set-up against the number of pieces 
the machine is to produce per hour after production starts. Due 
to the rapidity with which wood may be worked, the set-up 
time problem assumes larger proportions than in the case of 
machinery for working harder materials. 

The rosette-cutting shaper just described may be compared 
with a type of machine which is sometimes used for the manu- 
facture of rosettes, consisting fundamentally of two cutting heads 
and a splitting saw. The heads are mounted opposite each 
other and oscillate back and forth on either side of the stock, 
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approaching and receding from each other so that they cut 
rosettes into both sides of a stick that is fed on edge between them. 
The stick then passes through the saw, which cuts out the center 
of the stock and allows the rosettes to drop out on both sides. 

A machine of this type is obviously theoretically capable of 
turning out more work per hour than the modified shaper, inas- 
much as two cuts are made per stroke instead of one. It is ex- 
cellently adapted for long runs at one set-up. 

In the case of shorter runs per set-up—for instance, one thou- 
sand or twenty-five hundred pieces of a pattern—the authors con- 
sider the simpler automatic machine to be preferable. When the 
running time per job is in the neighborhood of an hour, a differ- 
ence of ten or fifteen minutes in the set-up time is very important, 
and the time saved in setting up a simple machine may often 
overbalance the increased production of a more complicated 
mechanism. The authors do not wish to disparage complicated 
machines, but merely to point out that set-up time should be 
considered as well as production. 

Another factor to be considered in the design of automatic 
machinery is the quality of work to be produced. Increased 
production can often be achieved at the expense of quality. 
However, as a general principle, automatic machinery is more 
likely to turn out work of a high quality than hand methods. 
Mechanical feeds can be so designed as to move rapidly when 
no cutting is being done and to slow down at the proper instant 
to give a smooth finish. The manual skill of an experienced work- 
man may often be built into a machine whose operator is to be 
merely an unskilled attendant. 

In the consideration of automatic machinery, attention must 
be given to the economic side. The machine with the greatest 
capacity is not necessarily a good investment unless there is 
enough work at hand to keep it busy a large portion of the time. 
The cost of the machine must always be balanced against the 
savings it will make in labor, throw-outs, etc., and the possi- 
bility of not being able to keep the machine busy must be borne 
in mind. This self-evident condition is sometimes overlooked 
by enthusiastic machine designers and often by enthusiastic 
machinery salesmen. 

The spectacular characteristic of automatic machinery is its 
increased capacity over hand methods. As has been explained 
in this paper, increased capacity may be achieved either by 
performing one operation more times per minute or by perform- 
ing several operations at once, or by both methods. Even where 
the actual cutting operation cannot be speeded up, a mechanism 
can often be built to move the stock more rapidly between strokes 
and to avoid lost motions likely to oceur when hand feeds are 
used. 

Often when no attempt is made to turn out more work than 
could be produced by a good operator using hand methods, 
surprising increases in production may result from automatic 
methods. When the rosette-cutting shaper, described in this 
paper, was first put into operation, the feed mechanism was 
adjusted to give the same number of strokes per minute as were 
made by an experienced operator on a foot-pedal machine. 
To the surprise of every one, the output of the machine per day 
was found to be about twice that cf the older machine. An 
analysis of conditions revealed a number of reasons for this: 

In the first place, the automatic machine made the same 
number of strokes per minute at four-thirty in the afternoon 
as at seven-thirty in the morning. There was no human fatigue 
to contend with. Furthermore, not having to concentrate on 
mere mechanical movements of his arms and legs, the operator 
found time to inspect the stock as he fed it into the machine and 
to saw out defective parts, thereby reducing the number of throw- 
outs leaving the machine. A third reason for the increased 
output is the fact that the automatic machine produces more 


pieces per sharpening of the knives, and consequently there is 
less time lost in keeping the knives in shape. Due partly to the 
fact that the operator can cut out the knots from the stock 
before they reach the knives, and partly to the fact that the 
knives are always fed into the stock uniformly, they stand up 
appreciably longer on the automatic machine. The authors fee! 
that some increase in production is almost sure to result from a 
change from hand to automatic methods, even when it is not 
the primary consideration in making the change. 


Discussion 


Carro.u A. Ross.* We have built some automatic machines, 
and we find generally that in every operation there is one limiting 
operation. For instance, on the rosette-cutting machine the 
speed at which the knife can approach the work is probably 
the limiting factor. The rest of the operation—the moving of the 
stock, which is so very light that it can be moved with great 
rapidity—can be accomplished so that the cutting tool can ac- 
tually be cutting a large part of the time. 


Tuomas D. Perry.‘ Frank Gilbreth said to me some years 
ago, as he went through some of the factories in Grand Rapids, 
that he felt there was a tremendous need to apply automatic 
methods to repetitive woodworking operations. It was a field 
very greatly neglected, he felt. He was referring not only to the 
making of small parts by automatic machinery, but to the auto- 
matic feeds of various types that could be and some of which 
since have been applied to various woodworking-machine opera- 
tions. 


Monte B. GatumMan.’ Mr. Perry probably does not realize 
how much automatic machinery there is in this country. Many 
of the larger concerns maintain departments for the development 
of automatic machinery; other progressive concerns have these 
ideas developed by small machine shops over the country. The 
authors show three or four machines they have developed; 
Mr. Ross has developed others; Fisher Body Corporation has 
developed many automatic machines. These machines as a rule 
cover specific operations, not applicable for general use, but the 
total would reach a sizable figure. 

An automatic shaper has been designed that will do the work of 
two double-spindle shapers; it takes up less floor space than the 
two machines it replaces and takes the danger away from the 
operator and much of the hard work. 


Davip Turcorr.6 We have had some requests to build 
automatic machinery. Automatic machinery is undoubtedly 
coming, and we intend to follow the demand in developing i! 
So far, the demand has been only for special automatic tools for 
which there is a very limited market. The demand for automatic 
machinery will increase rapidly as soon as manufacturers of wood 
products are forced by competition to use it. 


M. Evererr Dick.’ We once built an automatic shaper tor 
making brush handles. It had six spindles with automatic 
feed and seven motors-—two to make the side of the handle, two 
spindles to make the inside curve, two to make the outside curve, 
and another motor for the feed. This is what we are up against 


5 Piqua Handle & Mfg. Co., Piqua, Ohio. Assoc. A.S.M.E. 

4 Director, Woodworking Division, Bigelow Kent Willard & (o., 
Inc., Boston, Mass. Mem. A.S.M.E. 

’ Manager, Plant 33, Machine Design, Fisher Body Corporation, 
Detroit, Mich. Mem. A.S.M.E. 

* Yates-American Machine Company, Beloit, Wise. Assoc-Mem. 
A.S.M.E. 

7 Buss Machine Works, Holland, Mich. 
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in the manufacturing of automatic machinery. What are the 
prospects of getting an order for a second machine? 

We have made a great many automatic machines successfully, 
and I am a believer in making woodworking machines as fully 
automatic as possible, removing the human element absolutely, 
because it is going to help to standardize the product. 

That machine for automatically making brush handles among 
other things eliminates many different styles of brush handles. 
With more automatic machines, fewer varieties will be made, 
but more of one particular design. 

Manufacturers of woodworking machinery want the users of 
it to explain their problems before the machine is bought so that 
the designing may be worked out together. 


M. D. Batpwin.* Those in the wood industry probably have 
a considerably exaggerated idea of the business and the import- 
ance financially of the machinery builders. Exclusive of the 
sawmill manufacturers there has not been a year since statistics 
have been available, and that covers a period since 1918, in which 
the manufacturers of woodworking machinery have done a gross 
volume of business exceeding $20,500,000, while the total yearly 
business of the wood industries is about $4,000,000,000. Thus 
it is evident that the manufacturers of woodworking machinery 
have little available capital and little interest in attacking these 
specialized problems of the woodworking industry. 

There are any number of factories working in wood which 
have an individual volume in excess of the total volume of the 
manufacturers of woodworking machinery. Consequently, we 
are able only to approach this building of special machines as 
agents of those who have foresight and are willing to attack 
problems and pay a return commensurate with the effort put on 
the first machine. 

I recall a machine built for the General Electric Company. 
They were willing to pay the expense necessary to develop a 
wedge cutter. Subsequently they ordered another. We are 
going to make money on the second machine. The General 
Electric Company will pay for the machine in four to six months 
from the savings it effects; the only profit we can make is what 
we may make out of the one or two machines that can be sold. 

The wood industries have a tremendous volume of business. 
The manufacturers of machinery do not turn over their capital 
invested more than one and a half times a year. This is an indi- 
cation of the amount of investment necessary to produce that 
$20,500,000. This is an angle which few have considered. 
| bring it up in no sense of complaint. We are proud of our 
position. We have helped the wood industries to make progress, 
and you in turn have given us money to live on. Nevertheless, 
it takes funds to develop new and special machines. We are 
willing and glad to do it. and some of the big firms have acted 
handsomely in helping out on these special problems. There 
are many smaller firms that need the same sort of automatic 
equipment, but that are not willing to carry on far enough to put 


it across. 


\RMEN Kurxgtan.? Nothing has ever been accomplished 
without the cooperation of the user and the manufacturer. It 
is the user who sees certain needs in his particular field and puts 
himself immediately in touch with the manufacturer who may 
assist him in the production of a machine to do that particular 
work. He soon finds that cooperation gets him very good results. 

\s a concrete example, Mr. Gathman came to Grand Rapids 


* Vice-President, Oliver Machinery Co., Grand Rapids, Mich. 
* Sales Manager, Oliver Machinery Co., Grand Rapids, Mich. 
\ssoc-Mem. A.S.M.E. 
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one day with some problems in his mind. He outlined certain 
things that they were doing and that should be changed; things 
that ought to be done automatically so as to save time. The 
result was that we developed a machine, now in operation, 
that with one man can do the work formerly done by four 
machines with one man each, or four men. That is a ratio of 
one to four in direct labor saving, and of course the floor space 
saving also is considerable. 

Mr. Baldwin mentioned the instance of the wedge-cutting 
machine for the General Electric Company. That again was the 
result of cooperation —of studying the problem and meeting the 
need. 

The automatic shaper that was developed was without a 
question the result of cooperation. The automatic rosette- 
cutting machine was the direct result of cooperation. 

Cooperation between the fabricators of wooden parts and the 
woodworking-machinery manufacturers will assist both 100 per 
cent, and the net result will be that the fabricators of wood will 
get the greater good out of it because the returns will be continu- 
ous to them. 

Many of the larger woodworking companies have their own 
experimental research department, which does evolve certain_ 
machines for their particular needs. What will take them 
about two years to design and to put in actual practice will prob- 
ably take not to exceed three months for the well-organized 
woodworking-machinery manufacturer who already has a corps 
of engineers well trained for such work. 


Avtuors’ CLOSURE 


The representatives of the machinery manufacturers who have 
discussed the paper confirm the opinion of the authors that the 
building of special automatic machinery is not a very profitable 
business for the machine builders. However, there seems to be 
a concensus of opinion that such machines may often be a very 
good investment for the user of the machine, and several of the 
machinery representatives have suggested that the users of ma- 
chinery should place such problems before them. 

While this procedure would undoubtedly accomplish much, 
still it might also be to the benefit of the machinery manufac- 
turers to devote some effort to educating users to the value of 
automatic machinery in general. In other words, since the user 
must ultimately bear the cost of developing special machinery, 
it might pay the machine manufacturer to make his customers 
see how much to their advantage such special machinery 
would be. 

It seems possible that the cost of special machinery might be 
reduced somewhat below the prices usually quoted by more 
often working out feed attachments, etc., rather than by building 
special equipment from the ground up. 

Furthermore, in view of the number of different electrical 
frequencies above 60 cycles now being used in connection with 
woodworking machinery, the cost of a frequency changer to be 
used with a special machine is often an item of considerable ex- 
pense. A number of different makes of routers are operated 
successfully on 60-cycle current, using belts or friction drives to 
obtain speeds as high as 20,000 r.p.m. Since a special machine 
is always rather high in first cost, anything that can be done to 
make it less expensive should encourage its development, and 
there are surely some occasions on which the frequency changer 
might be dispensed with for the sake of lower first cost. The 
savings made possible by the use of an automatic machine will 
usually justify its use even though its design is not as finished and 
its appearance not as trim as those of a standard general-purpose 
machine. 
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Obtaining the Maximum Fuel Value From 
Wood Waste 


Amount of Lumber Wasted in Average Woodworking Establishment—-Arrangement of Boiler 
Plant for Efficient Utilization of Wood as Fuel—lInstallations for Special Conditions— 
Avoidance of Gas Explosions in Furnaces and Shavings Pipes 
By E. WINHOLT,! MOLINE, ILL. 


waste from the time the lumber is out on the ground until 
it leaves the factory as a finished product. It would be 
hard to estimate just how large a percentage the waste is, but it 
may safely be assumed that not less than 50 per cent of the lumber 


:. THE lumber industry there is a considerable amount of 


is waste in one form or another. 

In the sawmill operations, where the logs are turned into di- 
mension lumber, the waste consists mainly of trimmings, ends, 
bark, and sawdust. All of these leave the sawmill and are gen- 
erally used for fill in low lands, except a very small percentage 
which is burned under the mill boilers in the form of sawdust. 

Sawmills are generally located far from any market where 
such waste could be sold, and as it contains a considerable 
amount of moisture, it would not pay toshipit. There is therefore 
not much that can be done in salvaging such waste. 

After the lumber has been shipped to the sawmills and the 
lumber yards either operated in connection with wholesale or 
retail business, or located and used for storage for manufacturing 
purposes of different kinds, there is again a large waste, but this 
time it is near a market and the lumber is in a far drier state than 
obtained at the sawmill. 


Waste OF LUMBER IN AVERAGE Facrory Apout 25 Per Cent 


In factories such as planing mills, woodworking establishments, 
or other enterprises where the lumber and rough stock are worked 
into the finished product, the waste amounts to not less than 
25 per cent of the total lumber. In these cases the sawdust, 
shavings, and often the trimmings and the mill wood are burned 
under the boilers to supply power for the industry, and some of 
their fuel value is obtained in this manner. Where more refuse 
is available than can be used in this way, it is sold in a general 
market to be used for kindling wood, mainly for household pur- 
poses. 

It may be stated in passing that a wagon factory manufac- 
turing a regular line of farm wagons found that for a finished 
wagon weighing 1200 Ib. there was produced from the lumber 
used for each wagon 240 lb. of shavings. This information was 
arrived at by two different methods: 

a Weighing the shavings delivered to the boiler room when 
factory was working on 100 wagons per day. 

b Checking the dimensions of each piece of lumber which was 
used in the manufacture of one wagon and again checking the 
dimensions of the finished part. 

It is evident that by utilizing the wood refuse in an efficient 
manner, a decrease in the cost of the fuel is effected and a corre- 
sponding amount of coal is left in the ground, in which way 
natural resources are conserved. Such wood should therefore 
so be burned that the greatest possible amount of heat is obtained 
lroma given quantity. This, however, is not the case. Gen- 
erally, it is considered that just because the wood refuse must 
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_ Presented at a meeting of the A.S.M.E. Wood Industries Divi- 
sion, Grand Rapids, Mich., November 26 and 27, 1928. For dis- 
cussion see page 33. 
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be disposed of and does not cost the factory anything, the ef- 
ficiency of its combustion is of no importance. 

However, there are today plants where planing mills and sash- 
and-door works are now supplying their entire requirements 
for heat, light, and power from sawdust and at the same time 
selling the mill wood and trimmings for domestic use. In such 
cases the installation for obtaining this result has proved an ex- 
cellent investment. What has been done in some of these 
factories can be accomplished in practically all of them, provided 
the management will take steps to have the installation brought 
up to date, and will utilize the best talent and mechanical equip- 
ment obtainable. 
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Fig. 1 150-Hpe. Hortzontan BorLerR ARRANGED 
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There are a large number of places where wood refuse is burned 
in an inefficient manner, and where coal has to be supplied in 
addition. Where such is the case, the coal is generally hand 
fired at the same time the shavings are admitted from shavings 
systems overhead, or possibly also fired by hand. There is no 
question that shavings mixed with coal screenings make a good 
fuel which burns readily, but sight is entirely lost of the fact that 
the furnace and the firing methods which contribute to high 
efficiency on the wood are not at all suitable for the burning of 
coal, and vice versa. 


ARRANGEMENT OF BorLerR PLANT FoR EFFICIENT UTILIZATION 
or Woop as FvEL 


It has been proved by actual tests that where more than one 
boiler is operated it is far more desirable to operate one or more 
of them on shavings, and should the amount of steam produced 
be insufficient, then to operate one or more on coal, thereby 
operating both of the two groups at maximum efficiency. . 

In burning any kind of fuel under a steam boiler, the purpose 
is to produce the largest amount of steam from a given quantity 
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of fuel. The ratio between the two is generally called the rate 
of evaporation, and’ may range from 1 to 5 lb. for shavings and 
from 4 to 9 lb. for coal. The more pounds of steam produced 
with a pound of fuel, the higher the efficiency. 

In a test carried out in a plant where for a long period of years 
both shavings and coal were burned together, it was found that 
less than 2 lb. of steam was produced per pound of shavings; 
whereas when the shavings were burned alone in boilers suitable 
for the purpose, approximately 5 lb. of steam was produced from 
1 lb. of dry shavings. This test indicated that for a long period 
of years a great waste had been taking place in the combustion 
of the wood and refuse, which had to be made up by the burning 
of coal in order to take care of the demand for steam. 

In arranging a steam boiler for the efficient utilization of wood 
as fuel, the prime requirement is furnace volume. A good ratio 
is one cubic foot of furnace volume for each developed horsepower. 
Or, in other words, if a 500-hp. boiler is installed and it is desired 
to obtain 1000 hp. from it, the furnace volume should be not less 
than 1000 cu. ft. 

It has often been stated that wood refuse such as shavings 
should be dropped by gravity on the grate, and that all the air 
required should be admitted through the grate. This, however, 
does not hold in the case of dry wood shavings or refuse, as here 
the proposition is mainly one of surface combustion. Only a 
very limited amount of grate surface is required, but air should 
be admitted over the fire either along with the shavings or sep- 
arately. 

The simplest method is to introduce the shavings through a 
spout from the cyclone leading through the front of the furnace 
wall, and to use a Dutch oven setting where a flat suspended 
brick arch is hung over the furnace and reflects the heat of com- 
bustion down upon the shavings in the furnace. Following this 


arrangement, the fine shavings are burned in suspension when 


Fic. 2 Front or 344-He. B. & W. Water-Tuse FoR 
BuRninG SHavines, ReFruse, Scrap Woop 


entering the hot furnace in a manner very similar to that 
employed in the combustion of pulverized coal. The shavings 
which do not burn in suspension are carried by the air and their 
momentum down on to the grate, where a small pile is formed 
which is burning around its edges and on the surface due to the 
air introduced with the shavings. 

While a fairly good draft is required to burn coal because of 
the thickness and density of the fuel bed, the opposite is the case 
with dry wood shavings. Under the conditions above stated, 
boilers operate very satisfactorily with drafts over the fire ranging 
from 0.05 to 0.20 in. The complete combustion takes place in 


the furnace and in the front tube section, and practically no com- 
bustible is carried over into the rear pass. 

A boiler operating in this manner may run for six to twelve 
months without cleaning out the ashes from the rear pass; where- 
as, when shavings were burned together with coal, the half- 
burned wood particles would fill the rear end of the boiler 
and the smokestack in a very short time. 

Wood refuse is a very desirable fuel when handled in the proper 
manner and is to be preferred in all cases over coal. It makes 
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250-Hp. Water-Tuse BorLter Resuitt Dutca Oven 
FOR BURNING SHAVINGS 
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a very hot fire and will start a boiler up from cold in a very short 
time; also, when operation is to be discontinued, the shavings 
in the boiler may be burned out in a few minutes and the boiler 
may be left safely until operation is again commenced. 

Besides wood shavings and refuse from the wood shops, there 
is a large amount of scrap wood, boxes, barrels, kegs, etc., to be 
disposed of in the average industrial establishment every day, 
and in place of loading all this on a wagon and hauling it to 
a convenient dumping place, it is good economy to burn it 
under boilers equipped for that purpose and for the burning 
of shavings. In spite of this, however, many industrial 
establishments maintain a continuous bonfire in their back 
yard and at the same time pay a high price for the fuel they burn 
under the boilers. 


INSTALLATIONS FOR SPECIAL CONDITIONS 


Fig. 1 shows a 72-in. X 18-ft. horizontal return-tubular boiler 
arranged for burning shavings from the shaving system and scrap 
wood by hand firing. The grate is a single herringbone-type bar 
44 in. long and the width of furnace at the grate line is 5 ft., thus 
making a total grate surface of 18 sq. ft. The distance from the 
grate to the shell of the boiler is 66 in. Between the rear end of 
the grate bar and the bridgewall! is a level ledge 2 ft. in length 
to provide for the accumulation of shavings and form a pile at 
all times covering the rear of the grates solid. This pile oi 
shavings acts as a heat-storage or heat-equalization medium 
The flow of the shavings is directed on to this storage arrangement. 
This boiler, which is rated at 150 hp. will without difficulty de- 
velop 200 hp. No spreading, raking, or other disturbance 0! 
the fuel bed is permissible. 

Fig. 2 shows the front of a 344-hp. B. & W. water-tube boiler. 
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The setting height, measuring from the floor line to the bottom 
of the front headers, is 8 ft. This boiler has no Dutch oven and 
only 44 in. length of grate bar, with a width of 6 ft. at the grate 
line; the furnace width is 8 ft. Between the rear end of the grates 
and the bridgewall is placed a double dumping grate 27 in. long, 
thus making a total grate surface of 28 sq. ft. and a total furnace 
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volume of 455 cu. ft. The grate is placed at the floor line and 
slopes toward the rear. A regulated door to admit air from the 
hoiler-room tunnel to the under side of the grates is provided. 

The front has a 6 X 18-in. cast-iron 60-deg. chute with a bal- 
anced check valve for admission of the shavings and a 24 X 30-in. 
counterbalanced sliding door for the firing of refuse and scrap 
wood. On each side of the front door is placed an oil burner 
which is used when there is a deficiency of wood or shavings. 

This boiler will produce 700 hp., in which case additional air 
must be admitted under the front door in order to eliminate 
heavy smoke. A flow meter and draft gage is placed in a promi- 
nent position on the front left corner and a CO, recorder on the 
side. 

Figs. 3 and 4 show a 250-hp. boiler which was rebuilt from a 
stoker-fired setting, retaining, however, its low (5 ft. 6 in.) setting 
height. A Dutch oven was placed in front of the old setting and 
furnished with a flat suspended arch, shaving chute, and front 
door, the same arrangement as used under the previous boiler. 

The grates in this furnace are 88 in. long and with a dump grate 
to the rear; the total grate surface is 47 sq. ft. This boiler has 
developed over 500 boiler hp. 

Figs. 5 and 6 show a 363-hp. boiler which is an enlargement 
and improvement over the boiler shown in Figs. 3 and 4. The 
fact is that the 250-hp. boiler which was rebuilt in 1921 saved 
enough money on fuel cost to purchase and install this new 363- 
hp. boiler, and after its completion the 250-hp. boiler was scrapped 
because of the limited pressure allowed by the boiler insurance 
poliey. 

It is a new installation with a setting height of 12 ft. The 
grate length is 88 in. with a dump grate to the rear. There is an 
oil burner on each side of the front sliding door. The grate 
slopes 2 ft. downward; the distance to the Dutch oven is 10 ft., 
and the grate area is 50 sq. ft. The total furnace volume is 
1030 cu. ft. This boiler has developed 800 hp. and should be 
capable of delivering 1000 hp. when sufficient fuel is available. 
This is a very successful setting for shavings, scrap, and factory 
refuse. 

These two latter boilers have a peculiarity well worth men- 
tioning and which is contrary to what would naturally be assumed. 
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When this type of setting is hot and the rear of the grate has an 
accumulation of combustible on it with additional fuel en- 
tering from the shaving chute, the flame under the Dutch oven 
rolls forward under the arch and toward the front of the Dutch- 
oven wall. At this point the air and shavings from the chute 
strike the current, and force it downward and toward the shavings 
pile at the bridgewall. 

At such times, when no fuel is fed to the boiler, the air emerging 
from the shavings chute is burning into the storage pile, which 
is evidenced by a hoie in the pile in a straight line with the direc- 
tion of the chute. 


AVOIDANCE OF Gas EXPLOSIONS IN FURNACES AND SHAVINGS 
PIPES 


It may be asked how it is possible to operate the previously 
illustrated boiler settings with a low draft regulated by the damper 
to the smokestack and at the same time avoid dust or gas ex- 
plosions inside the furnace or in the shavings pipes and cyclone. 

The greatest danger is present in the morning or at other times 
when the boiler is fired up after having been down for several 
hours. In such case the boiler is filled with dry shavings or saw- 
dust and the heat from the brickwork raises the temperature of 
the fuel to a point where wood gas is distilled off faster than the 
smokestack can carry it away, and it is merely a question of time 
until this gas ignites and produces an explosion which may 


Fic. 5 363-Hpe. Borter Wuicu Is an ENLARGEMENT AND 
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wreck the entire boiler setting. Such an explosion took place 
when the above-mentioned horizontal return tubular boilers were 
first rebuilt and was caused by the carelessness of the fireman, 
but this was the only explosion he ever had. To prevent their 
occurrence, it is only necessary to light the fire and let the gases 
burn as they are given off from the fuel. 

Backfires from the firebox through the shavings pipe and into 
the cyclone have occurred and have been the cause of serious 
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accidents. To eliminate this danger, a cast-iron chute is placed 
in the front wall of the boiler and fitted with a cast-iron balanced 
check damper which, as long as pressure is carried in the cyclone, 


remains partly open and passes the stream of shavings while it 
retains the greater part of the air. Should the pressure in the 
firebox exceed that in the shavings chute or should the blower 
or fan which feeds the cyclone cease to function, this check 
valve will automatically close. 

Serious accidents have taken place caused by either of the 
above causes, and it is well worth while to take the proper pre- 
cautions and properly instruct the operating force to eliminate 
any chance of their occurring. 

The proper utilization of wood as fuel has been neglected for 
many years, but because of the increased price of coal and the 
competition between manufacturers in the same line, the matter 
of proper utilization of wood refuse for fuel has of late been given 
very great consideration. 

There are now scattered all over the country factories where 
wood burning has reached the highest degree of efficiency, and 
it is to be hoped that every plant that has any considerable 
amount of wood or refuse which can be burned, will see fit to 
adopt means and methods for utilizing such fuel to the best 


advantage. 


Wood-Burning Furnaces 
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By BURRITT A. PARKS,' GRAND RAPIDS, MICH. 


After pointing out the value of wood refuse as fuel for boilers in 
woodworking plants, the author discusses the nature of wood refuse 
and the heating value of various species of wood. He then considers 
the conditions which are necessary for the efficient combustion of 
wood refuse, and sets forth the principal requirements in the case of 
kiln-dried wood, after which he describes various furnace designs 
which have been successfullg-employed. He closes with an appeal 
for better engineering in the design and operation of woodworking 
plants. 


of wood-refuse-burning furnaces and the efficient 

combustion of wood refuse as a fuel. While the 
author does not presume to add greatly to the sum total of knowl- 
edge on these subjects, he nevertheless believes that a résumé of 
recent developments, together with the results of some of the ex- 
periences of his company, may not come amiss in furthering the 
discussion of these important problems. \ 

The increased cost of coal during and following the World War, 
together with the propaganda carried on by various Government 
agencies and engineering societies in thesinterest of conservation 
of fuel, have combined to open the eyes ofspower-plant owners and 
operators to the possibility of reducing fuel consumption and 
therefore cutting operating costs. Much has been accomplished 
along this line, but judging from appearances in many manu- 
facturing plants, there is still much work to do. 

The managements of many woodworking plants have in the 
past apparently labored under the misapprehension that the 
wood. refuse resulting from their manufacturing operations was 
a waste product pure and simple and that its disposal was the 
primary consideration, economy in its use being of little or no 
importance. 

Intelligent thought will convince one that this is the wrong 
point of view, particularly for a plant where the wood refuse is 
insufficient to supply the demand for fuel, for, as will be pointed 
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out later, every 2 to 2'/, lb. of wood efficiently burned in the 
furnace results in the saving of 1 lb. of coal, and this gives a real 
dollars-and-cents value to the refuse viewpoint. 

In order to accomplish the maximum in fuel savings, certain 
conditions must be met, such as proper furnace design, suitable 
means for feeding the wood refuse to the furnace, and intelligent 
operation. Incomplete combustion and excessive temperature 
of the stack gases are the two most potent causes of the inefficient 
use of fuel. The proper control of these factors is not a matter of 
guesswork; neither is it entirely a question of experienced ob- 
servation. Data must be supplied to the fireman so that he may 
definitely control the drafts, air supply, and fuel supply in ac- 
cordance with the load conditions. To this end certain instru- 
ments are necessary, such as steam-flow meters, draft gages, 
recording thermometers, and flue-gas analyzers. There are 
many who will question the advisability of making the invest- 
ment in such instruments. The author’s only answer to this is 
that the increased efficiency resulting from positive control of 
combustion conditions will pay a surprising return on the invest- 
ment—and this statement is not based on idle generalities but is 
the result of observation and experience in plants under his 
charge. 

VALUE oF Woop ReruseE 

The amount of wood refuse available as fuel in a woodworking 
plant will, of course, vary with the nature of the product. In 
most furniture-manufacturing plants, for example, the waste will 
vary from 25 to 40 per cent of the lumber cut; 30 per cent would 
probably be a conservative average. ‘This means that for every 
1000 ft. b.m. of lumber cut, averaging about 3 Ib. per ft. b.m., 
there will be 1000 Ib. of refuse sent to the boiler room, which, when 
efficiently used, will replace 500 Ib. of coal. 

Very frequently manufacturers will sell their cuttings for 
domestic uses, and they should not lose sight of the fact that 
every load of cuttings sold, in most cases at least, must be re- 
placed by the equivalent fuel value in coal. This means that the 
manufacturer should dispose of the cuttings at a price that will at 
least allow him to buy an equivalent fuel value in coal for the 
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same money. A survey was recently made at a woodworking 
plant where the cuttings had been sold for years at a price that 
would not purchase a fuel equivalent in coal. Manifestly this 
was a poor bargain for the manufacturer. 

Due to the fact that most woodworking plants require steam 
throughout the year for lumber drying and other process work, 
it is necessary to operate a boiler plant throughout the year, 
irrespective of whether power is developed or not. Taken in 
conjunction with the fact that large quantities of wood refuse are 
available for fuel and that exhaust steam from engines is exactly 
as satisfactory a heating medium as low-pressure steam from the 
boilers, it may easily be shown that in over 90 per cent of the 
cases, woodworking plants cannot afford to purchase outside 
power at rates ordinarily in effect. The wood refuse available as 
fuel is the predominant factor affecting this situation, and it 
therefore behooves any woodworking plant purchasing power to 
make a careful survey of its steam and power demand, for in most 
cases there is an opportunity for effecting substantial reduction 
in the cost of these items. 


NATURE OF Woop REFUSE 


Before discussing the proper conditions for the efficient use of 
wood refuse as fuel and the design of wood-burning furnaces, it 
is essential to have an understanding of the nature of the fuel it 
is proposed to burn. The lumber industry has practically dis- 
appeared from this section of the country, and consequently this 
discussion will be confined to a consideration of the wood refuse 
ordinarily available in woodworking plants of this and similar 
communities. For the purpose of this paper only kiln-dried or 
thoroughly air-dried stock will be considered. 
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It is generally assumed that the heating value per pound of 
Ury wood is the same for all species, as the composition of dry 
wood is approximately as follows: carbon 49 per cent, oxygen 
44 per cent, hydrogen 6 per cent, and ash 1 percent. Asa matter 
of faet, the different species contain varying amounts of resins, 
oils, and gums, so that the actual composition and heating value, 
as given by Gottlieb, is as follows: 
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B.t.u. 


Kind of wood c H N O Ash_ per lb. 


Birch... 
Pine... 


Auxiliary Air 


Fic. 2 Type or FurNace Founb SuccEssFUL IN THE BURNING OF 
Wert Hoo Fue. 


To show the variation in heating value of wood due to water 
content the following table, given by J. H. Hinman, is presented. 


Moisture, Available heat, 
per cent B.t.u. per Ib. 

10 7703 

20 6705 

30 5707 

40 4710 

50 3712 

60 2715 

70 1717 


This table is based on a heating value of 8700 B.t.u. per pound 
of wood with an assumed flue-gas temperature of 560 deg. fahr. 
The available B.t.u. per pound of wood fuel indicates the net 
heating value after deducting the B.t.u. required to heat the 
moisture to the boiling point, evaporate it, and superheat it to the 
temperature of the flue-gas temperature, viz., 560 deg. 

From an examination of the above tables it will be observed 
that the B.t.u. value of the common species of woods carrying 
about 5 per cent of moisture will be about 50 per cent of that of a 
good grade of bituminous coal. In other words, for comparative 
purposes it is conservative to assume that in most woodworking 
plants two pounds of wood refuse is equivalent in fuel value to 
one pound of bituminous coal. 

In burning wood the volume of gases given off is much larger 
than for coal, and, as will be shown hereinafter, this fact has an 
important bearing on the design of boiler settings, breechings, 
chimneys, etc. The following table, as given by R. L. Beers, 


Ratio of 

Wood Flue Cu. ft. gas vol- 
per hp-hr. gases perhp-hr., ume, 

Moisture’ Efficiency, as fired, per hp-hr., at 600 wood to 
per cent per cent lb. Ib. deg. coal 
0 70 6.00 61 1560 1.11 

20 65 8.05 66 1715 1.22 
40 57 12.25 SO 2120 1.51 
60 43 24.40 114 3150 2.24 


Oak.....0............. 5.16 6.02 0.00 43.36 0.37 S316 
Ash................... 49.18 6.27 0.07 43.91 0.57 8480 ) 
. 48.99 6.20 0.06 44.25 0.50 8510 
Beech................. 49.06 6.11 0.09 44.17 0.57 8591 Er 
48.88 6.06 0.10 44.67 0.29 8586 
; 50.36 5.92 0.05 43.39 0.28 9063 Aes 
_.... 50.31 6.20 0.04 43.08 0.37 9153 
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indicates the approximate volume of flue gases, assuming a tem- 
perature of 600 deg. fahr. 


CONDITIONS FOR EFFICIENT COMBUSTION OF Woop REFUSE 


As has been pointed out above, the combustion of wood refuse 
results in the giving off of a large volume of gas. It therefore 


on 


Fic. SpectaAt FurNAcE DESIGNED FOR BURNING BoTtTH WET AND 
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requires a design of furnace different from that required for coal 
to obtain the best results. 

The practice ordinarily in vogue for supplying fine refuse to the 
furnace is to either spout it directly from the separator or else use 
some special design of feeding mechanism conveying the refuse 
from a storage bin. In any event, a considerable portion of the 
sawdust and shavings is burned in suspension and the remainder 
drops in piles on the grate, when combustion takes place largely 
on the surface of the piles. Due to the impossibility of obtaining 
an adequate air supply through the fuel bed itself, air must be 
admitted above the fire. If there is a deficiency of air admitted 
above the grate, incomplete combustion will result, and in con- 
sequence heavy black smoke will be given off. 

In general, the fuel bed should not be disturbed as combustion, 
which is taking place on the surface, will be interfered with. 

One of the largest sources of loss in most plants results from the 
fact that fuel and air are not properly proportioned and sup- 
plied to the furnace in accordance with the load on the boiler. 
For this reason, automatic means for feeding the fuel to the 
furnace, as will be described hereinafter, should be employed in 
order that the highest efficiency in the use of the fuel will result. 
It has been conclusively demonstrated that the savings resulting 
from proper means of regulating the fuel supply will pay hand- 
some returns on the investment required to accomplish this ob- 
ject. 

Kiln-dried wood, sawdust, and shavings are burned to a great 
extent in suspension, and on account of the large volume of gas 
given off and the necessity of obtaining a thorough intermingling 
of the air with these gases a large combustion space is necessary. 
There is a tendency toward larger combustion spaces, and whereas 
3 to 5 cu. ft. of space per rated horsepower was considered ample a 
few years past the author believes that 7 to 8 cu. ft.—or even 
more—per horsepower of rated boiler capacity will give better 
results. 

In large boiler plants having a number of boilers installed, part 
of the settings may be designed to burn wood only and the re- 
mainder designed for coal. In most plants, however, the settings 


should be designed for a combination of coal and wood refuse so 


that no interference with operation will result from a stoppage of 
the wood supply. The method of coal firing to use depends 
somewhat on the size of the boiler unit and the ratio between the 
coal and wood refuse required to carry the load. Stokers and 
pulverized coal are coming into use rapidly, and have the ad- 
vantage that automatic control will “cut in” the coal supply as 
the supply of wood refuse drops off. 

In many ways unit pulverizers form the ideal scheme for feeding 
coal as they are more responsive than the stoker in taking care of 
variations in the wood supply. 

Another advantage in using pulverized coal is that grates may 
be omitted entirely. As has been mentioned, refuse such as 
kiln-dried shavings and sawdust burns best on the surface of th: 
piles, and consequently a plain brick bottom to the furnace 
answers every requirement. Air is admitted through smal! 
openings near the furnace bottom directed toward the piles 
With this design hollow-wall furnace construction is advisable as 
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this results in some preheating of the air and lessened main- 
tenance on the furnace walls. 

In most plants the wood waste or refuse consists in part of 
blocks or cuttings, in addition to the shavings and sawdust. 
Firing the blocks and cuttings through the fire door in the usua! 
manner is expensive both in labor and loss of efficiency. To burn 
the blocks properly on the grate the draft should come throug) 
the grates, and this is opposite to what is required for the 
shavings and sawdust. Further, it is impossible to maintain « 
fuel bed of uniform resistance, and consequently control of the 
air supply is impossible. 

There is only one answer to this condition, and that is to “‘hog 
the blocks and cuttings. The “hogs’’ may be located at strategic 
points throughout the plant (resulting in a decrease in labor for 
trucking), and the hogged material delivered into the regular 
exhaust system. 

In spite of the comparatively large power consumption and 
maintenance required for the “hog,” tests have shown con- 
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clusively that in most cases the decrease in labor and increased 
efficiency in burning the hogged material will show savings that 
will pay a good return on the investment. 


DEscrRIPTIONS OF VARIOUS FURNACES 


The principal requirements for the efficient combustion of 
kiln-dried wood refuse may be summed up as follows: 


Fic. 5 Successrut Type or SetrinGc ror Horizontat-RETURN 
TUBULAR BoILeR 


1 Ample combustion space to insure as 
complete combustion as possible be- 
fore the hot gases come in contact with 
the water-heating surface 

2 Means of feeding the wood refuse where- 
by the supply of refuse may be con- 
trolled in accordance with the load 

3 Means for admitting the air supply to DD 
the furnace at the proper points and 1 
controlling it in synchronism with the 
fuel supply 
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furnace being of brick. Wood refuse is spouted from a screw 
feeder (not shown) through the diagonal chute in the front wall. 
Air is admitted through the openings shown near the bottom of 
the furnace. Some experiments have been conducted with 
furnaces of this type using steam jets in some of the air inlets in 
order to obtain an agitation of the wood refuse dropping to the 
floor of the furnace. Results seem to indicate a slight improve- 
ment over natural draft. This boiler has been run at 200 per 
cent of rating continuously on wood refuse alone. 

While we have been considering dry refuse only in this paper, 
Fig. 2 is given to indicate a successful furnace for wet hog fuel, 
such as would be available in a lumber mill. The fuel is intro- 
duced through the two openings in the top of the Dutch oven. 
The drop-nose arch aids materially in the combustion of this type 
of refuse by increasing the area of hot brickwork reflecting heat 
to the fuel bed, preventing stratification of the air and gases, and 
producing a high furnace temperature so essential for the proper 
combustion of wet refuse. Additional air is introduced through 
a hollow bridge wall to insure sufficient oxygen for burning the 
gases distilled from the fuel bed. 

Fig. 3 shows what may be accomplished in the way of a special 
design to meet various limitations. The furnace was designed to 
burn both wet and dry refuse. On account of space limitations 
both as to length and height, the furnace volume is not all that 
might be desired. To overcome the deficiency in hot brickwork 


4 Ample draft, but with means for con- 
trolling it, preferably automatically, 
so that the fine particles will not be | i 
unduly drawn over the bridge wall or | 
into the gas passages of the boiler ae 

5 Suitable means of firing coal as an 
auxiliary fuel, preferably using stokers 
or a powdered-coal installation, ar- 
ranged with automatic control so 
that the auxiliary fuel will “cut in” as 
the supply of wood refuse drops off. 
Parenthetically it might be stated 
that oil fuel and natural gas make 
ideal auxiliary fuels, but on account of 
the cost or not being available, they 
are seldom used 

6 Proper complement of instruments, 
such as steam-flow meter, CO, indi- 
cator, draft gages, thermometers, etc., 
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so that the fireman may intelligently 
control the various elements of the in- 


stallation to give the maximum pos- Fic. 6 Snowrna Means oF OstaininG Unitrorm Ferepina or 


sible efficiency at all times. 

Keeping in mind these requirements, it may be of interest to 
examine a few typical furnace designs and see how these require- 
ments are met. 

Fig. 1 indicates a cross-drum type of water-tube boiler set over 
a large box-like furnace. A unit-type coal pulverizer is used to 
supply the auxiliary fuel. No grates are used, the bottom of the 


in the furnace, horizontal baffling was used. This not only in- 
creased the area of brickwork reflecting heat to the fuel bed, but 
also increased the length of gas travel. The suspended drop-nose 
arch accomplishes the same purpose as in Fig. 1. This furnace 
has met the requirements of smokelessness very satisfactorily. 
Ordinarily vertical baffling is preferred by the author in order to 
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obtain a flow of the gases across the tubes and to prevent accumu- 
jations of ash on the horizontal surfaces, but in this case these ad- 
vantages were offset by the desirability of obtaining the greater 
heat-reflecting surface and larger combustion space before the 
gases come in contact with the heating surface. 

Fig. 4 shows a furnace somewhat similar to that in Fig. 1. The 
practice in the past has been to bring the furnace proper right up 
against the tube bank in vertical water-tube boilers. This 
resulted in the products of combustion coming in contact with the 
heating surface before combustion was sufficiently advanced. A 
large accumulation of ash around the bottom of the tubes and a 
dirty stack was the result. The setting shown in Fig. 4 very 
successfully overcomes the above disadvantages. 

Fig. 5 shows a very successful setting for a horizontal-return 
tubular boiler. The auxiliary grate catches and burns a large 
amount of the fine shavings and sawdust that blow over the bridge 
wall. Air may be admitted below this grate and also through the 
hollow bridge wall above the grate. 

Fig. 6 is given not so much to show a successful furnace as to 
indicate a means of obtaining uniform feeding of the refuse. In 
this case the refuse is the auxiliary fuel, coal being depended upon 
primarily. It will be noted that space limitations prevented 
designing a furnace of adequate proportions for successfully 
burning wood refuse. 

The shavings, sawdust, and dry hogged cuttings are delivered 
from the separator to an overhead steel bin. From the bin the 
refuse flows by gravity to a serew conveyor, which in turn dis- 
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charges through the top of furnace 
near the front. The speed of the 
conveyor, and consequently the rate 
of fuel feed, is under control of the 
fireman by means of a friction drive 
from a line shaft. Agitators are 
provided in the bin to prevent the 
material from “bridging.”” An air 
blast from a small fan is introduced 
into the discharge chute, as indi- 
cated, to prevent flarebacks and ty 
obtain a better distribution of th: 
refuse in the furnace. A runway 
passes over the tops of the fur- 
naces, so a large chute and trap door 
are provided in each furnace for 
feeding rubbish and such wood re- 
fuse as cannot be put through the 
hog. 

Fig. 7 shows a design which has 
worked out very successfully, both 
from the standpoint of the furnace 
and the method of feeding the coal! 
and refuse. As will be noted, the 
furnace design is similar to that in 
Figs. 2, 4, and 5, using the drop- 
nose arch and auxiliary air inlet 
through the bridge wall. 

The refuse is diseharged from the 
separator into a large brick storage 
bin in the bottom of which is a 
double screw conveyor, the two 
screws turning in opposite directions 
and inwardly atthetop. Thescrew 
conveyor conveys the refuse to a 
small exhaust fan, which in turn 
discharges to the secondary sepa- 
rator on the roof. From the sec- 
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ondary separator the refuse flows by gravity to the furnace in 
the usual manner. By means of a variable-speed motor the 
speed of the screw conveyor, and consequently the rate of flow 
of refuse to the furnace, is controlled in accordance with the load 
on the boiler. 

As an auxiliary to the above a unit-type coal pulverizer and 
feeder is installed which is provided with automatic control so 
adjusted that if the supply of wood refuse is insufficient to carry 
the load the coal feeder will cut in automatically. 

Fig. 8 indicates a furnace design and method of feeding used in 
a small plant where the expense of more elaborate equipment did 
not seem justified. In this case the shavings and sawdust are 
spouted direct to the furnace from the separator in the usual 
manner, the excess going to an overhead steel bin. Practically 
all cuttings are run through a hog and discharged to the same bin. 
When the manufacturing plant is not in operation the spout from 
the bin is inserted in the chute to the furnace and the contents of 
the bin discharged to the furnace by gravity, aided by the siphonic 
action of a jet of air from a fan. An agitator is installed in the 
bin to prevent bridging and to insure a fairly uniform rate of 
discharge. 

This design is not offered as an ideal one, but it shows what 
may be accomplished at moderate expense. The refuse from 
this bin is fed to the furnace and consumed with far greater effi- 
ciency than would be obtained by feeding the material through 
the fire doors with a shovel. 

The extended lip on the bridge wall induces a swirling action in 
the furnace which prevents stratification and insures a more 
intimate mingling of the air and gases. In this particular case 
this projecting lip had to be reduced somewhat from that shown, 
as it was found that too high a furnace temperature was obtained, 
resulting in high maintenance of the furnace walls and arch. 

In conclusion, the author wishes to make an appeal for better 
engineering in the design and operation of woodworking plants. 
The woodworking industry has dropped far behind many other 
industries in the progress shown in plant design, manufacturing 
methods, ete. With the increasing keenness of competition it 
behooves every plant executive to scrutinize all departments of 
his plant with the greatest care. Today the saving of pennies in 
reducing costs may be as important as the saving of dollars was 


yesterday. 


Discussion? 


Sern Mapsen.’ The paper is very complete in covering the 
subject of wood-refuse burning as conducted in the majority 
of woodworking plants, but it does not cover at all the appa- 
ratus or conditions of wood-refuse burning found in the larger 
and more efficient installations for burning of dry wood refuse. 

The methods and apparatus described are those used in the 
average small mill burning dry wood refuse. Further than 
this, the installations described are designed and arranged for 
use of other fuel as make-up when wood refuse runs short. 

Briefly, it describes the methods adaptable either to the small 
plant or to the larger plant where wood-refuse burning is a minor 
consideration. 

The most efficient installation where wood refuse constitutes 
the major part of the fuel, or all of it, must be developed along 
radically different lines. 

Reasons why the comparatively flat grates and ‘‘blow-in” 
system of feed are inefficient are: 

| The ratio of air to fuel entering above the grates varies 
as machines producing shavings vary. 

* Joint discussion of E. Winholt’s paper on ‘‘Obtaining the Maxi- 
mum Fuel Value From Wood Waste,”’ and the preceding paper by 
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2 The rate of fuel feed is not easily controlled to meet the 
demands for steam production. 

3 The fuel burns like a bonfire, with cold air for maintaining 
combustion approaching the fuel from the top—the same side 
from which the heated gases resulting from combustion must 
leave. The highest temperatures cannot be obtained where 
the hot gases are extensively diluted with an excess of cold air. 

4 The burning of the fuel is uneven. The air supply is 
not uniform to all parts of the fuel. 

5 Building up of a cone or heap of shavings is ideal tor gener- 
ating gases for a subsequent explosion. 

Other considerations that are essential for efficient wood- 
refuse burning are as follows: 

1 The rate of fuel feed must be proportional to the demands 
for steam production and should preferably be automatically 
controlled. 

2 The ratio of air for combustion and fuel feed should re- 
main practically constant. 

3. The fuel bed should entirely cover the grates and should be 
of nearly uniform depth. No holes in the fire shovld be permitted. 

4 The air for combustion should enter primarily from below 
the grates so that the hot gases of combustion can leave uncooled 
from the top side of the fire. - 

5 Except in extremely high furnaces the theory of burning 
wood refuse in suspension is a myth. Therefore we must have 
grates. 

To obtain the above conditions as nearly as possible, and to 
gain other advantages, 

1 The air and fuel supply may be controlled by the steam 
pressure and maintained at a predetermined ratio. 

2 Proper distribution of fuel on the grates can best be ob- 
tained by use of several gravity-feed chutes at or near the high 
end of a grate which slopes at from 30 to 40 deg. from the hori- 
zontal toward the back. 

3 By keeping a well-distributed fuel bed of uniform depth, 
a moderate draft will supply a uniform air supply to all parts 
of the fuel. 

4 <A mechanical feed of shavings makes possible a storage 
of fuel when there is a surplus which may later be burned during 
a shortage. 

5 All blocks and strips should be ground up in a hog and fired 
through the chutes like shavings. 

6 Safety from backfiring or explosion is positively assured 
and does not depend on educating the fireman. 

7 Smoke conditions are more easily controlled, but it should 
be remembered that burning of pitchy or knotty wood is not 
done most efficiently wit hout some smoke. 

8 Boiler-room labor and worry will be reduced by automatic 
apparatus. 

As evidence that automatic gravity-feed wood-refuse burning 
is the most efficient, it might be stated that the largest of the 
sash and door plants along the Mississippi River have changed 
from the type of apparatus the author describes to the more 
modern types of feeding apparatus. 

It might also be added that a change-over from the old appa- 
ratus at a Clinton, Iowa, plant saved during the first year’s 
operation 2700 tons of coal on a 600-boiler-hp. installation. 

In conclusion, let us decide first whether our furnace is to be 
designed for burning wood refuse as a major fuel or as a means 
of disposing of it along with other fuel. If the latter, then the 
author has described suitable apparatus, which, however, might 
be more efficient. 


I. B. Winery.‘ We had an experience with a small hori- 


* Manager, Waddell Mfg. Co., Grand Rapids, Mich. Assoc- 
Mem. A.S.M.E. 


by 
| 


34 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


zontal-return tubular boiler of about the size mentioned in Mr. 
Winholt’s paper. We wanted to work out an economical way 
of keeping out this excess air, and devised a method which we 
think has possibilities. We located a slide in the down spout 
and operated it by a small motor-driven unit so that the slide 
would close off the opening for 50 seconds out of a minute and 
then open it up for 10 seconds. This allowed a charge of shavings 
to accumulate above the slide, which would drop into the furnace 
together with a gust of air, when the slide would close for another 
accumulation period. The idea was ultimately to provide it 
with a variable-speed mechanism so that when the shavings 
were coming faster the apparatus could be worked with a smaller 
accumulation period. One trouble was that the dust arched 
over in the spout from the slide, but it is believed that that can 
be overcome. We found that the device cut our coal con- 
sumption from 1000 lb. per day down to about 700 lb. per day, 
which shows it is possible to make a saving by keeping out excess 
air. 


C. A. Crytser.® In designing the damper, Mr. Winholt 
had the control of air in mind as well as the safety feature. 
With this damper sufficiently weighted, it limits the amount 
of air to just about that necessary to carry the shavings into the 
furnace. For that reason he must supply his air at some other 
point. The air is supplied very largely through the damper, 
but the amount is controlled by hand and not automatically. 
Some sort of regulator might be devised, but it would have to 
operate on CO: content in order to take care of the situation. 
Mr. Winholt has found it possible to control the amount of air 
through hand operation, and obtain reasonable economy. 

Mr. Parks showed on the screen two furnaces where there 
were large areas of floor. With powdered-fuel furnaces in 
Chicago, using tile on the floor has not been entirely satisfactory 
due to slagging which practically prevents heat transfer to the 
air. 

Cast-iron plates, however, have been found to work per- 
fectly. It is possible to blow the scale off them, and even with 
the high temperatures encountered in burning pulverized fuel 
there was never any trouble with burning of the plates. 

As to squeezing moisture from the wet fuel in sugar mills 
with four to six hundred tons pressure on the rolls, it is impossible 
to get the moisture of the bagasse under 40 to 50 per cent. 


R. K. Merrity.¢ We are operating 1700 b.hp. with four 
units, three of which are required during the factory operating 
period. All boilers are provided with screw feeds for shavings, 
which enter the boiler furnace through the furnace roof close 
to the furnace front. Two of the boilers are stoker-fired, 
using type E single-retort stokers made by the Combustion 
Engineering Company. The other two boilers are provided 
with plain herringbone grates, and the larger portion of the 
shavings is consumed in these two furnaces. 

Originally, these last-mentioned furnaces were somewhat 
larger, but we found it necessary to install an air-cooled center 
wall between these two units which cut down the combustion 
space somewhat. The present furnaces are large enough to 
give us 1.66 cu. ft. of combustion space per b.hp. ahead of the 
first tube bank. We find that the air-cooled center wall saves 
considerable maintenance expense on the setting. Previous 
to the introduction of this center wall, we were considering an 
increase in the combustion space by dropping the grates down 
into the ashpit, which is rather deep, due to the fact that the 
boiler room has a basement underneath and ashes are removed 
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at this point. We therefore agree with Mr. Parks that a maxi- 
mum possible combustion space similar to installations for 
powdered-coal burning would be desirable. 

The Ford Motor Company installed at the Lincoln plant a 
pair of return tubular boilers, which were originally obtained 
from some of the ships scrapped by the company, over a furnace 
which was in excess of 24 ft. high above the grates. This was 
for wood-refuse burning, and the writer is informed that the 
setting is very satisfactory. There is, of course, a limit to the 
size of wood-burning furnaces which is determined by the cost 
of these furnaces and beyond which point it would not be eco- 
nomical to go. 

We find that the automatic control referred to by Mr. Parks 
is very handy for controlling the speed of the stoker engin 
which drives the shavings screws. It was a very simple matte: 
to connect a wire from the valve on the engine to the hydraulic 
damper and turbine-control mechanism furnished with the typ: 
E stokers. This gives us a very close control of our steam 
pressure, which is not usual in wood-burning plants depending 
upon manual control of the draft and fuel. 

We are using a crusher of the swinging-hammer type for re- 
ducing our blocks and cuttings to a size suitable for handling 
in the blow-pipe system. This has no knives requiring fre 
quent sharpening, but the power consumption is rather high 
We have found that a periodical tearing down and inspection 
of this machine every six weeks has paid well over a period 
of three years. Originally, the machine was set up and run 
until something happened, but the recurring frequency of thes: 
accidents, together with several fires, taught us the necessity 
for the above-mentioned practice. No material with nails or 
pieces of metal in it is fed through the machine. Incidentally, 
this machine now requires a motor which is twice the size of the 
one recommended by the maker. 


C. A. Hamitron.? When I came to Grand Rapids and 
came in contact with the woodworking factories, I found that 
a CO, content of 4 to 6 per cent was a high average for the 
ordinary run of plant where they shoot shavings through the 
cyclones. In one plant with three boilers equipped with Dutch 
ovens, we installed screw feeders from a storage bin on each boiler, 
operated by a motor through a flexible drive with a 10 to | 
ratio. The flue-gas analysis on that installation was so low 
that I am ashamed of it. On the other hand, the performanc: 
seemed fairly good. The coal consumption went down, and i: 
general the operation has been very satisfactory. 

A screw feeder installed on a cyclone may produce a nuisanc: 
through the dust that carries over from the top. The city o! 
Grand Rapids got after our company for such a nuisance, sv 
we started out to eliminate that dust, which we did by piping 
from the cyclone into a bin where we sprayed the dust, and then 
enlarged the pipe area to a point where we reduced the velocit) 
of the air down to about 3 ft. per sec. 


R. K. Merrity.* Referring to Mr. Hamilton's remarks: 
With a portable CO, apparatus we have shown at least 15 
per cent of CO, in our furnaces with plain grates, where the 
majority of our shavings are burned. Some hand-fired coa! 
was also burned at the time of these tests. 


C. A. Ross. In the second table of Mr. Parks’s paper it is 
stated that the available heat per pound of fuel with 70 per cent 
moisture is 17.7 B.t.u. That means a pound of fuel is 0.59 lb. 
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dry wood and 0.41 lb. of water. The removal of that water 
from the wood would take approximately 1000 B.t.u. per Ib., 
or 420 B.t.u. for 0.41 lb. By removing it the fuel could be 
charged into one having 7000 B.t.u. per lb. The question arises 
whether any one has ever tried to dry wood refuse with heat 
from the stack before burning it, thus getting the additional 
heat indicated. 

Kent says the heating value in B.t.u. per lb. dry is from 5400 
to 6830. The heat at 70 per cent wet would be: 


70 


100 
(= x 1+970 + (600—212) x05 
‘ 


2950 B.t.u. (about) 


Here 
6000 = average B.t.u. per lb. of dry fuel above 50 deg. to 
600 deg. fahr. 
50 = initial temperature of fuel 
970 = latent heat of contained water 
0.5 = specific heat of steam 
600 = final temperature of flue gases. 


Theoretically there is only a saving of 194 B.t.u. by previous 
drying, and this will be lost in the drying, but the previous 
drying will bring about a higher furnace temperature. 


B. M. Baxter.’ I wish to emphasize the excellent point 
brought up by Mr. Parks, that the volume of furnace gases 
needs very careful consideration, especially where there is 
moisture in the fuel. 

Some ten or twelve years ago I had occasion to look into the 
performance of certain boilers which were being fired with a 
material similar to spent bark in a tanning-extract plant in the 
South. This material ran very wet. The plant had been 
designed with vertical boilers much like those shown in this 
paper, except the tubes were small and the spaces were quite 
close. Fortunately, there was induced draft available, but one 
thing which was extremely puzzling was an excessive draft drop 
through those boilers. 

A little thought in connection with the large amount of mois- 
ture contained in that fuel, which ran around 65 per cent, indi- 
cated that the volume of gases was far beyond the normal 
amount. That explained the high draft drop, which was cor- 
rected by a change in the baffling. 

An interesting point in connection with the use of high- 
moisture-content fuels was the recovery of the heat from the 
stack gases. Naturally, with a large amount of moisture 
which must be evaporated and superheated, the stack losses 
are excessively high. In this instance, special economizers 
were designed. 

Experience in another plant in that neighborhood indicated 
that the ordinary cast-iron tubes could not be used in the econo- 
mizer because a deposit would stick to them and clog the scrapers. 
In faet, so much trouble developed with the cast-iron economizers 
that they were abandoned. In this case an economizer was 
developed using a steel-plate tank, through which ordinary 
boiler flues were thrust, expanded, and rolled in. This econo- 
mizer proved quite successful and about 150 deg. rise was ob- 
tained in the feedwater. However, on account of the slow 
circulation of water in this economizer the tubes corroded and 
pitted quite rapidly. 

It is quite common practice to discharge shavings from cy- 
clones direct into the furnace. Considerable air is required to 
transport the shavings. The question arises how to adjust 
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the amount of air necessary for the mechanical transport of the 
shavings to the amount properly needed for combustion. 


Paut H. Bitnuser.” We have found it very satisfactory 
to combine coal and shavings in the same furnace and then 
discontinue the use of coal, reserving this furnace entirely 
for wood shavings, and have secured fairly good efficiency from 
it on that basis. I should like to ask whether Mr. Parks’s furnace 
design is applicable to both shavings and pulverized coal, and 
whether an immediate change can be made from shavings to 
pulverized coal and the same efficiency be had from either of 
those fuels. Also whether it is possible to economically pul- 
verize No. 1 buckwheat anthracite and whether that is less 
efficient to pulverize than bituminous coal or anthracite of the 
larger sizes. 


B. M. Baxter.’ The difficulty about spouting direct from 
the cyclone arises from the fact that the stock comes into the 
cyclone intermittently as it is freed through the machines in 
the plant. The blast in the cyclone is nearly constant at times, 
the fuel will come down in great volume, and again the spout 
will be empty. In considering this matter in the rearrangement 
of a plant ten or twelve years ago, the expedient mentioned by- 
Mr. Parks, that is, a screw feeder, was adopted, which eliminated 
the difficulty. In my opinion it is the only proper way to feed. 


C. W. Gorpon."! I should like to ask a few questions. First, 
what commercial disposal is made of the wood ash? Second, 
what CO, is maintained in these furnaces? Third, what flue 
gas temperatures are obtained? Fourth, what boiler efficiencies 
are obtained with the various arrangements which have been 
shown on the screen? One type of furnace which has not been 
discussed consists of an airtight pressure chamber into which 
wet wood chips are fed by conveyor. Air at forced draft is 
introduced under the grates and a form of wood gas is therefore 
generated in this chamber. The gases pass through a small 
throat at high velocity and burn in a large combustion chamber 
under the boiler. These wood chips therefore burn with a CO, of 
from 13 to 15 per cent, and consequently the equipment operates 
with excellent results. We are interested in the problem mainly 
from the standpoint of superheater designs. The size of a 
superheater depends primarily on the amount of gases which 
pass over it. The CO, is a measure of the gas weight. Unless 
we are advised to the contrary it is our customary practice to 
assume a CO, of 8 per cent and this discussion indicates how 
far one can go wrong in a case of this kind. 


W. T. Rirrer.'? I wish to second as well as emphasize Mr. 
Parks’s remarks concerning the need of instruments in the average 
boiler plant, especially that of the woodworking establishment. 

In my going from one plant to another, I find more unused 
CO, recorders, either automatic or hand operated, and draft 
gages so dirty that they could not be read if they were hooked 
up. Therefore it behooves us to think of the human element 
in the operation and maintenance of these instruments, and the 
employment of a higher type of operator who will use them 
more frequently than is now the practice. 

I differ somewhat with Mr. Parks on the comparative value 
of wood and coal fuel. The heating values that he gives are 
about 2000 to 3000 B.t.u. higher than any authoritative ones 
I have seen. The average B.t.u. value of bone-dry wood will 
run somewhere between 7000 and 9900 B.t.u. On the same 
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basis, this figure for wood refuse should be compared with the 
B.t.u. value of 15,500 for bituminous coal, ash- and moisture- 
free. 

As to the moisture content of the wood as found in most 
woodworking plants, Mr. Parks states that it is somewhere in 
the neighborhood of 5 per cent. Our experience in combustion 
work shows us that it is anywhere from 20 to 30 per cent. Wood 
refuse, even though it be kiln dried down to 5 per cent, will 
absorb quickly another 5 or 10 per cent the minute it is released 
from the bins. 

As I see it, however, for every 3 lb. of wood we can expect 
to save about 1 Ib. of coal instead of 2 to 2'/,, as Mr. Parks 
states. I mention this because some woodworking manu- 
facturers may be disappointed in their savings, and wonder 
why they are not higher. 

There are places for powdered-coal installations in connection 
with burning of wood refuse and places for stoker instr llations. 
Two of the determining factors are: 


1 The ratio of the amount of wood available or to be burned 
as compared with the amount of coal necessary to make up the 
full-load requirement. 

2 The extent and intermittency of the wood supply. That 
is, how often the wood supply runs out and it is necessary to 
turn to coal. 


Theoretically, powdered fuel would seem to be best for auxiliary 
or boosting in wood-burning or partial wood-burning furnaces. 
For the moderate-sized plant, up to 300-350 hp., stoker firing 
is the more economical when cost of operation, CO. performance, 
and efficiency are considered. 

We manufacture a small Dutch-oven furnace, which we quite 
frequently install with so-called Scotch-type boilers, as well as 
tubular boilers. This furnace has just a little under */, cu. ft. 
volume per rated hp. Yet when connected up with a Scotch 
boiler, with about a 13!/2-in. throat between the end of the rear 
grate and the heating surface of the boiler, we obtain absolutely 
smokeless results, and under normal operating conditions 
around rating obtain from 11 to 13 per cent of CO,.. The 
efficiency runs anywhere from 68 to 73 per cent. In a furnace 
which has a volume of less than */, cu. ft. per hp., these results 
are largely due to the swirling action caused by the wing walls 
built as a part of the bridge wall and by the cyclonic effect 
on gas travel produced by firing alternately opposite sides of 
the furnace. In the case of the furnace mentioned by the 
author, I do not believe that the high maintenance cost was due 
to the swirling action—it was really due to the radiating effect 
of the heat, which melted or burned away the brickwork. 


L. H. Curren.'? Much has been said about the savings 
due to utilizing wood waste as fuel, but little about the cost 
of getting this wood fuel into the boiler. If the plant is small 
and the boiler house connected immediately with it, and a 
single cyclone can be used, it may be simple. The particular 
problem that we have is a wood shop 1000 ft. from the boiler 
house, with two or three tons of waste material a day, to be 
burned under a boiler using from 10 to 30 tons of coal a day. 
We have not been able to justify the expense to make the saving. 


C. B. Norris.'* What would be the minimum percentage 
of wood refuse that could be used in conjuction with coal to 
any advantage? We have possibly but 10 per cent to throw 
into our furnace. Perhaps there is a point where it would be 
Motor Co., Allentown, Pa. 
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better for us to burn our wood refuse in a bonfire, rather than 
disturb the coal in the fire with it. 


Mr. WINHOLT’s CLOSURE 


The discussion on the paper which I presented has brought 
out a considerable number of theories regarding the burning 
of wood fuel, and of methods of burning it and of controlling fue! 
and air. It is conceded that automatic regulation on fuel as 
well as air is of a great advantage, but the boiler setting, the 
construction of the furnace, and other details are the most 
important items in the efficient burning of such fuel. 

The paper as presented and the illustrations as shown refer 
specificially to certain applications. All of these installations 
are in operation and have been running for a number of years, 
and experience with these furnaces has indicated their suita- 
bility for the purpose. Theories of wood burning may be evolved 
afterward. 

With the methods of furnishing fuel as well as air, which are 
discussed in the paper, it is absolutely necessary that the fue! 
be introduced with a certain velocity so that the heavy particles 
of wood will be delivered on the grate near the bridge wall, 
at which point they will form a pile which gradually spreads 
until it covers half or more of the grate. The other part of 
the grate is to be left uncovered for the admission of sufficient 
air to efficiently burn this fuel. Combustion takes place 
around the pile on the grate in the shape of a horseshoe. No 
air is allowed to come through the pile and burn, neither from 
the rear norin the center. The air which enters with the shavings 
supports the surface combustion, and the fact that CO, up to 
and above 15 per cent is easily obtained and no combustible 
wood is deposited in the rear pass of the boiler is proof that 
combustion takes place very efficiently. 

It is of course contrary to the theories and to the ordinary 
understanding that wood should be burned in a pile and with 
surface combustion, instead of being burned on grates with the 
air passing through them, similar to coal. However, the above 
method has been tested in the installations described in the 
paper and is working very satisfactorily. 

It is of course necessary to see such an installation to full) 
grasp its significance. It must be conceded that a 344-hp 
boiler with a total furnace volume of 455 cu. ft. and a grat: 
surface of 28 sq. ft., supplied with wood shavings and generating 
up to 600 to 666 hp., must have some merit to it. 

The boilers as described are arranged to dispose also of al! 
factory refuse which is ordinarily swept up around the plan! 
and which must be brought to the boiler room and fired by hand 

In conclusion, it should be stated that a prominent sash and 
door works located in the Tri-Cities is burning wood shavings 
exclusively in its power plant and operating an electrical load 
of approximately 1000 hp. in addition to heating the plant, and 
that this is being accomplished by burning wood shavings by 
means of a shavings system and a cyclone feed. The mill wood 
from this establishment is being sold, and no coal whatsoever 
is utilized in making steam under the boilers. This concern 
used approximately 20,000,000 board feet of lumber for its 
product in one calendar year, and the power plant produced 
all the heat, light, and power for it, or a total of slightly more 
than 2,000,000 kw-hr. It is doubtful whether this performanc: 
is paralleled in very many woodworking establishments. 


Mr. Parks’s Closure 


Replying to Mr. Ross, our experience has been that it costs 
just as much, if not more, to dry refuse outside of the furnace 
by some auxiliary use as it does in the furnace. In other words, 
it takes no more B.t.u. in one place than another. 

In one industry in which we have done considerable work, 
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WOOD INDUSTRIES 


the tanning industry, the so-called “spent” bark from the leach 
where they make their tanning liquids, is delivered to the boiler 
house with a water content of about 65 per cent. We made some 
experiments at one plant by running this refuse, this spent 
tan bark, through what might be called a wringer, and attempted 
to press out part of the moisture. The experiment was success- 
ful in that it indicated that about 10 per cent of the moisture 
could be removed, but that is about all that can be extracted 
by auxiliary mechanical methods. While the experiment was 
fairly suecessful, the removal of that 10 per cent did not 
seem to justify expending the power required to run the wringer. 


So it was finally given up and the refuse spent bark was simply 


delivered to the furnace, carrying 65 per cent moisture. That 
meant, of course, that a lot of heat had to be spent in drying it, 
but at the same time there was a net value resulting that was 
quite considerable. 

In regard to Mr. Baxter's comments, it is of course rather a 
difficult problem to control the air when spouting refuse shavings 
direct from the separator into the furnace. As Mr. Baxter says, 
there is a large amount of air required in order to mechanically 
transport the shavings. I know of no good way of controlling 
that air in accordance with the fuel where spouting direct from 
the separator. 


Mr. Winholt, I 


that line by the use of that balanced damper which acts as a 


believe, has accomplished considerable in 
sort of obstruction in the path of the air, and forces more of it 
to be discharged through the regular vent on the separator. 
Another experiment we conducted was at the plant of the 
Rapids Store 
auxiliary feeding equipment, taking the refuse out of the bottom 


Grand Equipment Company, where we used 
of the shaving bin and employing an auxiliary separator in order 
to reduce the amount of air. I do not know of any good way 

controlling the air exactly in accordance with the fuel except 
hy using something like a screw feeder direct from the furnace 


bin into the furnace, where the shavings are delivered into the 
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furnace practically without any air, and the air is controlled. 
either from above the grate or through an auxiliary air inlet, 
or by some similar means. 

Referring to Mr. Bilhuber’s discussion, I have never had 
much experience in pulverizing anthracite coal. We get very 
little of it in our district for plants. Pulverized bituminous 
coal, however, has given quite satisfactory results. Where 
the furnace volume is sufficiently large we have had quite satis- 
factory results and fairly high efficiency, both in using the refuse 
alone and the powdered coal alone in the same general type of 
furnace. 

Replying to Mr. Gordon, in the majority of plants it has 
been impossible, unfortunately, for us to get the stack data 
because there are very few plants—in our neighborhood, at 
that are equipped with apparatus and instruments that 
enable one to make these tests. Naturally, while we should 
like to obtain the benefit from making these tests, we cannot go 
to the expense ourselves in all cases, and in many cases the 


least 


owners are unwilling to make the outlay themselves. 

In a wheel-manufacturing plant in Lansing, Mich., we got 
rather poor efficiencies and poor results so far as CO, was con- 
cerned. We were cramped for room and could not get the _— 
furnace volume we wanted. 

In the larger furnace described in the paper with the closed 
tvpe of boiler, using pulverized coal, we got an efficiency of 
about 72 per cent burning wood refuse, with a stack temperature 
of about 500 deg. fahr.; burning coal, the efficiency was about 
76 per cent. 

With reference to the question asked by Mr. Norris, in general, 
I should say with only 10 per cent of the fuel used being wood 
refuse, the determining factor in the furnace design would be 
largely the use of coal. At the same time it would seem that that 
furnace should be designed so that wood refuse could be used 
to advantage, for it would have a decided fuel value, and it 
would be better to burn it under the boiler than outdoors. 
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Sept., p. 735 


Sept., '28, p. 735 
Sept., "28, p. 736 


Sept., '28, p. 736 
Sept., '28, p. 736 


Dec., '28, p. 977 
Dec., °28, p. 977 
Dec., '28, p. 977 


June, '28, p. 499 


June, ‘28, 


Pp 
June, '28, p 
June, p. 50U 

Pp 


June, '28, 
June, p. 500 
June, ‘28, p. 500 
Dec., p. 813 
Dec., '28, p. 813 
Dec., '28, p. 814 


Dec., p. 814 
Dec., '28, p. 814 


40 
April, '28, p. 339 
April, '28, p. 340 
Feb., '29, p. 171 
Feb., '29, p. 172 
| Feb., '29, p. 172 
Feb., '29, p. 172 
Peb., ‘29, p. 172 
Feb., '29, p. 172 
Feb., °29, p. 172 
é 
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